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INFLUENCE OF SUBSTITUENTS ON FORMATION, ETC. PARTI. 1177 


CXLITI.—The Influence of Substituents on the Formation 
and Stability of Heterocyclic Compounds. Part I. 
Hydantoins. 


By CHRISTOPHER KELK INGoLD, SuHinicut Sako, and JOCcELYN 
FreLtp THORPE. 


In two series of papers, one entitled ‘‘ The Formation of Unsaturated 
and Cyclic Compounds from Halogenated Open-chain Derivatives,” 
and the other “ The Formation and Stability of spiro-Compounds,” 
it is proposed to describe experiments the object of which is to 
ascertain the effect of substituents, whether in the form of separate 
groups or of spirane rings, on the ease of formation and on the 
stability of the different types of homocyclic ring. The series of 
papers of which this is Part I will contain a d¢scription of certain 
extensions into the heterocyclic series of the same general investi- 
gation. 

The examination of heterocyclic substances from the point 
of view which has already been illustrated in the case of a number of 
homocyclic compounds (T., 1921, 119, 305, 951, 2001; also T., 
1915, 107, 1080; 1919, 115, 321; 1920, 117, 1579) appears to 
offer advantages which reach beyond the mere generalisation of 
those broad principles, which, we believe, may now be regarded as 
having been fairly well established, so far as concerns their qualita- 
tive aspect, in the homocyclic series. The great difficulty in the 
homocyclic series is to find methods of ring formation or ring 
fission which are generally applicable, exempt from the cruder kinds 
of objection, and, at the same time, capable of yielding results 
having some claim to quantitative accuracy. It would be quite 
impossible, for instance, to study at the present time the dynamics 
of a reaction such as that by which caronic acid is produced from 
«-bromo-88-dimethylglutaric acid by the action of alkalis; not 
only because the analytical methods are lacking, but also because, 
in order to ensure that the change shall proceed even mainly in the 
required direction, it is necessary to employ conditions under which 
the reaction is completed in afew moments. This difficulty relating 
to velocity measurements has been partly overcome (Ingold, T., 
1921, 119, 305) by allowing a standard side reaction to compete 
with ring formation, and then, after completing the reaction, 
estimating the proportions in which the various products have been 
formed. ‘This process, however, generally involves a separation 
which has to be elaborated before it can be applied and is often 
exceedingly troublesome to carry out; quite sagneny the results 
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are spoiled owing to the practical impossibility of accounting for 
the whole of the material; in any case, months are generally 
required to produce a result comparable with that which might be 
obtained in a few minutes in more favourable circumstances, for 
example, by means of a single titration. The study of heterocyclic 
compounds appeared to offer the opportunity sought of obtaining 
quantitative results which might form, not only a more stringent 
test of the hypotheses previously advanced, but a!so, quite con. 
ceivably, a definite basis for future modification and development. 
Lactones, lactams, cyclic anhydrides, imides, and ureides are all 
types of heterocyclic ring which it is possible to open and close 
smoothly and without the formation of by-products. If an alkali 
is used to open the ring and the open-chain substance is a carboxylic 
acid, the progress of the reaction should be capable of being followed 
merely by estimating the absorption of alkali. This is the method 
employed in the present investigation, and the results obtained 
fully justify (so we believe) the departure which has been made in 
order to secure them. 

In the first of the series of papers (T., 1921, 119, 305) relating to 
the formation of simple homocyclic rings (as opposed to spirane 
rings, p. 1179) the hypothesis was advanced that the disposition of 
atoms around a central carbon atom is determined by their relative 
volumes ; that, for instance, the carbon atoms (a) and (b) in the group- 


(A.) " a aad -.« ie oe (B.) 


(a) RY \C (d) ANS (b) 
ing (A) approach one another more nearly the greater the atomic 
volumes of the groups R (c and d). However the matter is viewed, 
whether as a transmission of strain across the carbon atom or as a 
sharing-out of the space around it, it is this phenomenon which lies 
at the root of the remarkable influence which the groups R exert 
on the tendency of the two carbon atoms C to enter into the formation 
of aring. The quantitative expression of this view takes the form 


cosec 6 = 1+ p(l — V6p+ p)/(l—4p +72). . - (i) 
where p is the ratio of the atomic volume (Traube) of R to that of C. 
The general character of this relationship is plain: if p = 1, then 
26 = 109-5°; if p<1, then 20>109-5°, and if p>1, then 20<109-5; 
26 will differ from 109-5° the more the greater the difference of p 
from unity. The tendency of groups attached to the carbon 
atoms (a) and (b) to interact with the formation of a ring should 
therefore be governed by the atomic volumes of the groups R 
according to a perfectly definite law, and the experiments which, 
up to the present time, have been carried out on ring-formation in 
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these cases fully bear out the general character of this conclusion. 
However, for the reasons indicated above, it has not previously 
been possible to trace any quantitative agreement with the precise 
form of the function on the right-hand side of equation (i). 

If the original grouping is of the form (B) the equation for the 
natural angle between the valencies joining the central carbon atom 
to the carbon atoms (a) and (bd) is 

cosec 6 = 1 + 4(VW9p? + 18p — 3 — 3p — 1)/(8p — 1). (ii) 
which shows that the divergence of the angle 26 from 109-5° when 
p differs from unity is much smaller than in the cases to which 
equation (i) applies. The type of variation is, however, the same. 
The experiments which have been instituted on the tendency to 
ring formation in cases covered by equation (ii) are still in progress, 
but enough work has been done to show that in this field also there 
is good agreement with theory, so far, at least, as it is possible to 
ascertain by the experimental methods employed. 

It should be pointed out that equations (i) and (ii) are not in- 
dependent. Both have a common origin in the same hypothesis ; 
both are particular cases of the same general formula, which it has 
not yet become necessary to consider in detail. 

When the grouping is of the cyclic polymethylene form, 

C (a 
(CH), SCS <—— 26, 

/ NO (b) 
the atomic volume hypothesis ceases to apply. The geometry of 
the carbon ring is now the dominating factor, and by postulating 
the equal distribution of the available space external to the ring the 
relation 

cos 6 = }(Vsin?x /n +8—sina/n) . . . . (iii) 

is found. This formula, like the others, expresses the facts to 
which it applies at least as exactly as the experimental methods 
hitherto employed are capable of ascertaining them, and it may be 
taken on the recorded evidence as a fairly good indication of the 
relative inclinations of the valencies emanating from a carbon 
atom of a polymethylene ring, and of the relative tendencies to 
the formation of a second ring joined to the first by a single common 
carbon atom. 

Equation (iii), it is necessary to observe, has nothing in common 
with equations (i) and (ii). Its hypothetical origin and mode of 
derivation are entirely distinct, and on this circumstance it is 
possible to base a stringent test of the validity of the assumptions 


which have been made. The only justification which the formule 
TT2 
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have had hitherto is that each faithfully expresses the facts to 
which it alone is intended to apply; but, if in addition to this it 
could be shown that the three formulze meet in harmony on common 
ground and that each sets up the same identical scale of values by 
means of which the angle 26 can be connected with quantitative 
experimental data, then, since such an agreement could scarcely 
arise by accident, one could not but conclude that the ideas which 
have been evolved regarding the influence of attached groups and 
rings on the formation and stability of ring compounds contain, in 
all their main essentials, a very considerable element of truth. 
One might, for instance, investigate dynamically the velocities 


of formation of, let us say, a series of some half-dozen ring compounds § 


of the same general type : 


R x 
Putt Nal 
” eae — Pl a 


the only difference between the individual cases being the difference 
in the groups R, R’. Suppose that the reactions are all unimole- 
cular, giving definite velocity constants. Then, since R and R’ 
are independent atoms or radicles, equations (i) and (ii) enable one 
to calculate the angle 20, against which the velocity constants 
could be plotted. Previous experience suggests that-all the points 
obtained in this way should lie on a smooth curve. On the other 
hand, one might investigate the formation of a series of spiro- 
compounds, 
Xx’ yx 
(CHy)n-1 CC 2 29 —> (CH,).-1> oar 


and plot the velocity constants against the angles 26 calculated 
from equation (iii). To judge by previous experience, these points 
also should lie on a smooth curve. The important point, however, 
is that if (and only if) all the main assumptions of the theory are 
essentially correct, the two curves should be coincident. In the 
present paper, it is shown that for one reaction at least they really 
are coincident, and that a series of substances so chosen that some 
fall within each of the classes to which equations (i), (ii), and (iil), 
respectively, apply give points lying remarkably well on a single 
smooth curve. The precise character of the function represented 
by the curve forms a difficult subject which we do not propose to 
discuss until some further curves of the same kind shall have been 
traced; nevertheless, the agreement between the different methods 
of calculating 26 is sufficiently noteworthy to render almost in- 
evitable the conclusion that the values obtained are essentially 
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accurate and represent quantities having physical reality as well as 


chemical significance. 
In the present investigation, the following groups are compared : 


(a) Two falling within the class covered by equation (i), namely, 
HS 0< 29 = 115:3° and yp5>CL26 = 109.5°; 

(b) one covered by equation (ii), namely, ood 26 = 112-5°; 

(c) two of the class covered by equation (iii), namely, 
iy >c< 20 = = 116-9° and CH, re. > C< 26 = 113-0°; 

a) one covered by a modified yd of equation (i), namely, 
Ect 26 = 107° (approx.). 


It will be noticed that the values of 26 for one or other of the groups 
representing every one of these classes (excepting the fourth) lie in 


} between the values for members of the other classes. This, of 


course, was a condition which it was essential to fulfil in selecting 
substances for investigation; otherwise, when the reaction velocities 
were determined, the constants, k, corresponding with each class of 
compound would give assemblages of points on different parts of 
the k-§ curve, and the uncertainty of interpolating between these 
groups of values would seriously have weakened any positive 
inference as to the identity of the function represented. 

As long ago as 1865, Baeyer prepared hydantoin and showed 
that it reacts very smoothly with hot alkalis, giving salts of hydantoic 
acid by fission of the ring (Annalen, 1865, 130, 160). Andreasch 
was the first to prove (Monatsh., 1902, 23, 810) that in acid solution 
the reverse reaction could be realised; that hydantoic acid passed 
back again into hydantoin on heating with hydrochloric acid : 


NH:CO =. NH-CO-NH, 
= <co-3 NH “xcia._ _ <0, H x 

These reactions, particularly the first, which proceeds at a consider- 
able velocity even in a moderately dilute alkaline solution, seemed 
eminently suited to quantitative examination, and it was for this 
reason that hydantoins were chosen as the subject of this, the first 
of this series of investigations. Hydantoin is a neutral substance 
(compare p. 1193, however), whilst hydantoic acid is strongly 
acidic; hence the progress of ring-formation can be followed by 
titration. Consideration shows that there are but few types of 
heterocyclic nitrogen compound which so well fulfil the conditions 
required for a quantitative investigation of this character. 

In the experimental part of this paper, therefore, will be found a 
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series of measurements which has been made on the velocity of 
fission by alkalis of hydantoin (I), three alkylhydantoins, namely, 
5-methylhydantoin (IT), 5: 5-dimethylhydantoin (III), and 5: 5. 
diethylhydantoin (IV), and two spirane derivatives, namely, 


H. _ _NH-CO CH,__, NH-GO 
1) >C<o9.NH HoC<co-nH 
CH, -NH-CO CH, NH-CO 
ML) oH >C<co.NH CH. °<co-nH 


5-cyclopropanespirohydantoin (V) and 5-cyclobutanespirohydantoin 
(VI): 


., CH NH-CO CH, . NH-CO 
0) br? C<9.4H CH<oH.>C<co-NH 


The two spirvohydantoins had not previously been prepared, 
and are described in the experimental part of this paper. It is 


(VI) 


obvious that the classic method of preparing 5-substituted hydan- — 


toins, namely, condensing an aldehyde or ketone with hydrocyanic 
and cyanic acids : 

, iw-NH'¢O 

RR’'CO + HCN + HCNO = RR C<co-NH 


cannot readily be applied to the preparation of the spiro-compounds 
owing to the great difficulty which attends the preparation of 
cyclopropanone and cyciobutanone in any considerable quantity. 
We have found, however, that these spirohydantoins can be pre- 


pared very easily and in any desired amount from the esters VII) 


nt) CHa. ,-COsEt _CH, CO,Et 
WT) by 7 °<co, Kt CHS oH, C<co,ee 


and VIII, which Perkin obtained by the action of ethylene and 
trimethylene bromides on ethyl] sodiomalonate (T., 1885, 47, 810; 
1887, 51, 2). These esters, on treatment with ammonia, give 
diamides which Dox and Yoder have recently described (J. Amer. 
Chem. Soc., 1921, 43, 677, 2097). The diamides (1X and X), when 
mixed with the correct amounts of bromine and sodium hydroxide, 
are quantitatively converted into sparingly soluble N-dibromo- 
diamides (XI and XIT), which/ on treatment with methyl alcoholic 
sodium methoxide, give the required hydantoins (V and VI) in 
quantitative yield : 
. H,~ , CO-NH, CH, CONH, 

(x) ee C<co-nH, CH<oH >C<co.nu, © 


_. CH, CONHBr CH, ,-CONHBr 
aie i> C<conwnpr = C8x<oH,?°<co.nupr &™) 


€R,< 


‘In 


- 
pions. 
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ATY 
ity of | The last reaction is a singular one; it evidently involves a 
mely Hofmann change affecting one only of the two amide residues. 


5.» | One must also assume that a “ spontaneous ” reduction with the 
formation of hypobromite occurs at some stage of the reaction, 
which probably takes some such course as the following : 


) CO-NHBr N:CO NH-CO NH-CO 
€2.<co.nHBr > CB2<co-wHpr > CP2<co-WBr? CBe<co- NH’ 


V.) | In spite of its complex character, however, the reaction appears to 
) be of very general application and cannot fail to prove valuable for 
ntoin | the preparation of 5-substituted hydantoins. Most of the dimethyl- 
hydantoin (III), and all the diethylhydantoin (IV) required for 

this research were prepared from the respective dibromodiamides 


VI. 
: | (XIII and XIV): 
ared, ; (XIIT.) CMe,(CO-NHBr), CEt,(CO-NHBr), (XIV-) 
It is | Fission of the hydantoins takes place best in the presence of a 


ydan- | moderate excess of alkali, which should be sufficiently diluted to 
yanic § prevent further decomposition resulting in the formation of 

' carbonates. The essential reaction is an ionic one : 

| CO:-NH ; CO,’ 

CRyy.¢o + OH’ = CRe<yy.co-NH,’ 

unds BA retrograde reaction is possible, but we are entitled to commence 
e of by assuming that it does not occur to any appreciable extent in the 
any. presence of the large concentration of hydroxyl ions employed. 
| Pre- Tf this supposition be not true, then the fact will become plain when 
VILE the attempt shall be made to calculate the velocity constants. Let 
ty be the initial concentration of the hydantoin and yp that of the 
hydroxyl ions, both being reckoned in gram-equivalents per litre. 
Then, since # is greater than 24, the concentration y of hydroxyl 


IL.) 


and f : é ita yet 

810: — ions at ¢ minutes from the commencement of the reaction is given 
. — by ¥ — % + 2, where x is the concentration of hydantoin. For 

give in A. 

mer, P22 irreversible change we have 


vhen — dxjdt = kxy = kx(yg — % + 2); 
side, F the integrated form of which, obtained by splitting into partial 
m0 F fractions, is 


yi loge (Yo — % + #) — loge « = kt(yg — %9) ++ constant, 


| or, using the values corresponding with ¢ = 0, 
ee Yo—%mte “o| 
" ~— t(Yg — Xp) loge - x " Yol 
The values of & calculated from this formula are moderately con- 
1.) § stant, so that the introduction of a correction for reversibility seems 
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unnecessary. In computing the following results, a proportional 
number, k’ = 100k/log.10 is employed to avoid arithmetic : 


,_ __ 100 Yo—%t% “J 
W = a 80 | ote 4]... 


Fig. 1 shows a series of curves representing the results tabulated 
in the experimental part of this paper for the rates of fission of the 
six hydantoins which we have investigated. Along the vertical 
axis are plotted the quantities of hydantoin, reckoned in units per 
cent. of the initial amount, remaining unchanged at different times 
from the commencement of the reaction. The times are plotted 
in minutes on the horizontal axis. Of all the substances examined, 
cyclopropanespirohydantoin is the most easily decomposed by 
alkali; the curve representing the velocity of its fission is most 
nearly vertical. Next comes hydantoin itself, then cyclobutanespiro- 


Fia. 1. 
~~ 
as Ditth thy dan tein 
= sof 
a 
nena 
. a ental 
a ~ 
ae 
*. 
4 
zs , 
s « %, | 
E SQ nt | 
3 20 bas 
° . , re . 1 1 P . 2 iii 2 . 
30 wo 70 100 2350 woo BOO wreatts, 


oo 


hydantoin, then monomethylhydantoin, then dimethylhydantoin, 
and finally diethylhydantoin, which undergoes fission nearly one 
hundred times more slowly than the cyclopropane derivative under 
the experimental conditions employed. This order, it will be noted, 
is precisely that which might have been arrived at from the values 
of 26 for the different substances, despite the fact that distinct 
methods of calculation are employed for the simple-ring compounds 
and for the spiro-compounds. Not only, however, is the order of 
the various substances that which theory requires, but there appears 
to be an extremely simple relationship subsisting between the 
stabilities of the substances, as represented by the velocity constants 
for their fission to hydantoic acids, and the calculated magnitude 
26; for if the logarithm of the velocity constant be plotted against 
26, a straight line will be obtained. 

This result, which is exhibited in Fig. 2, is very singular. On 
general grounds one would have expected to obtain a curve tending 
towards a minimum, but it is quite possible that if means were 
found of extending the curve in the direction of diminishing values 


ios: 2 _ 2. 
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of 6, some signs of the existence of a minimum would appear. 
However, over the range covered by the experiments, the rectilinear 
relationship appears to hold with considerable accuracy, as the 
following calculation of logy, k’ /(26 — 110-7) shows : 


logiok’ 
28. log, 9%’. 20—110°7 
cycloPropanespirohydantoin ...  116°9 13°8 +1:14 0°18 
Hydantoin ............sseeeeeeeeeeees 115°3 11-2 + 1:05 0°22 
cycloButanespirohydantoin ...... 113-0 2°63 +0°42 0°18 
Methylhydantoin ...............+65 112°5 2°28 +0°36 0-20 
Dimethylhydantoin ............... 109°5 0°551 — 0°26 0°21 
Diethylhydantoin ..............0+++ 107-0 0-146 — 0°84 0:22 
Fic. 2 
hs 
cycloPropan € spirohydanlot n 
+10 + Hydanfoin 
105 + cycloBulane spirohydantorn 
Methythydantor n 
ek 
* Dimethythydanlain 
SL -05}+ 
Diethythydanloin 
--O + 
<5 4 4 4 4 4. rn 4 - rn 
420 “3 46 w4 wo ws we 10F degrees. 


“2 
~ 20 
In every case the value is close to 0-20. It does not seem possible 
at the present time to understand the full significance of this 
relationship. Nevertheless, the fact that such a simple and uniform 
function does exist appears to indicate in the most definite manner 
that the views by which we have hitherto been guided in these 
researches on ring stability are likely to remain tenable in essence 
if not in detail. 

We referred on p. 1182 to the difficulty which attends the pre- 
paration of cyclopropanone. About one year ago one of us, in 
connexion with another investigation, prepared a small amount of 
this substance and characterised it by means of its semicarbazone 
(Ingold, T., 1921, 119, 314). Since cyclopropanone would form a 
valuable starting-point for the preparation of spiro-compounds if 
it could be obtained in quantity, we considered it well worth while 


to ascertain whether cyclopropanespirohydantoin (V), which can 
o- 
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easily be obtained in large amount by the method described, could 
be converted into cyclopropanone by any convenient means. It 
seemed that the hydantoic acid (XV) formed by fission with alkalis 
would undergo hydrolysis by means of nitrous acid to give an acid 
(XVI) which should spontaneously lose carbon dioxide, yielding 
l-aminocyclopropane-l-carboxylic acid (XVII). This could be 
successively converted into its ester (XVIII) and amide (XIX) 
and the latter treated according to the Hofmann method with 
bromine and alkali. The bromo-compound (XX) produced in 
this way should pass on treatment with excess of alkali into a 
carbimide (X XI) and then a diamine (XXII), which would almost 
certainly be unstable under the conditions of the experiment and 
would lose ammonia, giving first the imine (XXIII), and finally, 
possibly on acidification, the ketone (XXIV) : 


CH, GQ NH-CO CA, o NH-CO-NH, 
C< — Cc< 
bu “<co-kn bu? °<co,# — 
(V.) (XV.) 
CH NH-CO,H _, CH, NH, CH, NH, 
C —> FErsocNHs _, THasoc ait 
i> <co, H bu.7°Sco,H ~ én,7°Sco,kt 
(XVI) " (XVII) “(XVIIL) 
oH NH, _, CHy,,cNH, CHyS gg NH, 
C C me, >O — 
H <cos ‘NH, CH, > CNCONHB: ¢ <x:co 
(XIX.) (XX.) * (XXI.) 
CH ¢ Cont: esc 
CH, om + > ae 
(XXIL.) (XXIIL.) (XXIV.) 


The fission of the hydantoic acid (V) by alkalis has already been 
alluded to. A quantitative yield of the hydantoic acid (XV) may 
be obtained by using aqueous or alcoholic potassium hydroxide, 
which is rather more convenient for large-scale work than barium 
hydroxide, the alkali employed in the quantitative experiments. 

It will be recalled that the monoalkylearbamides (R-NH-CO-NH,), 
to which class the hydantoic acid (XVI) belongs, generally react 
with nitrous acid in two ways: in the first place, the secondary 
amido-group may be attacked with the formation of a nitroso- 
compound (reaction A); on the other hand, the primary amido- 
group may be attacked, the initial product being an alkylearbamic 
acid (reaction B), which spontaneously loses carbon dioxide, giving 
a primary amine : 

ceoctiO™ a) > NH,°CO-N(NO)R 
re ei ee 
NH,CONHR=— 


(reac) 
ation 7) se 


N,+H,0+C0,H-NHR —> CO,+-NH,'R. 
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Reaction A may become reversible under certain conditions, but 
the irreversibility of reaction B is determined by the elimination of 
carbon dioxide and nitrogen as gases. When R is a methyl group, 
reaction A is the principal one, the formation of methylamine by 
reaction B taking place only to a very slight extent. The same 
holds true when R is a secondary group, such as ethyl. Tertiary 
groups do not appear to have been closely investigated in this 
connexion, but it is to be expected that reaction B would become 
easily appreciable in such cases; for in the hydantoic acid (XV) a 
quaternary grouping represents R, and in this case reaction B is 
the predominating reaction; the amino-acid (XVII) is obtained in 
60 per cent. of the yield theoretically possible. At the same time, 
30 per cent. of the material can be isolated as a nitroso-compound 
(XXV, below) formed in accordance with reaction A, which, there- 
fore, is largely, but by no means completely, suppressed even in the 
presence of a quaternary residue. 

The hydantoic acid (XV) can easily be recovered from its nitroso- 
compound (X XV) by hydrolysis, using hot mineral acids. Nitrous 
acid is eliminated (by reversal of reaction A) and quickly escapes 
from the hot solution, although it remains dissolved long enough to 
enable a small amount to react with the other amido-group of the 
substituted carbamide, giving (by reaction B) the amino-acid 
(XVII), which is stable towards the reagent. 

Another decomposition of the nitroso-compound is that which 
takes place in the presence of alkalis. The general character of the 
decomposition of nitrosoalkylearbamides may be expressed as 
follows : 


NR(NO)‘CO-NH, —-> R‘NH‘NO Ga} 


ion D> R-OH + Ny 


croactl 


Rasta Ry<0+H, O[R=R,H] 


2 (reaction C) 


R:N-N-OH 


The first stage involves the hydrolysis of the carboxylamido-group 
(reaction C), and the second a tautomeric change (reaction D) into 
a “diazotate ’’ form, which may either lose nitrogen and give an 
aleohol (reaction Z), or lose water and form a diazoparaffin (reaction 
F). Hantzsch and Lehmann have isolated potassium methyldi- 
azotate (CH,*N:N-OK), and have shown that diazomethane is the 
principal product of its decomposition (Ber., 1902, 35, 902). In 
this case, therefore, reaction F predominates over reaction HZ. It 
is obvious, however, that reaction F cannot take place when R is 
quaternary, since the formation of the diazomethane ring is not 


possible. In such a case, therefore, one might expect to isolate an 
TT*2 
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alcohol as the ultimate reaction product. In the case under dis. 
cussion, the main product is 1-hydroxycyclopropane-1-carboxylic 
acid (XX VI), the formation of which is to be attributed to the 
succession of the three reactions C, D, and EZ: 


CH,N, . -N(NO)-CO-NH, CH, pNH-NO 
C< —_ C 
CH, co, H CH, > <co, H 
(XXV.) “(U nstable. ) 
CH, oc N:N-OH 
CH,~  ~CO,H : 
"(Unstable.) (XXVI.) 


— 


— 


Although it is the main product, the hydroxy-acid is not the sole 
product, as a small amount of nitrous acid is eliminated (retrograde 
reaction A) with the formation of the original hydantoic acid (XY), 
which is stable to alkali of the concentration employed. 

The cycle of transformations, which is summarised for convenience 
in the following diagram, was completed by converting the amino. 
acid (XVII) into the hydroxy-acid (XXVI) by means of nitrous 
acid : 


NH-CO < {(NO)-CO-NH, — NH-NO _. N:N-O} 
PC<o0. NH (HCl) PE<CO, H + OH) >c<¢o, . = >l<C0, H 


nN 
(Hcl) | | (KOH) 


Y 
NH-CO-NH, —-» TH-C 
>C<CO,H * (ENO,) . —CcOo 5 >e<oo. H GENO, 35 >e< 00g 


We are not yet in a position to make a definite statement with 
regard to the action of bromine and alkali on the amino-amide 
(XIX), which was easily obtained by esterifying the amino-acid 
(XVII) and digesting the amino-ester with aqueous ammonia. 
The attack of the bromine appears to begin on the amino- rather 
than on the amido-group, and the reaction is consequently a deep- 
seated one. In any case, there seems little hope that cyclopropanone 
will be obtained by this means, as we have searched in vain for this 
substance amongst the products of decompositions carried out 
under a great variety of conditions. 

Experiments on the hydroxy-acid (XX VI) met with rather bette 
success. When it is warmed with concentrated sulphuric acid, 
large volumes of carbon monoxide are evolved and propionic aci 
is formed in the solution. cycloPropanone is evidently an inter 
mediate product in this decomposition : 


H, 
H,-CO,H 


CH, , we ' C 
4,7 C(OH) cO,H —> HCO a 
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for it can be isolated in small yield if the mixture is poured into 
boiling water at an early stage of the reaction. 


EXPERIMENTAL. 


(A)—Preparation of cycloPropane- and cycloButane-spirohydantoin. 


As stated in the introduction, these spirohydantoins are capable 
of being produced in almost quantitative yield from the diamides 
of cyclopropane- and cyclobutane-1: 1-dicarboxylic acid. Both 
these diamides have recently been described by Dox and Yoder 
(loc. cit.), but as it was essential for the present investigation to 
discover the conditions for obtaining the greatest yields, a short 
description of the process which has been evolved may be useful. 

Ethyl cyclopropane-1 : 1-dicarboxylate was prepared by condens- 
ing ethylene dibromide with ethyl sodiomalonate as described by 
Perkin (T., 1885, 47, 810). It reacts with ammonia in two distinct 
stages, yielding first an ester-amide and then a diamide. 

Ethyl cyclobutane-1 : 1-dicarboxylate was prepared from «y-di- 
bromopropane (trimethylene dibromide) and ethyl sodiomaionate. 
The experimental details were those described (T., 1887, 51, 2) by 
Perkin. The two stages of the interaction with ammonia were less 
definitely marked than in the preceding instance, and the ester- 
amide could not be isolated. 

Ethyl cycloPropane-1-carboxylamide-\-carboxylate, 

CH, CO-NH, 

bn. °<co,nt * 
—Dox and Yoder did not observe the formation of this compound 
by the action of ammonia on ethyl cyclopropanedicarboxylate. 

The ester (5 grams) was shaken with concentrated aqueous 
ammonia (15 grams; d 0-880) at room temperature. After three 
orfour hours, crystals of the ester-amide began to separate, although 
the diethyl ester passed into the solution only after a period of from 
twelve to eighteen hours. The best yields of the ester-amide 
(35—40 per cent.) were obtained by filtering after six or eight hours 
from the start, that is, before the whole of the original ester had 
passed into solution. The product separated from acetone as 
colourless leaflets which melted at 125° (Found : C = 53-5; H = 7-1. 
C,H,,0,N requires C = 53-5; H = 7-1 per cent.). 

cycloPropane-1| : 1-dicarboxylamide (1X).—This substance was 
prepared and characterised before the appearance of Dox and 
Yoder’s papers. The following method for its preparation was 
evolved as the result of a large number of comparative experiments. 

Ethyl cyclopropane-1 : 1-dicarboxylate (75 grams) was mixed 
with concentrated aqueous ammonia (375 grams; d 0-880) and 
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shaken occasionally during three days. As before, the ester-amide 
commenced to separate in large plates after about four hours. The 
diethyl ester passed into solution after from twelve to twenty-four 
hours, and, a short time later, the diamide began to crystallise in 
small needles, whilst at the same time the large crystals of the ester. 
amide gradually redissolved. The diamide, which was collected on 
the fourth day, was almost pure. The yield was 72 per cent. of the 
theoretical; six-sevenths of it was obtained by direct filtration, 
whilst the remainder was recovered from the filtrate by evaporating 
to dryness at room temperature and crystallising the residue from 
alcohol. 

The diamide can be prepared more quickly, although the yield 
is smaller (55 per cent. of the theoretical), by heating the ester with 
five times its weight of concentrated aqueous ammonia at 50° for 
four hours. 

The diamide separates from ethyl alcohol in long, well-formed 
needles which melt at 192—194°. It is easily soluble in hot water 
and in hot alcohol, but less soluble in acetone and almost insoluble 
in benzene, chloroform, or ether (Found: C= 46:5; H= 65; 

= 22-3. Calc., C = 46:9; H = 6-3; N = 21-9 per cent.). 

cycloPropane-1 : 1-dicarboxylbromoamide (X1I).—A solution of 10 
grams of potassium hydroxide in 90 c.c. of water was gradually 
added with shaking to a mixture of 10 grams of the above diamide 
with 25 grams of bromine. The reaction mixture quickly set toa 
paste of small, pale yellow crystals, which were washed with cold 
water. The yield was 90 per cent. of the theoretical. 

This compound is almost insoluble in cold water. Solutions of 
it in ethyl alcohol and ethyl acetate are unstable and quickly 
decompose forming the original diamide. The sample which was 
analysed was obtained by crystallising as quickly as possible from 
glacial acetic acid. It decomposed without melting at about 163° 
(Found: N=98; Br= 55-9. C;H,O,N,Br, requires N = 9'8; 
Br = 55-9 per cent.). 

5-cycloPropanespirohydantoin (V).—Twenty grams of cyclo- 
propanedicarboxylbromoamide were added to a cold solution of 
sodium methoxide prepared by dissolving 6-5 grams of sodium in 
70 grams of absolute methyl alcohol. During the addition of the 
bromoamide the reaction mixture was kept cool, but when the 
whole had been added the temperature was allowed to rise. It rose 
slowly at first and then very rapidly, and the methyl alcohol boiled 
violently for a few seconds while sodium bromide was precipitated. 
After heating for five minutes on the water-bath, the solution was 
neutralised with glacial acetic acid and then evaporated to dryness. 
The residue on extraction with acetone gave an extract which 
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deposited the hydantoin on concentration. The yield was 8 grams, 


or 90 per cent. of the theoretical. 
The hydantoin is easily soluble in warm water, from which it 


It is very soluble in methyl or ethyl 
alcohol, but less so in ethyl acetate or acetone. It is a weak acid, 
giving a silver salt, and a sodium salt stable in the presence of small 
excess of sodium hydroxide. Concentrated aqueous solutions are 
capable of decolorising faintly basified phenolphthalein, but dilute 
solutions have not this property. The melting point is 214° 
(Found: C=474; H=5-1; N= 22-0. C;H,O,N, requires 
C= 47-6; H = 4-8; N = 22-2 per cent.). 

Dibromo-derivative of 5-cycloPropanespirohydantoin. — The 
hydantoin (1 gram), bromine (3 grams), and a small quantity of 
iodine were heated together for three hours in a sealed tube at 
120—130°. The solid product was washed with chloroform and 
crystallised from ethyl acetate, from which it separated in colourless 
needles. The yield was 2-1 grams, or 93 per cent. of the theoretical. 
On heating, the substance decomposes, without melting, at 224— 
225° (Found: N=100; Br= 57-0. C;H,O,N,Br, requires 
N= 9-9; Br = 56-3 per cent.). 

cycloButane-1 : 1-dicarboxylamide (X).—This substance was pre- 
pared like the cyclopropane analogue excepting that it was necessary 
to leave the reaction mixture for one week before filtering, and that 
a temperature slightly above atmospheric temperature was desirable. 
The amide, obtained in 66 per cent. yield, although almost pure, 
was crystallised for analysis from ethyl alcohol, from which it 
separated in small needles melting at 275—277° (Found: C = 50:5; 
H = 7-2. C,H, ,0,N, requires C = 50-7; H = 7-0 per cent.). 

cycloButane-1 : 1-dicarboxylbromoamide (XII)—This compound 
was prepared, like its cyclopropane analogue, from 17 grams of the 
above amide, 42-5 grams of bromine, and 15 grams of potassium 
hydroxide dissolved in 135 c.c. of water. It forms small, pale 
yellow needles, which decompose without melting at 160° (Found : 
Br = 53-6. C,H,O,N,Br, requires Br = 53-3 per cent.), and is in 
other respects very similar to its lower ring-homologue. 

5-cycloButanespirohydantoin (V1).—This substance was prepared, 
like the cyclopropanespirohydantoin, from 28 grams of the above 
bromoamide, 8-6 grams of sodium, and 90 grams of methyl alcohol. 
If, after being neutralised with acetic acid, the solution is diluted 
with 1-5 times its bulk of water, most of the hydantoin crystallises 
and may be collected, but, as a small amount remains in solution, it 
is better to evaporate without adding water. A 90 per cent. yield 
of the hydantoin can be obtained from the residue by extraction 


with acetone. 
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cycloButanespirohydantoin crystallises from water in well-formed 
needles, which melt at 225°. Its properties are generally similar 
to those of the lower homologue (Found: C = 51:5; H = 5-7. 
C,H,O,N, requires C = 51-4; H = 5-7 per cent.). 


(B)—Preparation of the 5-Alkyl- and 5: 5-Dialkyl-hydantoins. 


5-Methylhydantoin was prepared for the investigation described 
in section C by the process described by Heintz (Annalen, 1873, 
169, 125) and by Urech (Ber., 1873, 6, 1113) excepting that aldehyde 
itself was used in place of aldehyde-ammonia. Equivalent 
quantities of acetaldehyde, sodium cyanide, and potassium cyanate 
were allowed to react in a cold aqueous solution containing an excess 
of sulphuric acid. After twenty-four hours the liquid was neutralised 
and evaporated and the residue worked up for the hydantoin. 

5 : 5-Dimethylhydantoin was prepared from acetone, cyanic acid, 
and hydrocyanic acid in the manner described by Urech (Annalen, 
1872, 164, 264). The process is a very convenient one and scarcely 
requires improvement, but in order to show that the method 
resorted to in order to obtain the spirohydantvins is of general 
application, we prepared both 5: 5-dimethylhydantoin and 5: 5- 
diethylhydantoin by a similar process. The starting substances 
were dimethylmalonamide and diethylmalonamide (Fisher and 
Dilthey, Ber, 1902, 35, 844). 

Dimethylmalonbromoamide (XIIi)—A mixture of the amide 
(5 grams) with bromine (12 grams) was treated with 40 c.c. of a 
3N-solution of sodium hydroxide. The crystals which separated 
were collected, washed with water, and dried at 100° (Found: 
Br = 55°6. C;H,O,N,Br, requires Br = 55°6 per cent.). 

This substance forms small, pale yellow needles which decompose 
without melting at about 157°, the exact temperature depending 
on the rate of heating. It is rather more soluble than its cyclic 
analogues, which in other respects it closely resembles. 

5 : 5-Dimethylhydantoin (I11).—This substance was prepared from 
the above bromoamide and sodium methoxide exactly as the 
cyclopropanespirohydantoin was prepared from the cyclopropane 
bromoamide (XI). It was obtained in a very pure form (m. p. 
175—176°) by sublimation through filter-paper (Found : C = 46:7; 
H = 64. Cale., C= 469; H = 6° per cent.). 

Diethylmalonbromoamide (XIV).—A mixture of diethylmalon- 
amide (4 grams) and bromine (8 grams) was treated with 27 c.c. of 
3N-aqueous sodium hydroxide. The crystalline product decom- 
posed without melting at about 160°, and in general properties 
closely resembled the dimethyl analogue (Found: Br = 50°8. 
C,H,,0,N,Br, requires Br = 50°6 per cent.). 


i a 
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5:5-Diethylhydantoin (IV).—This substance was obtained from the 
above bromoamide by treatment with sodium methoxide as described 
for the preparation of the other hydantoins. The product was 
identified by analysis (Found: C=539; H=79. Calc., 
¢ = 53:9; H=7-'7 per cent.) and by its melting point (165°), 
which was that recorded by Errera (Gazzetta, 1896, 26, i, 210). 


1(C)—The Relative Stability of the Hydantoins : Measurement of the 


Velocities with which they undergo Fission in the Presence of 
Alkalis giving Hydantoic Acids. 

In general, hydantoic acids are comparatively strong acids; 
they liberate carbon dioxide from sodium carbonate and can be 
titrated with accuracy. Hydantoin, however, and the alkyl- and 
spiro-hydantoins described above, are all weak acids, and, although 
they do nat liberate carbon dioxide from a carbonate, they affect 
litmus and decolorise phenolphthalein reddened by a small trace of 
alkali. It. was necessary, therefore, to ascertain the conditions 
under which a hydantoic acid can be estimated accurately by 
titration in the presence of a hydantoin. So far as could be judged 
by the tints given with British Drug Houses’ “ universal indicator,” 
all the hydantoins had dissociation constants of the order of 10". 
A N/10-solution should therefore contain 10 grams of hydrogen 
ions per litre, and should be almost neutral, since this figure approxi- 
mates to the concentration found in pure water. In N/10- to 
V/100- solutions, therefore, it should be possible to titrate a hydantoic 
acid in the presence of a hydantoin, provided that the indicator 
turned at a hydrogen-ion concentration of 10 or less. This was 
found to be the case. 

A preliminary search for suitable conditions showed that at the 
temperature of the water-bath a moderate excess of N/2-alkali 
gave measurable velocities. Prolonged boiling with alkalis of this 
concentration was found to give rise to further decomposition 
according to the scheme : 


R,C(CO,H)‘NH-CO-NH, [—> R,C(CO,H)‘NH-CO,H] —> 
R,C(CO,H)-NH, + CO,, 


the intermediate product being highly unstable. This would, of 
course, vitiate results depending on the colour change of an indicator 
of the degree of sensitivity required, but it was found that by using 
barium hydroxide as the alkali the commencement of the secondary 
decomposition could at once be observed by the precipitation of 
barium carbonate; whenever a turbidity appeared, the experiment 
was stopped and the accumulation of worthless readings avoided. 
The original solutions were made up by dissolving 1 centigram- 


1194 INGOLD, SAKO, AND THORPE: FORMATION AND STABILITY 


molecule of each hydantoin in 20 c.c. of water and adding 80 c.c. of 
0°5N-aqueous barium hydroxide. In another. set of. experiments, (D} 
the 80 c.c. of barium hydroxide were replaced by 45 c.c. of the same 

alkali and 10 c.c. of water, so that the excess of alkali was only one.§ T 
third of that used in the former set. Samples of 10 c.c. capacity 
were allowed to flow out through a capillary tube (or forced out by§ 1 
oxygen from a cylinder if the pressure in the flask was not greater§} (V) 
than atmospheric pressure) on to a piece of pure ice mixed with 
15c.c. of standard hydrochloric acid, 0°2N, or 0°1N as the case might§ wa: 
be, and accurately balanced against the alkali, and then titrated aci 
with 0°05N-hydrochloric acid, using phenolphthalein. The titres} ati 
in c.c., when multiplied by 5, gave the quantity of hydantoin in abs 
units per cent. of the amount present originally (1002/x9). k’ was at 
then calculated by formula (i) on p. 1184. The following figures§ N 
refer to a set of experiments in which the initial concentration off H 


alkali was four times that theoretically necessary. 
Hydantoin. Methylhydantoin. alc 
t Titration t Titration evi 
(mins.). (¢c.c.). l0Or/x. k’. (mins.). — (¢.¢.). 1002z/25. ik’. re} 
2-0 17°0 82-0 11:0 5 17°9 89°6 2°40 
6:0 11°9 56°0 11°2 10 16-0 80-0 2°31 
10-0 8°7 400 109 20 13°3 665 233 § su 
15-0 6:0 25-0 11-4 30 11°0 55:0 2°31 ni 
20°0 4:2 16-0 11°6 50 8:4 42-0 2-06 ‘ 
30-0 2-1 80 = 11-0 70 5°6 230 6 2-22 SY! 
Mean 11:2 90 3°8 190 =. 231 It 
Mean 2°28 
pl 
Dimethylhydantoin. Diethylhydantoin. 
t Titration t Titration 0 
(mins. ). (c.c.). l00x/x. kh’. (mins. ). (c.c.). 100z/a,. &. 
10 19-0 95°0 0560 30 19-2 95°83 o157 § ™ 
30 17°2 86°0 0°557 60 18-4 92-0 0-157 (¢ 
60 14°8 74:0 0°563 120 17°3 86°5 0°136 W 
120 11-0 55°0 0°577 180 16-0 80-0 0°138 
180 8°7 43°5 0°547 240 14°7 73°5 0°144 T 
240 70 35°0 0°526 360 12-7 64°0 0-142 b 
360 4°3 21°5 0°529 Mean 0°146 ! 
Mean 0°551 
cycloPropanespirohydantoin. cycloButanespirohydantoin. . 
t Titration t Titration : 
(mins.).  (c.c.). 100z/xz. kh’. (mins.). (e.c.). l0Ox/a. k’. 
2°0 151 75°5 15°8 5 17°9 89°6 2°40 
6:0 10-0 50°0 13°5 10 15°7 78°5 2°71 
10-0 6°9 34°5 13°3 20 12°7 63°5 2°63 
15-0 3°9 195 136 30 10-0 500 = 2°69 | 
20:0 2°6 13°0 13-0 50 7:0 35:0 2°53 ; 
Mean 13:8 70 4°4 22-0 2°68 
90 2°8 14:0 2°77 
Mean 2°63 


The further reduction of these results is summarised on pp. 1184 
and 1185. 
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(D)—Derivatives of cycloPropane-1-carboxylic Acid. A mode of 
Formation of cycloPropanone. 


The starting point of this series of preparations was the cyclo- 
propanespirohydantoin described in section A. 

1-Carbamidocyclopropane-1-carboxylic Acid (XV).—The hydantoin 
(V) (10 grams) was heated with a solution of sodium hydroxide 
(9 grams) in water (150 c.c.) for one hour, after which the solution 
was cooled, acidified with 50 grams of concentrated hydrochloric 
acid, and allowed to evaporate at room temperature. The separ- 
ation of the product from sodium chloride is best effected by use of 
absolute ethyl alcohol, from which prisms, melting and decomposing 
at 200°, are obtained on evaporation [Found : C = 42°4; H = 5°9; 
N = 19°8; M (by titration) = 143°9. C;H,0,N, requires C = 41°7; 
H= 59; N = 19°5 per cent.; M = 144]. 

The substance is very soluble in water, and fairly easily soluble in 
alcohol. One litre of boiling acetone dissolves about 0°5 gram. On 
evaporation with hydrochloric acid, the original hydantoin is 
regenerated. 

1-Nitrosocarbamidocyclopropane-1-carboxylic Acid (XXV).—This 
substance is formed in 30 per cent. of the theoretical amount when 


- nitrous acid acts on the above carbamido-acid. A 60 per cent. 


yield of the amino-acid described below is simultaneously produced. 
It is not necessary, however, to isolate the carbamido-acid in the 
pure condition in order to prepare these substances. 

The solution obtained by boiling 10 grams of the hydantoin for 
one hour with 9 grams of sodium hydroxide dissolved in 150 c.c. of 
water was acidified with 65 grams of concentrated hydrochloric acid 
(d 1:17), cooled with ice, and then treated, with constant stirring, 
with a solution of 5°5 grams of sodium nitrite in a few c.c. of water. 
The brisk evolution of nitrogen and carbon dioxide was followed 
by the appearance of minute yellow crystals of the nitroso-compound. 
After keeping for half an hour at 0°, the suspension was filtered and 
the nitroso-compound washed with cold water, and purified by 
crystallisation from alcohol or acetone. The yield was 29 per cent. 
of the theoretical, calculated on the hydantoin employed. 

This substance forms small, yellow granules which decompose 
explosively at 160°. It is sparingly soluble in water, which hydro- 
lyses it, especially readily in the presence of mineral acids, to the 
original carbamido-acid and nitrous acid, a reversal of the reaction 
by which it is formed. On hydrolysis by alkalis it yields 1-hydroxy- 
cyclopropane-1-carboxylic acid with elimination of carbon dioxide, 
ammonia, and nitrogen (Found: C = 348; H=43; N = 24-0. 
C;H,0,N, requires C = 34°7; H = 4:1; N = 24:3 per cent.). 
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1-Aminocyclopropane-1-carboxylic Acid (XVII).—This substance 
is contained in the filtrate from the above nitroso-compound. The 
filtrate was evaporated to dryness and the residue washed with a 
little acetone to remove the small amount of carbamido-acid arising 
from the action of mineral acids on the nitroso-compound which had 
remained in the solution. The solid insoluble in cold acetone was 
extracted with cold ethyl alcohol, and the residue left from this 
solvent, with a large bulk of boiling acetone. On evaporating the 
acetone a residue of the almost pure hydrochloride of 1-aminocyclo. 
propane-l-carboxylic acid was obtained. It was purified by 
crystallisation from a mixture of ethyl alcohol and acetone, from 
which it separated in clusters of prisms melting and decomposing 
at 222° (Found: C= 347; H=56; N=108; Cl= 25. 
C,H,0,N,HCI requires C = 34°7; H = 5°8; N= 10:2; Cl = 258 
per cent.). The yield was 60 per cent. 

Ethyl 1-Aminocyclopropane-1-carboxylate (XVIII).—A_ solution 
of 10 grams of the above hydrochloride (crude, that is, extracted 
by alcohol but not purified with acetone) in 100 grams of ethyl 
alcohol previously saturated with hydrogen chloride was _ boiled 
under reflux for five hours, a stream of hydrogen chloride being 
passed continuously. The solvent was then evaporated and the 
residue taken up in acetone to eliminate the trace of sodium chloride. 
The residue from the acetone gradually became crystalline, and was 
purified by washing with a mixture of acetone and ether. 

This substance is the hydrochloride of ethyl 1-aminocyclopropane- 
l-carboxylic acid. It forms colourless crystals melting at 107°. 
It is very soluble in water, alcohol, or acetone, and is very hygro- 
scopic and difficult to crystallise (Found: N = 8°5. C,H,,0,N,HCl 
requires N = 8°5 per cent.). The yield was almost theoretical. 

1-Aminocyclopropane-1-carboxylamide (X1X).—The above hydro- 
chloride (24 grams) was dissolved in 70 grams of aqueous ammonia 
which had been saturated at —20°. The tube was then sealed and 
kept at 0° for two days, after which its contents were mixed with 
an equal bulk of alcohol and then evaporated to dryness in a vacuum. 
The residue was extracted with chloroform and the extract, after 
drying with potassium carbonate, was concentrated. On cooling, 
transparent needles or plates melting at 122—123° crystallised, the 
yield of the pure material being 7 grams, or 50 per cent. of the 
theoretical. 

The compound is very soluble in water, ethyl alcohol, or acetone, 
although less so in chloroform, ether, or benzene (Found : N = 28°1. 
C,H,ON, requires N = 28:0 per cent.). 

The hydrochloride was precipitated when dry hydrogen chloride 
was passed into a solution of the base in chloroform. On crystallis- 
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ation from alcohol, it formed small prisms which melted and decom- 
posed at 218° (Found : N = 204. C,H,ON,,HCl requires N = 20°5 
per cent.). 

1-Hydroxycyclopropane-1-carboxylic Acid (XXVI).—This sub- 
stance may be obtained by the action of alkalis on the nitrosocarb- 
amide or by the action of nitrous acid on the amino-acid. 

(i) Nitrosocarbamidocyclopropane-l-carboxylic acid (6 grams) 
was gradually added to an ice-cold solution of 4:1 grams of sodium 
hydroxide in 40 c.c. of water. The solid substance disappeared 
immediately with a brisk evolution of nitrogen. On acidification 
with 15 grams of concentrated hydrochloric acid (d 1:17), carbon 
dioxide was evolved, and on evaporating to dryness a residue was 
obtained from which the hydroxy-acid could be extracted with 
ether. The residue from the ether quickly crystallised, and on 
recrystallisation from benzene gave transparent plates or needles 
which melted at 109—110°. The yield was 1°8 grams, or 50 per 
cent. of the theoretical. 

A small quantity of the original spirohydantoin, evidently pro- 
duced during the evaporation from regenerated carbamido-acid, 
was also isolated. 

(ii) The hydrochloride of 1-aminocyclopropane-1-carboxylic acid 
was treated with exactly one equivalent of sodium nitrite. When 
nitrogen ceased to be evolved, the solution was extracted with 
ether, which on evaporation yielded the hydroxy-acid (Found : 
C=471; H=59. C,H,O, requires C= 471; H=5°9 per 
cent.). 

cycloPropanone (X XIV).—The above hydroxy-acid (1 gram) was 
dissolved in 3 c.c. of concentrated sulphuric acid and warmed until 
the evolution of carbon monoxide began to be vigorous. The 
mixture was then poured into a small amount of warm water 
contained in an apparatus for steam distillation, the conditions 
being such that the heat liberated caused a distillate to appear as 
soon as a small amount of steam, or, better, compressed air, was 
passed in. The distillate consisted of a dilute aqueous solution of 
cyclopropanone, which was isolated as its semicarbazone, identified 
by analysis (Found: C= 42°55; H=6-4. Cale., C = 42°5; 
H = 6-2 per cent.) and by comparison with the specimen previously 
prepared from glutaric acid (Ingold, loc. cit.). 

Propionic Acid—The sulphuric acid mother-liquors containing 
the less volatile products (from several of the above experiments) 
were extracted with ether, and the extract was decolorised at 100° 
with well-dried charcoal. On evaporation a pungent liquid re- 
mained, which was miscible with water in all proportions. This 
consisted principally of propionic acid, which was identified by 
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conversion into its anilide, m. p. 106° (Found : C = 72-4; H = 
N=91. Cale., C = 724; H=7:4; N = 9-4 per cent.). 


Part of the cost of this investigation has been defrayed by a 
grant from the Chemical Society. 
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CXLIV.—Benzopyrylium Salts of Distyryl Ketones. 
Part I. ' 


By Jonannes SysBranpt Buck and Istpor Morris HEILBRon. 


Ir has previously been shown (this vol., p. 1095) that it is apparently | 
impossible to isolate directly unsymmetrical polyhydroxydistyryl 
ketones by condensation of o-hydroxystyryl methyl ketone with 
the corresponding hydroxy-aldehyde in alkaline solution. It was 
therefore decided to prepare and examine, in the first place, the 
corresponding 2-styrylbenzopyrylium chlorides and then, if possible, 
transform these, through their bases, into the parent ketones, as 
represented by the following series of reactions, in which 4’-hydroxy- 
2-styrylbenzopyrylium chloride is taken as an example. 

CH CH 

TAN 
\/A\ZeCHCHK oH > \_A e-cH:cH 

0 Chloride. 9 Colour base. 

C] 

CH CH 
| i. Ca. =a 
—_ 
YOO OH OH e  @ OH 
he \/F¥ CH:CH\ \/ C CH-CH\_ y, 
O OH = Carbinol base. O Ketone. 

Only two representatives of this class have previously been 
described —the  2’-hydroxy-2-styrylbenzopyrylium chloride * 
(Decker and Felser, Ber., 1908, 41, 2997; Everest and Hall, J. Soc. 
Dyers and Col., 1919, 35, 275) and the 3’ : 4’-methylenedioxy-2- 
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styrylbenzopyrylium chloride of Borsche and Wunder (Annalen, 
1916, 411, 38). In addition to re-examining these two compounds, 
we have now prepared a series of other hydroxy- and methoxy- 
2.styrylbenzopyrylium chlorides. Much difficulty was encountered 
in finding suitable conditions for the production of these salts, the 
usual methods employed for the preparation of pyrylium chlorides 
yielding amorphous, insoluble products which exhibited none of 
the characteristic properties of oxonium compounds. Ultimately, 
it was found that p-hydroxybenzaldehyde and polyhydroxybenzalde- 
hydes in general could be readily condensed with o-hydroxystyryl 
methyl ketone at ordinary or slightly elevated temperatures in 
presence of dry hydrogen chloride, using pure anhydrous formic 
acid (Kahlbaum’s product) as solvent. The yield of pyrylium salt 
is excellent, and the reaction leaves little to be desired. When the 
} p-hydroxyl group is absent, or the aldehyde used contains only one 
hydroxy] group, this method is unsatisfactory, the product obtained 


vith 
Was 
the 


being generally either an uncrystallisable oil or glass-like solid, 
In such cases, however, excellent yields can be obtained by dis- 
solving the corresponding unsymmetrical distyryl ketone (Buck 


and Heilbron, Joc. cit.) in anhydrous formic acid and saturating the 
solution with dry hydrogen chloride. In recrystallising the hydroxy- 
benzopyrylium chlorides (with the possible exception of the 
2’-hydroxy-chloride) the use of anhydrous formic acid as solvent is 
imperative, and even here it is necessary to saturate the solutions 
with hydrogen chloride in order to prevent decomposition. With 
a few of the methoxy-compounds, however, glacial acetic acid may 
be substituted for the former acid, but generally this is less satis- 
factory. 

The 2-styrylbenzopyrylium chlorides, with the exception of the 
meta-substituted styryl derivatives, are all intensely coloured, 
yielding blood-red solutions in water, and red or violet-red solutions 
in alcohol. The m-hydroxy- and m-methoxy-chlorides, however, 
form golden-yellow solutions, but otherwise behave like typical 
pyrylium salts. The table on page 1211 shows at a glance the 
characteristic colour reactions of the different members of this 
group. As a class, these chlorides are extraordinarily unstable, 
and this property appears even more marked with the corre- 
sponding bases, which are now under investigation, but, up to the 
present, have not been isolated in a state of purity. 

The styrylbenzopyrylium chlorides all crystallise out from 
solution firmly combined with either formic acid, water, or hydrogen 
chloride, and it has not been found possible to free them from these 
addenda. Even gentle heating decomposes the chlorides, amorph- 
ous, insoluble products, with a carbon content much above that 


ble, 
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of the salts themselves, being obtained. On heating in a melting. 
point tube, the hydroxy-substituted chlorides gradually shrink or 
pass into tar, whereas, in general, the methoxy-compounds melt 
sharply. 

A very notable feature of those benzopyrylium chlorides which 
contain a p-hydroxyl group is that their aqueous solutions, which 
possess a deep red colour, pass, on high dilution with water, into 
pure blue solutions. The presence of a p-hydroxy] group is essential 
for this colour change, but it might be mentioned that the hydro. 
chloride of 4’-dimethylamino-2-styrylbenzopyrylium chloride, which 


is at present under examination, also gives an intense blue solution 
on even moderate dilution, and that its ferric chloride double salt 
dissolves directly with a similar colour. An apparent exception 
to this rule is met with in 2’ : 4’-dihydroxy-2-styrylbenzopyrylium 
chloride, which, on dilution of its aqueous solution, gives only a 
faint amethyst colour. Here, undoubtedly, the tendency to form 
the corresponding hydroxydibenzospiropyran (I) evidently over- 
rides the effect of the p-hydroxyl group (compare Decker and Felser, 
loc. cit.). 


oF i” a. 

tT FV 7 YS 

Ne OP Ae 

OH 
That the production of the blue colour on dilution is not due to the 
presence of mineral matter in the water used, is shown by the fact 
that conductivity water is quite as effective, but a somewhat 

higher dilution is required for its production than with tap-water. 

The compounds described in this paper exhibit a very close 
similarity to the anthocyanidins isolated by Willstitter, but are, 
however, apparently much less stable. Where it occurs, the change 
of colour from red to blue takes place with great ease, and in the 
absence of any base, whereas the anthocyanidins require the presence 
of a base to bring about similar colour changes. This phenomenon 
has suggested to us important conclusions concerning the structure 
of the blue anthocyanidin pigments and of the bases of pyrylium 
salts in general. If the structures of pelargonidin chloride (II) and 
4’-hydroxy-2-styrylbenzopyrylium chloride (III) be compared,* 
it will be seen that the differences are (a) substituted hydroxy! 
groups in the benzene ring, (5) the presence of the hydroxyl group 


* The authors have adopted Decker and Felser’s structure (loc. cit.) and 
have represented the anthocyanidins on the same system. Perkin, Robinson, 
and Turner (T., 1908, 93, 1085), and Willstitter (Annalen, 1915) adopt the 
alternative o-quinonoid structure, but for the present discussion the point is 
immaterial. 
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OH CH CH 
(YY Spon 6: 
HO A po _ AY CH:CHE oH 
Cl (II.) Cl (III.) 


in the pyrone ring, and (c) the absence of the ethylene group of the 
styryl radicle, which latter is considered by the authors to exert 
a colour-intensifying and activating influence. Willstatter ascribes 
to the blue anthocyanidin pigments the formule of alkali salts (V) 
of the violet ‘neutral form ” or phenol betaine (IV). 


OH CH =" CH 
i\S“oum (\YS¢ 5 ee 
orn’. Bh Aes. (1) 
-O (IV.) lq (v,) 


The latter structures are obviously impossible with the styryl- 
benzopyrylium chloride, as no base at all is involved, the solution 
being indeed faintly acid, and the only two hydroxy] groups present 
are the p-hydroxyl group and the hydroxyl group on the pyrone 
oxygen atom produced by hydrolysis of the salt (the concentration 
of the blue solution is in the neighbourhood of N/50,000). This 
leaves the three alternative formule, VI, VII, and VIII, as possible 


constitutions for the blue pigment. 


CH CH 
. A\/\NcH A\/\NoH (VII.) 
a 4 /SCHCHK OH \ ) RCHCHK _YO 
Q ~ 9 ed 
OH {_________— 
CH 
INS Nam . 


— \ » ORC 0 


Of these (VI) is at once ruled out, as not explaining the non- 
formation of the blue colour when a solution of the corresponding 
4’-methoxy-2-styrylbenzopyrylium chloride is diluted. (VII) is 
possible, but appears very unlikely from spatial considerations 
alone. In addition, there is no essential change in constitution 
such as would be expected for such a marked colour change. The 
structure represented by (VIII) is considered by the authors as best 
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representing the constitution of the blue pigment, and would apply 
equally well to the p-dimethylamino-compound (IX). 


When an aqueous solution of 4’-hydroxy-2-styrylbenzopyrylium 
chloride (II1) is gradually diluted, the clear red colour persists until 
the concentration is less than N/20,000. At this dilution, the 
chloride must certainly be largely hydrolysed to the corresponding | 
colour base (VI). If, on the other hand, a solution of 4’-methoxy- 
2-styrylbenzopyrylium chloride be similarly diluted, the red solution 
loses its colour and becomes gradually opalescent owing to formation 
of the carbinol base (X). 

Obviously, a colour base analogous to (VI) is an intermediate in 
this transformation, but no trace of a blue colour is observed. If 
acid now be added to the decolorised solution of this methoxy-com- 
pound, the red colour will gradually be restored, the phenomenon 
being a time reaction. It has been found, on the other hand, that 
the blue solution of the corresponding 4’-hydroxy-2-styrylbenzo- 
pyrylium chloride, when allowed to stand, also gradually becomes 
colourless, but in this case the addition of acid fails to restore the 
colour. This phenomenon is under investigation, as we have 
found indications that the molecule is broken up in these circum- 
stances into its genitors, which view is again in entire harmony with 
the fact that we were unable to prepare distyryl ketones containing 
both a p- and an o-hydroxyl group. Reasoning by analogy, and 
taking into consideration the above phenomena, the authors con- 
clude that the true colour bases, like the salts themselves, are red, 
water-soluble compounds. The colour bases of pyrylium salts 
hitherto prepared are described as red, brown, or violet amorphous 
insoluble substances. These have been produced usually by the 
addition of a large excess of sodium acetate to a solution of the salt, 
or under similar conditions—all of which we consider would tend 
to produce either polymerides of the unstable colour bases, or ethers 
formed by loss of water between two or more molecules of these. 
It is probable that many, if not all, of the colour bases and anhydro- 
bases described in the literature are polymerides or ethers (compare 
Schneider and Meyer, Ber., 1921, 54, [B], 1484), and these views 
are borne out by the behaviour of the styrylbenzopyrylium chlorides. 
On treating a solution of 4’-hydroxy-2-styrylbenzopyrylium chloride 
with excess of aqueous sodium acetate, a deep blue, amorphous 


apply 
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precipitate is produced. This does not dissolve in water to give the 
blue solution, and analysis indicates that it is an ether of the colour 
base. When similarly treated, 4’-methoxy-2-styrylbenzopyrylium 
chloride gives a dirty violet precipitate, which consists of a small 
amount of deep bluish-violet, amorphous flocks, together with the 
colourless carbinol base. These phenomena are taken as showing 
that the true colour base is incapable of existing in the solid state, 
put forms immediately either an ether or a polymeride, or reverts to 
the carbinol base. 

Considering now the anthocyanidins—there is no valid reason 
why the formation of the blue colours with both the anthocyanidins 


» and the styrylbenzopyrylium chlorides should not be ascribed to 


the same cause, particularly since from the foregoing considerations 
the only hydroxyl group necessary for its production is the p-hydroxyl 
group of the 2-phenyl radicle. The blue anthocyanidin solutions 
would then contain the quinonoid anhydro-bases, that from pelar- 
gonidin being represented as : 
OH CH 
/\/\o-0H 


| | ee as 
NANG —=_ 70 


It might be mentioned that, with the exception of 3’ : 4’-di- 
hydroxy-2-styrylbenzopyrylium chloride, which gives a_bluish- 
green colour, ferric chloride gives no definite reactions with the 
benzopyrylium chlorides. Willstitter uses the ferric chloride 
reaction as evidence of the position of hydrexy! groups in the antho- 
cyanidins, but the reaction is of doubtful value when it is con- 
sidered that the iron chloride double salt of 4’-dimethylamino-2- 
styrylbenzopyrylium chloride dissolves in water with an intense blue 
colour, and that in this compound no hydroxyl groups are present. 

If the suggestions of the authors are correct, then the careful 
neutralisation of the anthocyanidin salts with sodium carbonate, 
giving a blue colour, should be specific for a p-hydroxyl group. 
This would involve the revision of the formula of malvidin, which, 


according to Willstatter, is probably 


OH CH MeO CH 
A\/\Nc.oH _OH | “\/No.9oH OH 
MeO | ) a ~ SOMe or HO! | ee ~ SoMe 
bik lie ae nel 
iy OH ia OH 


Spectrographs were taken of the blue and red solutions of 3’ : 4’- 
dihydroxy-2-styrylbenzopyrylium chloride, and, for comparison, 
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of the red solution of 3’ : 4’-dimethoxy-2-styrylbenzopyrylium 
chloride. It was hoped that the bands would give some indication 
of change of structure in the former, but unfortunately they do not 


permit of drawing any conclusions : 
Head 


In N/20,000 solution in N/20-HCl (4 mm. tube). of band. Minimum, 
3’: 4’-Dihydroxy-2-styrylbenzopyrylium chloride 524 400 
3’: 4’-Dimethoxy-2-styrylbenzopyrylium chloride 520 380 


The resemblance between the absorption of these compounds and 
the corresponding anthocyanins is most marked (Willstitter and 
collaborators, Annalen, 1915, 408, 60, 98). 

It remains to mention that we have not succeeded in obtaining 
2-styrylbenzopyrylium chloride, 2’-methoxy-2-styrylbenzopyrylium 
chloride, or 2-furylidenemethylbenzopyrylium chloride by any of 
the foregoing reactions, amorphous, insoluble products being 
obtained which exhibit no pyrylium reactions. The high carbon 
content (much above that required for the free chlorides) points to 
these being complexes formed from the chlorides by loss of water 
and hydrogen chloride. 


EXPERIMENTAL. 


2’-Hydroxy-2-styrylbenzopyrylium Chloride—This substance has 
been described by Decker and Felser and also by Everest and Hail 
(loc. cit.), but in neither case was the salt recrystallised, and we 
have found that the chloride prepared according to the above- 
mentioned methods only yields an oily product on attempted 
recrystallisation from glacial acetic acid. A stable crystalline 
chloride may, however, be prepared by employing anhydrous 
formic acid in place of acetic acid as solvent. Eight grams of 
dicoumaro-ketone were dissolved in 25 c.c. of anhydrous formic 
acid, and the hot solution was saturated with dry hydrogen chloride. 
On gradual addition of ether, the chloride separated in the form of a 
bronze-black, crystalline mass (yield 8 grams), which was filtered 
off, well washed with dry ether, and left for three days in an ex- 
siccator (Found: C = 66-9; H = 4°8. The chloride with 1 mole- 
cule of water of crystallisation requires C = 67-4; H = 4-9, whereas, 
for a half-molecule of hydrogen chloride in place of water, analysis 
would show C = 67-3; H = 4:5; Cl = 17-5 per cent.). It is thus 
apparent that a carbon and hydrogen estimation alone is not 
sufficient to indicate the addendum, and we have also found that 
no reliance whatsoever can be placed on loss-in-weight analysis on 
heating, for practically all the chlorides of this series tend to lose 
weight under these conditions, giving complexes. The chloride 
was recrystallised from absolute formic acid, the solution again 
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being saturated with hydrogen chloride. It is thus obtained in 
greenish-black crystals possessing a beautiful bronze reflex, and 
is readily soluble in cold water, yielding a deep blood-red solution. 
It shrinks above 205° and melts at 218—220° [Found: C = 670; 
H=4°7; Cl (Carius, 14 days later) = 16°6 per cent.]. From 
the results of these analyses, it is evident that the compound has 
the formula C,,H,,0,C1,sHCl, and that the hydrogen chloride 
addendum is very slowly lost. A double iron salt was readily 
obtained by dissolving 3 grams of the crystalline chloride in a small 
quantity of glacial acetic acid and treating the mixture with a 
solution of 10 grams of commercial ferric chloride in 10 c.c. of glacial 
acetic acid, hydrogen chloride being passed into the mixture until 
it solidified. After recrystallisation from glacial acetic acid, the 
salt forms dull red masses of glistening needles, m. p. 178°. It is 
readily soluble in cold water with a deep red colour (Found : 
C=458; H=29; Fe=12°5. C,,H,,0,Cl,Fe requires C = 
458; H=2:9; Fe=12°5 per cent.). A perchlorate was also 
prepared by precipitating a solution containing 2°5 grams of the 
pyranol chloride dissolved in 10 c.c. of glacial acetic acid with 
20 per cent. perchloric acid. After recrystallisation from glacial 
acetic acid containing perchloric acid, the salt was filtered off and 
thoroughly washed with absolute alcohol. It forms maroon- 
coloured crystals melting at 196°. On heating in air, the compound 
“puffs ” and therefore, for analysis, it was mixed with excess of 
finely powdered quartz (Found: C = 58°55; H= 41. C,,H,,0,Cl 
requires C = 58°5; H = 3:7 per cent.). 
3’-Hydroxy-2-styrylbenzopyrylium Chloride—It was found im- 
possible to prepare this compound by condensing m-hydroxy- 
benzaldehyde with o-hydroxystyryl methyl ketone, as there resulted 
a purplish-black, amorphous substance insoluble in water, probably 
a highly condensed complex. The pure chloride was prepared 
by saturation of 3’: 2-dihydroxydistyryl ketone, dissolved in 
absolute formic acid, with hydrogen chloride at room temperature. 
After standing over-night, ether was added to the solution, which 
was then kept for a further period of twenty-four hours. The 
crystalline mass thus obtained was filtered off and recrystallised 
from formic acid, the solution being saturated with hydrogen 
chloride. The pyranol chloride forms reddish-black, prismatic 
clusters, soluble in both cold water and alcohol, giving golden- 
yellow solutions. Analysis shows that this salt contains 1 molecule 
of formic acid of crystallisation (Found: C= 656; H= 48. 
C,,H,,0,Cl,H-CO,H requires C = 65°3; H = 46 per cent.). 
4’-Hydroxy-2-styrylbenzopyrylium Chloride—1l:1 Grams of p- 
hydroxybenzaldehyde and 1°5 grams of o-hydroxystyryl methyl 
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ketone were dissolved in 5 c.c. of absolute formic acid, and the 
solution was saturated with hydrogen chloride, care being taken 
to keep it cool by immersion in ice-water. After two days, the solid 
mass was filtered off, ether having previously been added. Re. 
crystallised from formic acid, the salt forms brilliant, blue, micro. 
scopic needles, having a red reflex. It shrinks suddenly at 140°, 
but does not melt below 210°. It is readily soluble in alcohol with 
a reddish-violet colour; the colour in water is deep red, and 
the latter solution, on high dilution, changes in a few seconds toa 
pure blue solution of great intensity. On allowing this solution 
to stand, the colour is completely discharged and the characteristic 
red colour of the undissociated pyranol salt is not regenerated on 
addition of concentrated hydrochloric acid. It may be concluded 
that, on standing, complete dissociation of the molecule takes 
place, for addition of hydrochloric acid to a freshly prepared blue 
solution regenerates the characteristic red coloration (Found: 
C=652; H=47. C,,H,,0,Cl,H-CO,H requires C = 653; 
H = 4°5 per cent.). 

3’-Methoxy-2-styrylbenzopyrylium Chloride—One gram of pure 
3’-methoxy-2-hydroxydistyryl ketone was dissolved in 15 c.c. of 
anhydrous formic acid, and the solution saturated at room tem- 
perature with dry hydrogen chloride. After standing for four hours, 
ether was gradually added to the clear red solution, which was then 
left to stand over-night. The chloride crystallised out in tiny, brick- 
red prisms, soluble in cold water with a golden-yellow colour, which 
soon gave place to a faintly yellow turbidity. In cold alcohol, the 
colour was also golden-yellow. This chloride, more so than any 
other of the series, resembles closely the usual yellow type of 
pyrylium chlorides. It might be mentioned that this salt could 
not be obtained by condensing m-methoxybenzaldehyde with 
o-hydroxystyryl methyl ketone (Found: C= 660; H= 5°. 
C,,H,,;0,Cl requires C = 66:2; H = 4°9 per cent.). 

4’. Methoxy -2-styrylbenzopyrylium Chloride.—Six grams of 
4’-methoxy-2-hydroxydistyryl ketone were dissolved in 10 c.c. of 
anhydrous formic acid, and the solution was saturated with dry 
hydrogen chloride at room temperature. A small quantity of 
ether was added, and the whole allowed to stand for two days. 
The product was then filtered off and recrystallised from glacial 
acetic acid, ether then being added and the solution saturated with 
hydrogen chloride. The chloride consists of beautiful, violet- 
black crystals with an indigo reflex. It melts at 127° and dissolves 
in water to a bright red solution. Dilution of this solution does not 
produce any change in colour, as in the case of the corresponding 
4’-hydroxy-2-styrylbenzopyrylium chloride. On standing for some 
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time, however, the colour gradually disappears, owing to formation 
of the pseudo-base (X). Addition of hydrochloric acid again 
restores the red colour. If a dilute solution of the chloride is 
treated with sodium acetate, the colourless pseudo-base is immedi- 
ately formed together with a little insoluble, amorphous, violet- 
coloured product. No evidence of formation of the blue anhydro- 
base is observed and this reaction consequently strongly supports 
the hypothesis that the blue solutions of the 4’-hydroxy-2-styryl- 
benzopyrylium chlorides contain true quinonoid anhydrides. It 
was found impossible to obtain sharp analyses of the chloride owing 
to the tenacity with which it retains traces of hydrogen chloride, 
as is shown by the gradual increase in the percentage of carbon 
when the same specimen is periodically analysed : 


takes 
1 blueq 23 days over sodium hydroxide in a vacuum C = 65-4; H = 53 
yund: 80 ” ” ” ” 99 Cl = 11°3. 

> 170 ? ” +B) ” ” C — 67°3; H 


H = 54; Cl=112 per 


C,,H,;0.C1H,O requires C = 68:2; 
cent. 

In order definitely to characterise this compound, a perchlorate 
was prepared by the method previously described. It crystallises 
from glacial acetic acid in glistening, violet prisms which melt at 
228°. It is somewhat soluble in warm glacial acetic acid, yielding 
a bright red solution (Found: C = 594; H= 42. C,,H,;0,Cl 
requires C = 59°6; H = 4:1 percent.). The iron salt, recrystallised 
from an acetone—benzene mixture, forms deep violet, glistening 
crystals containing a half-molecule of benzene of crystallisation 
(Found: C= 499; H=3'7; Fe=11°3. C,gH,;0,Cl,Fe,3C,H, 
requires C = 50°0; H = 3°6; Fe = 11:2 per cent.). 

2’ : 4’-Dihydroxy-2-styrylbenzopyrylium Chloride—2°7 Grams of 
8-resorcylaldehyde and 3°3 grams of o-hydroxystyryl methyl ketone 
were dissolved together in 10 ¢.c. of anhydrous formic acid, and 
the solution was saturated with hydrogen chloride at room tem- 


e. of perature. The chloride, which separated out in a few minutes, 
dry f was stirred with ether, filtered, and recrystallised from anhydrous 
y fF formic acid, saturation with hydrogen chloride being carried out 
ays. in the usual manner. It crystallised in long, slender, bronze-green 


needles which, after standing over sodium hydroxide for about a 
fortnight, lost their metallic reflex, leaving a greenish-black powder. 
The chloride is readily soluble in alcohol, giving a deep reddish- 
violet solution, whilst in water the colour is dull crimson, becoming 
pale amethyst on high dilution. On heating, there is a gradual 
shrinking above 200°. The absence of the characteristic blue 
solution in this case is doubtless attributable to the presence of the 
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o-hydroxy-group and the consequent tendency of the compound 
to form the spiro-derivative (I) (Found: C = 626; H=4¢. 
C,,H,,0,Cl,H-CO,H requires C = 62°6; H = 4°3 per cent.). 

2’ : 5'-Dihydroxy-2-styrylbenzopyrylium Chloride——This chloride 
was prepared by the general method, care being taken, however, 
to keep the solution cold during saturation with the hydrogen 
chloride. It crystallises from formic acid as a dull greenish-black 
powder, readily soluble in cold water, giving a dull red solution 
which rapidly decolorises on high dilution. On heating, the 
chloride shrinks at 100° and tars at about 110° (Found : C = 64:1; 
H=49. C,,H,,0,Cl,H,O requires C = 64:0; H = 4°7 per cent.). 

3’ : 4'-Dihydroxy-2-styrylbenzopyrylium Chloride.—This substance 
was prepared by dissolving 2°8 grams of protocatechualdehyde 
and 3°3 grams of o-hydroxystyryl methyl ketone in a mixture of 
10 c.c. of absolute formic acid and 20 c.c. of ether and saturating 
the solution with hydrogen chloride, the whole being immersed 
in ice. After standing for a few hours, more ether was added and 
the mixture left over-night at 0°. On crystallisation from 
anhydrous formic acid, the chloride separated in tiny prisms 
possessing a magnificent beetle-green sheen. An alcoholic solution 
is bluish-violet in colour, whilst the aqueous solution is deep reddish- 
brown, which, on high dilution, changes to pure blue (Found: 
C=623; H=45. C,,H,,0,ClH°-CO,H requires C = 62°6; 
H = 4°3 per cent.). 

2’ : 4’ : 7-Trihydroay-2-styrylbenzopyrylium Chloride —5°5 Grams 
of 8-resorcylaldehyde were dissolved in 10 c.c. of absolute formic 
acid together with 1:2 grams of acetone. The whole was then 
saturated with hydrogen chloride at room temperature, a small 
quantity of ether being added to prevent the separation of the 
aldehyde during the saturation. The mixture was kept for ten 
days, during which time ether was gradually added in small 
quantities. The purple, crystalline mass was filtered off, well 
washed with ether, and recrystallised from anhydrous formic acid 
containing hydrogen chloride. Some insoluble matter was always 
produced in this reaction and was removed during recrystallisation. 
The chloride consists of hygroscopic, deep purple needles, with a dull 
green sheen, and is readily soluble in water, giving a deep purple- 
red solution (Found: C= 599; H=4-7. C,,H,,0,Cl,H-CO,H 
requires C = 59°6; H = 4-4 per cent.). 

3’ - Methoxy - 4’ - hydroxy - 2 - styrylbenzopyrylium Chloride. — This 
chloride is the only one which it has been found possible to prepare 
in aqueous solvent. 6:5 Grams of o-hydroxystyryl methyl ketone 
and 671 grams of vanillin were dissolved in 40 c.c. of 80 per cent. 
formic acid, and the solution was then cooled in ice and saturated 
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with hydrogen chloride. After standing for two days, concentrated 
hydrochloric acid was added to incipient precipitation. The 
mixture was left for a further period of two days, and the black, 
qystalline mass which had separated was filtered off and twice 
rerystallised from 80 per cent. formic acid, an equal volume of 
encentrated hydrochloric acid being added to the solution. The 
substance was thus obtained as a faintly green, crystalline mass 
which, on standing in an exsiccator over sodium hydroxide, lost 
sme loosely held addendum. The weight was constant after 
ten days and the chloride obtained as a dull greenish-black powder, 
decomposing at 145°. Like 4’-hydroxy-2-styrylbenzopyrylium 
chloride, this substance readily dissolves in water with a deep red 
colour which, on high dilution, becomes pure blue (Found : C = 63:2; 
H=50. C,gH,;0,Cl,H-CO,H requires C = 63°33; H = 47 per 
cent.). 

3’ : 4'-Methylenedioxy-2-styrylbenzopyrylium Chloride —This sub- 
stance has previously been described by Borsche and Wunder 
(Annalen, 1916, 411, 38), who obtained it from o-hydroxystyryl 
methyl ketone and piperonal, and gave as addenda two molecules 
of water [Found: C = 62:0; H= 49. C,gH,,0,Cl,2H,O requires 
¢=619; H=50; (Cl= 10-2) per cent.]. Using the above 
method, with glacial acetic acid as solvent, we could only 
obtain products with a carbon content much above that of the 
chloride. 

The salt was prepared by suspending 12 grams of 3’ : 4’-methyl- 
enedioxy-2-hydroxydistyryl ketone in 30 c.c. of anhydrous formic 
acid and saturating the hot mixture with hydrogen chloride. 
After standing for a short time, gradual addition of ether was 
commenced. On the next day, the product was filtered off and 
recrystallised from anhydrous formic acid, the solution being 
saturated with hydrogen chloride. The chloride forms dull green, 
microscopic crystals, with no definite melting point. Analysis of 
this compound is exceedingly troublesome, as the composition 
varies, due to a loosely combined addendum, which, in this case, 
appears to be hydrogen chloride [Found: after seven days in a 
vacuum over sodium hydroxide, C= 61:1; H=41; Cl= 156 
(Carius). After thirty days more in the exsiccator, Cl = 15:1. 
C,3H,,0,Cl,H,O,sHC] requires C=619; H=45; Cl= 154 
per cent.]. The low carbon value is evidently due to a little retained 
hydrogen chloride, which is only slowly lost. Another specimen 
of the salt was prepared by condensing o-hydroxystyryl methyl 
ketone and piperonal directly in formic acid and recrystallising 
the product this time from glacial acetic acid. The product in 
appearance is identical with that above described, but the analytical 
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results are equally indefinite, as the carbon value gradually rises 
on keeping the specimen in an exsiccator over sodium hydroxide 
[Found : after three days, C = 62:1; H = 4°6, which agrees with 
Borsche’s result (vide supra). After one hundred and thirty days, 
however, C = 63:1; H = 4:7. C,,H,,0,Cl,H,O requires C = 65:3; 
H = 4°5 per cent.]. 

That the substance was, however, a true benzopyrylium salt was 
established by means of the double iron chloride. The crude 
product was crystallised from an acetone—benzene mixture and 
obtained in tiny, prismatic needles of a greenish-brown colour, 
which are readily soluble in water, giving a carmine-coloured 
solution. The salt melts at 208°, as previously found by Borsche 
(Found: C=457; H=29, Fe=11°7. Cale, C= 455; 
H=2-7; Fe=11'8 per cent.). The perchlorate forms small, 
green crystals which “ puff” violently on heating. It is readily 
soluble in hot water, yielding a deep carmine-red solution (Found: 
C= 570; H=37. C,,H,,0,Cl requires C = 569; H = 34 per 
cent.). 

3’ : 4’-Dimethoxy-2-styrylbenzopyrylium Chloride.—Five grams of 
3’ : 4’-dimethoxy-2-hydroxydistyryl ketone were dissolved in 
10 c.c. of absolute formic acid and saturated without previous 
cooling with hydrogen chloride. A little ether was added and, 
after two days, the product was filtered off and recrystallised from 
a glacial acetic acid-ether mixture, the solution being saturated 
with hydrogen chloride. Prepared in this way, the chloride forms 
glistening, emerald-green crystals with a characteristic sheen. It 
melts at 116—118° and is readily soluble in cold water with a blood- 
red colour. By working in more concentrated solution, a second 
form of the chloride is obtained (9 grams of ketone in 15 c.c. of 
absolute formic acid saturated with hydrogen chloride at room 
temperature). This form crystallises as a brilliant beetle-green 
mass with a characteristic golden sheen, melting at 93°, 
decomposing at 116° (Found: C= 608; H=53; Cl=9°0. 
C,,H,,0,Cl,H-CO,H,H,O requires C= 61:1; H=53; Cl=90 
per cent.). Analysis of the first specimen gives indefinite results 
which vary owing to loss of addendum (hydrogen chloride) on 
keeping in an exsiccator. Various methods of crystallising this 
chloride have been tried, and, in all cases, the substance clings 
tenaciously to indefinite quantities of solvent, which renders 
analysis somewhat difficult, and it is this property which doubtless 
causes the varying appearance of the different preparations. Thus, 
when twice recrystallised from absolute formic acid saturated with 
hydrogen chloride, the compound forms a mass of small, felted 
needles, with a dull greenish-blue reflex. It is very soluble in cold 
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water with a deep crimson colour. On heating, the chloride melts 
at 93—95°, decomposing at about 112° (Found: C= 607; 
H = 51; Cl= 8-9 per cent.). After keeping a portion of this 
analysed specimen in a vacuum for a period of forty-two days, the 
chloride has lost the molecule of water of crystallisation and in 
this state forms dull green needles, melting at about 110° (Found: 
C= 6383; H=54. (C,,H,,0,ClH*-CO,H requires C = 641; 
H = 5:1 per cent.). 


Notes on the Technique of Filtration. 


Considerable difficulty was encountered in finding a suitable and 
rapid method for the filtration of the hot acid mixtures. When a 
filtered liquor was required, a Plimpton apparatus was employed, 
asbestos pulp, washed with the solvent before use, being used as 
the filter medium. A large air-pump was employed to obtain a 
rapid vacuum, an ordinary filter-pump allowing crystallisation to 
take place in the stem of the funnel. 

For the separation of the pure solid salts from the acid liquid 
the following device was employed. Three-inch lengths of wide 
combusion tube were cut, and into one end was rammed a three- 
eighths inch layer of a thick paste made by moistening a mixture 
of silver sand and lead oxide with glycerol and a hot saturated 
solution of lead acetate. The tubes were then dried in a steam-oven 
and cautiously fired at a dull red heat. The tubes were fitted by 
means of rubber stoppers into a filter flask, and a wide-mouth 
bottle, from which the bottom had been removed, was employed as 
a funnel. Filter-tubes thus prepared are very porous and hard, 
and the medium has resisted all the acids employed. These tubes 
may be used repeatedly if, when soiled, they are washed with water 
and refired in the muffle. 


In conclusion, we desire to take this opportunity of thanking 
Mr. R. A. Bailey for kindly taking the absorption spectrographs, 
and also to express our indebtedness to the Department of Scientific 
and Industrial Research for a grant to one of us (J. 8. B.) which has 
enabled this research to be carried out. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
THE UNIversity oF LIVERPOOL. (Received, May 16th, 1922.] 
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CXLV.—2:3:6-Trimethyl Glucose.* 
By James CoLtquHoun Irvine and Epmunp LanGLey Hirst. 


Tue crystalline form of trimethyl glucose in which the alkyloxy 
groups are attached respectively to the second, third, and sixth 
aarbon atoms of the chain is an important example of what may 
be termed a “reference compound,” and is worthy of detailed 
study. The sugar was originally isolated by Denham and Wood- 
house (T., 1914, 105, 2357) as one of the hydrolysis products 
obtained from trimethyl cellulose, and it is to these authors we 
owe the first definite evidence as to the linkage of the hexose residues 
in the cellulose molecule. In the course of the past eight years 
the same form of trimethyl glucose has also been obtained indirectly 
from lactose (Haworth and Leitch, T., 1918, 113, 188) and from 
cellobiose (Haworth and Hirst, T., 1921, 119, 193), so that the 
sugar has also proved useful in solving the constitution of these 
disaccharides. Doubtless, other naturally-occurring compounds 
contain the same unit and the investigation of methylated sacchar- 
ides based on glucose should thus include the identification of any 
trimethyl glucose which may be formed on hydrolysis. 

The structural studies which have been mentioned depend mainly 
on the constitution ascribed to the particular form of trimethyl 
glucose now under consideration, and this was established by 
Denham and Woodhouse. In their first paper on this subject 
they reviewed the various possible formule and arrived at the 
alternatives shown below : 


CH-OH /AHOH 
o/ GH-0Me af CH-OMe 
(.)  \. CH-OMe \. CH:OH (IL) 
\CH \CH 
CH-OH CH-OMe 
CH,*OMe CH,*OMe 


* The numerical system used in the present paper to indicate the 
position of the substituents in the sugar chain has been employed in this 
laboratory for many years and was first communicated to the Society in 
order to ascribe characteristic names to partly methylated glucoses 
(Irvine, P., 1913, 29, 69). As at the time the proposed nomenclature was 
not adopted officially, notes were added to subsequent papers explaining 
my preference for the numerical method (Irvine and Scott, T., 1913, 103, 
564; Irvine and Patterson, T., 1914, 105, 899). The system has also been 
used frequently in discussions on structure (Irvine and Steele, T., 1915, 
107, 1230), and was employed regularly in correspondence with Emil Fischer, 
who introduced it into his closing papers. These circumstances are mentioned 
in view of a recent paper (Karrer and Hurwitz, Helv. Chim. Acta, 1921, 4, 
728) in which the same nomenclature is put forward as novel.—{J. C. I.] 
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An important step was made in a subsequent paper (T., 1917, 1114, 
244) when they referred the sugar to the butylene—oxide scries 
and decided definitely in favour of formula I. This conclusion 
was based on the fact that the trimethyl glucose was convertible 
into a trimethyl glucoheptonic acid, which yielded a lactone through 
loss of a molecule of methyl alcohol. Formula I was subsequently 
supported by Haworth and Leitch (loc. cit.) and the butylene- 
oxide structure was finally confirmed (Haworth and Hirst, loc, 
cit.) by conversion of the compound into dextrorotatory tetra. 
methyl glucose (Purdie and Irvine, T., 1903, 83, 1021). 

The investigation of the constitution of cellulose by the methyl. 
ation process, which was first undertaken in this laboratory by 
our former colleagues, is being continued by us, and it has been 
found necessary to devote further research to partly methylated 
glucoses, and in particular to 2:3: 6-trimethyl glucose. In view 
of our immediate object, we have confined our attention to the 
identification of the sugar, its separation from other sugars, the 
correction of the physical constants, the behaviour towards reagents, 
and the confirmation of its structure. 

Unfortunately, no crystalline derivative of the sugar could be 
obtained. It failed to condense with acetone, and reacted only 
imperfectly with phenylearbimide, whilst the hydrazone, oxime, 
and anilide were unstable, uncrystallisable syrups. The methyl- 
glucoside proved to be a colourless liquid which did not solidify, 
and, so far, the identification of the sugar depends primarily on 
the isolation of the compound in a pure crystalline condition. It 
may be mentioned that the capacity of this sugar to separate in 
the solid form is seriously affected by impurities and seems to be 
inhibited by thorough drying, so that on distillation a viscous 
syrup is obtained which solidifies only after several weeks. Even 
gentle warming above the melting point is sufficient to impair 
crystallisation. The treatment of hydrolysis products which may 
contain this variety of trimethyl glucose must therefore be conducted 
with regard to the precautions described in the experimental part. 

We find that when trimethyl glucose is formed in a reaction in 
which higher—or lower—methylated glucoses are also produced, no 
serious difficulty is experienced in separating the crystalline sugar. 
The examination of the hydrolysis products obtained from hepta- 
methyl methylcellobioside and from trimethyl cellulose is a case in 
point. Extraction of such a mixture with boiling light petroleum 
removes the tetramethyl glucose constituent, and trimethyl glucose 
can thereafter be dissolved out of the residue by means of cold 
acetone. On the other hand, this comparatively simple treatment 
is ineffective when trimethyl glucose is mixed with tetramethyl 
galactose, a condition encountered in separating the hydrolysis 
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products obtained from heptamethyl methyl-lactoside. Owing to 
the viscosity of the syrup, repeated exhaustion with light petroleum 
has very little effect, and the solvent fails to penetrate the mass. 
Treatment with cold dry ether is also unsatisfactory, as, although 
trimethyl glucose is sparingly soluble in this solvent, it dissolves 
readily in the presence of tetramethyl] galactose. Fractional precipit- 
ation of an ethereal solution of the mixed sugars by means of light 
petroleum is more successful, but gives at the best very poor yields. 

Haworth and Leitch overcame this difficulty by converting the 
mixed sugars into their respective anilides, and after separation 
of the galactose derivative the trimethyl glucoseanilide was decom- 


ethyl. 
ry by f posed with acid. We have repeated this reaction on several 
been § occasions, but have obtained very irregular results, and although 


it was used to good effect in determining the structure of lactose, 
the method, without further elaboration, is not convenient for the 


View 
> the | preparation of trimethyl glucose in quantity, or for the identi- 
, the § fication of the compound in doubtful cases. In our experience, 
ents, § the best process for isolating the pure sugar from such a mixture 
is to remove the bulk of the alkylated galactose in the form of the 
d be | sparingly soluble anilide and to regenerate the crude sugar from 
only § the anilides retained in solution. Thereafter the impure trimethyl 
ime, § glucose is converted into the corresponding glucoside by Fischer's 
hy]. J method and purified by fractionation in a high vacuum. This 


treatment eliminates any fully methylated galactoside which passes 
over in the first fraction, and also traces of lower methylated sugars, 
which remain undistilled. Trimethyl methylglucoside thus con- 
stitutes the main fraction and on hydrolysis the alkylated glucose 
is readily obtained crystalline with greater certainty and in better 
yield than by any of the methods used by us. The following 
table shows the relative efficiency of the different processes, the 
figures quoted being the yield of the sugar isolated in the crystalline 
state expressed in percentages of the total amount present. 


lay 
ted Method of separating the : 
’ Source. mixed sugars. Average yield. 
y Hydrolysis of : 
in i, Trimethyl methyl- Direct crystallisation. 50 per cent. 
no glucoside 
2. Heptamethyl methyl- Fractional extraction with light 50 ,,_ ,, 
ar. cellobioside petroleum. 
“a= 3. Heptamethyl methyl- Removal of tetramethyl gal- 50-60 per cent. 
in lactoside actose as anilide, followed by 
isolation of trimethyl methyl- 
m glucoside and hydrolysis. 
se 4. Heptamethyl methyl- After glucoside formation with- 30 per cent. 
lactoside. out separation of the anilides. 
Id 5. Heptamethyl methyl- By fractional precipitation of 17 ,, 
at lactoside. ethereal solutions with light 
1 petroleum. 
y 6. Heptamethyl methyl- By conversion into the anilides Variable, often 
is lactoside and direct isolation of tri- very low. 


methyl glucose. 
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Once 2:3: 6-trimethyl glucose has solidified, the compound jg 
easily purified by recrystallisation from ether. The melting point 
is affected by mere traces of impurity and the value found when 
small quantities are being manipulated is generally of the order 
114—115°. With the amount of sugar at our disposal it was, 
however, possible to repeat the crystallisation until constant 
values were recorded. The corrected constants are given below :— 


Crystalline form .............4. Fine needles or short prisms. 
Melting point ...............606 122—123° or 92—93°. 

eC MND bsiisxaccccecsesses 1°4743. 

[a], in methyl alcohol ...... +. 117-7° —> 88: 6° (no catalyst). 
OR BE WR kvassncicessccdace + 90°2° — >» 70°5° (no catalyst). 


It is important to notice that the final optical value obtained in 


aqueous solution agrees well with that found on hydrolysing the |) 
corresponding glucoside ({«], + 70°). This result offers a marked }. 


contrast with the behaviour of 2:3: 5-trimethyl glucose (Irvine 
and Oldham, T., 1921, 119, 1744), and serves as an additional 
method of discriminating between the two isomeric sugars. The 
above mutarotation in methyl-alcoholic solution is abnormally 
slow, and in the past it has been customary to accelerate the change 
by adding a trace of hydrochloric acid. When treated in this way, 
the above solution showed in thirty minutes the value [«], + 70°0°, 
which agrees with the previous figures (+ 69°1°, and 68°7°) quoted 
as permanent. It is, however, extremely doubtful if this change 
in activity is due solely to normal mutarotation, as we find the 
optical value does not remain constant, but continues to diminish 
regularly owing to glucoside formation. The permanent rotation 
given in aqueous solution is thus the more trustworthy constant. 

All attempts to isolate the 6-form of the sugar failed, but in the 
course of such experiments distinct evidence of dimorphism was 
obtained. Normally the sugar crystallised in slender needles, but, 
as described in the experimental part, a second and more soluble 
variety separated in characteristic, short, pointed prisms. These 
melted sharply at 92—93°, but, contrary to expectation, did not 
consist of the 8-form, as the material showed normal mutarotation 
in the downward sense, in place of the reverse change. This 
observation is not without precedent, as a similar phenomenon has 
been observed in the case of butylene-oxide tetramethyl fructose. 

As already stated, the derivatives of 2:3: 6-trimethyl glucose 
are not characteristic and are thus ill adapted for identifying the 
sugar. This applies even in the case of the corresponding methyl- 
glucoside, which was isolated in the liquid form (b. p. 147—-150°/ 
0°07 mm.) and consisted of a mixture of «- and $-forms in unknown 
proportions. Although this excludes the quotation of specific 
rotation as a physical constant, the physical properties of the mixed 
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glucosides serve to distinguish 2 : 3 : 6-trimethyl glucose from the 
isomeric 2:3: 5-trimethyl glucose obtained from maltose or from 
glucosan. Optical methods can, however, be applied to confirm 
the identity of crystalline trimethyl glucose. A solution of the 
sugar in acetone containing a small proportion of hydrogen chloride 
maintained a constant activity for forty-eight hours, thus indicating 
the absence of condensation. On the other hand, when dissolved 
in methyl alcohol similarly acidified, the sign of the rotation altered 
from dextro to levo, owing to glucoside formation, and the figures 
quoted in the experimental part are characteristic for this particular 
sugar. 

The constitution ascribed to the sugar by Denham and Wood- 
house has been confirmed in a manner which sharply differentiates 
2:3:6-trimethyl glucose from the 2:3: 5-isomeride. When 
oxidised with nitric acid, one methoxyl group was removed with 
the consequent formation of a dimethyl saccharic acid, which was 
isolated in the form of the diethyl ester. The corresponding lead 
salt was also prepared, the alkyloxy-content of which confirmed 
the idea that one methoxyl group was eliminated in the formation 
of the oxidation acid. The series of reactions involved may be 
expressed as under :— 


/SL-OH CO-OH CO-OEt co-O—- 
0/ CH-OMe CH-OMe CH-OMe CH-OMe 
~ CH-OMe —> CH-OMe —> CH-OMe —> CH-OMe 

\CH CH-OH CH-OH CH-OH *” 
CH-OH CH-OH CH-OH CH-OH 

CH,*OMe CO-OH CO-OEt CO-O—- 


Taking into account the evidence cited by former colleagues, the 
structure of the parent sugar may now be regarded as settled. It 
is important to note that under parallel conditions the action of 
nitric acid on 2 : 3 : 5-trimethyl glucose leads to an entirely different 
result (Irvine and Oldham, loc. cit.). The product then obtained 
was the monoethy] ester of trimethyl saccharolactone, which, when 
converted into the dibasic acid, was readily transformed into the 
corresponding lactonic acid. 


/A-0H CO-OH co - co 1 
04 GHOMe  CH-OMe = CH-OMe CH-OMe 
oa _, CH-OMe CH-OMe | > CH-OMe | 

CH CH-OH CH CH | 
CH-OMe CH-OMe = CH-OMe CH-OMe 
CH,:OH CO-OH CO-OEt CO-OH 


1218 IRVINE AND HIRST: 2:3: 6-TRIMETHYL GLUCOSE. 


In the above reactions, a dibasic acid is formed, although all three 
methoxyl groups are retained, thus proving that the terminal 
—CH,°OH of the parent sugar is unsubstituted. On the other hand, 
a 2:3: 6-trimethyl glucose could form a dibasic acid containing 
six carbon atoms in the chain only by the loss of a methoxyl group, 
This we have found to be the case. 

We recognise that we have not exhausted the possibilities of 
further research on the isomeric trimethylated glucoses and our 
work is therefore being continued in order that we may apply 
the results in our constitutional studies of carbohydrates generally. 


EXPERIMENTAL. 
Preparation of 2:3: 6-Trimethyl Glucose. 


The separation of the above form of trimethyl glucose from other 
sugars is summarised in the introduction, and requires amplification 
only so far as the preparation of trimethyl glucose from lactose is 
concerned. The methylation of lactose was conducted as described 
by Haworth and Leitch (loc. cit.), and gave excellent results. After 
two methylations with methyl sulphate and alkali, followed by 
two further alkylations by the silver oxide reaction, the completely 
methylated disaccharide was obtained and fractionated under 
reduced pressure. As an indication of the yields, it may be stated 
that in the course of four such preparations 110 grams of lactose 
gave 90°6 grams of distilled product (b. p. 200°/0°3 mm. ; n)1°4695), 
which readily crystallised. The material was hydrolysed in the 
usual way,* the mixture of alkylated hexoses being treated so as to 
test the efficiency of different methods of isolating the trimethyl 
glucose constituent. 

I. Anilide Method—This was conducted according to the 
published description, but gave irregular results. 

(a) 3:2 Grams of mixed sugars yielded 17 grams of tetramethyl 
galactoseanilide, and an uncrystallisable syrup weighing 2°6 grams. 

(6) Duplicate with the above, but the trace of acid used to 
decompose the trimethyl glucoseanilide was neutralised before 
concentration. During evaporation, the solution became highly 
discoloured, and repeated treatment with charcoal was necessary. 
Yield of tetramethyl galactoseanilide, 1:6 grams. Crystalline 
trimethyl glucose was formed in small amount, but could not be 
separated from adherent syrup. 

* Haworth and Leitch (Joc. cit., p. 197) state that on hydrolysis of hepta- 
methyl methyl-lactoside the specific rotation becomes constant at +- 76°. 
This is apparently a misprint, as in all our experiments the value was of the 
order -+- 90°, a result which agrees with the known rotations of the sugars 
present. 
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(c) 99 Grams of mixcd sugars gave 5'1 grams of tetramethyl 
galactoseanilide. Here again the soluble anilide developed a very 
dark colour in the course of liberating the trimethyl glucose. The 
syrupy product failed to crystallise until it was distilled (b. p. 
]71—175°/0°3 mm.), after which solidification required several weeks. 

(d) Duplicate with the above. In this case also the crystallisation 
of trimethyl glucose was possible only after distillation, and was 
then imperfect. Yield of recrystallised sugar, 0°7 gram. 

(e) The irregularity of the anilide method was also shown in 
the following experiment. The mixed sugars (28 grams) were 
converted into the corresponding mixture of methylglucoside and 
methylgalactoside, which was further purified by distillation under 
02mm. pressure. The parent sugars were regenerated by hydrolysis 
and then subjected to the anilide reaction; 16:5 grams of tetra- 
methyl galactoseanilide were thus obtained, considerable darkening 
took place in isolating the methylated glucose constituent, and 
only 1°5 grams of crystalline sugar were isolated. 

II. Fractional Solution Eighteen grams of the mixed sugars 
were extracted five times with a large excess of boiling light petrol- 
eum. The undissolved syrup then weighed 14 grams, showing 


‘that the solvent did not penetrate the mass. Treatment of this 


residue with 40 c.c. of dry ether removed 8:1 grams of the mixed 
sugars, and the undissolved syrup crystallised very imperfectly. 

Ill. Fractional Precipitation —15°2 Grams of the mixed sugars 
were dissolved in 20 c.c. of dry ether and 25 c.c. of light petroleum 
gradually added. The precipitated syrup was kept in contact 
with fresh petroleum and yielded 0°95 gram of crystalline trimethyl 
glucose (m. p. 114°). On the other hand, the ether—light petroleum 
mother-liquors deposited 1°34 grams of the new prismatic form of 
the sugar melting at 92—93°. The method was repeated in order 
to isolate further quantities of the new variety, and 26-7 grams of 
the mixed sugars then gave 2°5 grams of trimethyl glucose melting 
at 92—93°. Yield = 17 per cent. 

IV. Glucoside Formation.—Thirty-eight grams of the mixed 
sugars were dissolved in 300 c.c. of methyl alcohol containing 
05 per cent. of hydrogen chloride and the solution was heated at 
110° for forty-eight hours. On isolating the product in the usual 
manner, a syrup consisting of trimethyl methylglucoside and 
tetramethyl methylgalactoside was obtained. This. was frac- 
tionated : 

Fraction I 18:3 grams, b. p. 120—134°/0'4 mm.; )1°4537 
Fraction II 6°5 grams, b. p. 134—142°/0-4 mm.; mp1°4542 
Fraction III 12-7 grams, b. p. 150—158°/0-4 mm.; p1°4583 
Fraction IV 1:5 grams, b. p. 170°/0°4 mm.; p)1°4730 

" uu*2 
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The third fraction contained 70 per cent. of glucoside and 30 per 
cent. of galactoside, and further distillation had little effect on the 
composition. Hydrolysis of the mixture by heating at 100° in 
4 per cent. aqueous hydrochloric acid gave, after the usual treatment, 
a 30 per cent. yield of crystalline trimethyl glucose. 

V. By a combination of methods I and IV it is possible to improve 
the yields of the pure sugar to 50—60 per cent. of the theoretical 
amount. The mixture of the methylated aldoses resulting from 
the hydrolysis of octamethyl lactose is dissolved in four times its 
volume of absolute alcohol and heated at the boiling point for 
four and a half hours with excess of aniline (5 mols.). On cooling, 
tetramethyl galactoseanilide crystallises, and after filtration the 
liquid is distilled with steam. A further quantity of the anilide 
generally separates at this stage, the total yield being 80—85 per 
cent. The liquid is rendered distinctly acid with hydrochloric 
acid and, after a second distillation with steam, neutralised with 
barium carbonate, decolorised with charcoal, and evaporated to 
dryness under diminished pressure. Thereafter the residue is 
extracted with acetone, the solvent removed, and the syrup taken 
up in ether. On filtering and concentrating, some trimethyl 
glucose may separate and any crystals which form within forty. 
eight hours are removed. The uncrystallisable portion of the 
syrup is then converted as described in method IV into trimethy! 
methylglucoside, which, however, still contains some alkylated 
galactoside. Distillation in a high vacuum removes most of this 
impurity in the lower-boiling fraction, after which the glucoside 
fraction is hydrolysed in the usual way with 5 per cent. aqueous 
hydrochloric acid. The solid residue remaining after neutralisation 
and evaporation is extracted with acetone, the solution concen- 
trated to a syrup and taken up in ether. Slow evaporation of the 
solvent gives trimethyl glucose in well-formed needles, and after 
four recrystallisations from ether the melting point is constant. 

The revised constants determined on the pure «-form are given 
in the introduction. Under a pressure of 0°3 mm. the sugar was 
distilled at 171—175° as a viscous liquid which, following the usual 
rule, contained a slight excess of the $-form. No detailed descrip- 
tion need be given of the derivatives of trimethyl glucose, as standard 
methods were used throughout and in no case was a crystalline 
product obtained. Only two typical cases are quoted. 

Trimethyl Glucoseoxime.—A syrup soluble in ether, insoluble in 
light petroleum. [«], in ethyl alcohol + 42° without mutarotation; 
m, 14762 [Found: OMe = 37:4. C,H,o0,Me,N requires OMe 
= 39°1 per cent.]. 

Trimethyl Glucoseanilide—An uncrystallisable yellow syrup 
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which decomposed readily on heating. For analytical purposes 
the compound was dried at 60°/02 mm. (Found: N = 4°47; 
OMe = 30°71. Required, N = 4°77; OMe = 32:4 per cent.). 


2:3:6-Trimethyl Methylglucoside. 


The formation of this compound as a stage in the separation of 


ithe sugar from tetramethyl galactose has already been described. 


Al per cent. solution of trimethyl glucose in methyl alcohol con- 
taining 0°25 per cent. of hydrogen chloride undergoes condensation 
in the cold, and although this procedure is unsuitable as a means 
of preparing the glucoside, the polarimetric record of the reaction 
possesses interesting features which are characteristic of the sugar. 


Specific rotation Specific rotation 
calculated on calculated on 
Time from weight of sugar Time from weight of sugar 
start. initially present. start. initially present. 
0 minute + 77° 50 hours + 41° 
3 minutes +- 64°3 64 ,, — 51 
5, 15, 30, 60, 90 minutes + 64:3 90 ,, — 18:0 
200 minutes + 62 10 x — 27 
24 hours + 36°2 200 ~=—«g, — 36 


When the experiment was finally arrested, the daily increase in 
[2]) was about 1°. The apparent constant rotation maintained 
for the first three hours finds no ready explanation, and cannot 
be accounted for by mutarotation. If two simultaneous reactions 
take place, a dextrorotatory product must be formed in the first 
stage of the condensation, thus obscuring the normal diminution 
of rotation. Such a result would, however, be opposed to the 
customary order in which glucosides are formed and attain equi- 
librium, so that the possibility is not excluded that the above 
figures indicate a partial transference of the sugar from the butylene- 
to the amylene-oxide type. It may be recalled that Denham and 
Woodhouse obtained similar results, although at a greater speed, 
the optical inversion being recorded in twenty-five hours in place 
of fifty-seven hours, and the value [«], — 33° being reached in 
sixty-nine hours. 

2:3:6-Trimethyl methylglucoside was readily prepared by 
heating a 7 per cent. solution of the sugar in methyl alcohol con- 
taining 0°5 per cent. of hydrogen chloride. Condensation was 
complete after thirty hours’ treatment at 100°, but in large-scale 
experiments the heating was conducted at 110° for at least forty 
hours. The acid was neutralised with silver carbonate, the filtrate 
treated with charcoal, and the solvent removed. Distillation gave 
an excellent yield of the glucoside in the form of a colourless, com- 
paratively mobile syrup (b. p. 150°/0°07 mm.; mp 1°4583) readily 


1222 IRVINE AND HIRST: 2:3: 6-TRIMETHYL GLUCOSE. 


soluble in water and organic solvents generally, with the exception 
of light petroleum. The compound failed to solidify on cooling 
or when nucleated with a crystal of 2:3: 5-trimethyl methyl. 
glucoside (Found: C = 50°67; H = 8:37; OMe = 513. 
C,H,0,(OMe), requires C = 50°85; H = 847; OMe = 52°5 per 
cent.). 


Solvent. e. [a}i. 
| IES ERE RSC EET EE ae Re eee ee a cere de + 630° 
DEE iaaksidsdwsannesetsbicnnevakes BEE | “ucinnelaseidiatasncsescenhuuaads + 66°5 
SIE wo cacacduenbonaddich ied DEEP igus vachinsdh abe ewecueteGitE + 62-0 
IEE S.dahivnsarancasnacniensainen UE. . kidueninsickideteeasadesenageeseninn +-70°4 


As the above optical values were determined on a mixture of «. 
and 8-isomerides, they cannot be regarded as constants. 

When 2:3: 6-trimethyl methylglucoside was dissolved in 3% 
per cent. aqueous hydrochloric acid and the solution heated in a 
boiling-water bath, hydrolysis took place and the dextrorotation 
rose and fell in the usual manner, becoming constant at [«] = +- 70° 
after four and a half hours. This value is almost identical with 
that obtained on hydrolysing either «- or §-2: 3: 5-trimethyl 
methylglucoside or trimethyl glucosan (Irvine and Oldham, lo. 
cit.). The coincidence is, however, fortuitous, as on isolating the 
sugar in the usual way the product solidified to a hard mass of the 
crystalline sugar. Yield 50 per cent. 


Oxidation of 2:3: 6-Trimethyl Glucose. 


An 8 per cent. solution of the sugar (5°5 grams) in nitric acid 
(d 1:2) was heated at 80° until reaction commenced, after which 
the liquid was maintained for five hours at 60—64° with occasional 
shaking. By this time the evolution of oxides of nitrogen had 
eeased, and the oxidation was arrested by dilution with a large 
excess of water. The liquid was then distilled under 10 mm. 
pressure with the continuous addition of water until 600 c.c. had 
collected. In this way the bulk of the nitric acid was removed, and 
thereafter the vacuum concentration was resumed with the con- 
tinuous addition of alcohol. After 1500 c.c. had been collected 
in the receiver, the solution contained only a trace of nitric acid. 
The solvent alcohol was evaporated, the residual syrup dried until 
constant in weight by heating for twenty-four hours at 55°/0°5 mm., 
and then distilled under the same pressure. The product, which 
was a yellow, viscous syrup practically neutral in reaction and 
showing mn, 14610, proved to be the diethyl ester of dimethyl 
saccharic acid (Found: C = 48°74; H==7:24; OMe = 200; 
OEt = 29°5. C,H,O,Et,.Me, requires C = 48°98; H = 7-48; 
OMe = 21:1; OEt = 30°6 per cent.). The composition of the 
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ester was confirmed by titration, when 0°2096 gram required 14°4 
ec. of N/10-alkali for complete hydrolysis (Calc., 14°3 c.c.). 

For c = 1/163, the specific rotation in absolute alcohol was 
4 61:7° and the activity remained permanent in this solvent. 
The same constancy in rotation applies to solutions in 50 per cent. 
aqueous alcohol, thus confirming the absence of a lactone ring. 


Preparation of Lead Dimethylsaccharate. 


An aqueous suspension of ethyl dimethylsaccharate was heated 
in a boiling-water bath with excess of lead hydroxide for four 
hours, in which time the rotation became constant. After filtration, 
dissolved lead was precipitated by means of carbon dioxide and the 
liquid again filtered. A syrup remained after evaporation under 
diminished pressure, and on the addition of alcohol the lead salt 
separated as a white, crystalline powder. This was removed, 
washed with absolute alcohol, and dried in a vacuum. (Found : 
OMe = 12:7; Pb = 46°8. C,H,O,Me,Pb requires OMe = 13°9; 
Pb = 46°7 per cent.). This result confirms the loss of a methoxyl 
group during the oxidation and excludes the possibility of con- 
fusion between the diethyl derivative of a dimethyl saccharic acid 
and the monoethyl derivative of a trimethyl saccharic acid. 


The above investigation was carried out in connexion with the 
Carnegie Trust Research Scheme, and we desire to express our 
indebtedness to the Trustees. 

CHEMICAL RESEARCH LABORATORY, 


Unrrep CoLtLecE or St. SALVATOR AND Sr. LEONARD, 
University oF St ANDREWS. [Received, May 31st, 1922. 


CXLVI.—The Quaternary System Potassium Sulphate- 
Magnesium Sulphate-Ammonium Sulphate—Water. 


By ARNOLD WESTON. 


Or the three ternary systems, (i) K,SO,-MgSO,-H,0, (ii) MgSO,- 
(NH,),SO,-H,0, (iii) K,SO,-(NH,),SO,-H,0, which are of import- 
ance to the study of this quaternary system, the first has been closely 
investigated (Roozeboom, “Die Heterogene Gleichgewichte vom 
Standpunkte der Phasenlehre,” III, 1, 198; van der Heide, Z. 
physikal. Chem., 1893, 12, 416), and is of considerable importance in 
the study of the oceanic salt deposits. In this system, the solid 
phase existing between — 3° and -+ 92° is the double salt, 
K,SO,,MgS0,,6H,0, known as the mineral schénite, and which, for 
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brevity, will hereafter be represented by Sx. It is decomposed by 
water and can exist only in solutions which contain excess of 
magnesium sulphate. The second system has not been investigated 
systematically; but it has long been known that the double salt, 
MgSO,,(NH,),S0,,6H,O, can exist as a solid phase. This double salt, 
which is analogous in composition to schénite, it is proposed to call 
ammonium schdénite, represented hereafter by Syxu,. It is not decom. 
posed by water, that is, the system Syx,—H,0 is a true binary system, 
and the solubility of ammonium schénite has been determined by 
Mulder (Scheik. Verhandel., 1864, 226) up to 75°. The third system 
has not been completely investigated, although it is well known that 
the two salts are miscible in the solid state and separate from their 
mixed solutions in the form of mixed crystals. Solubility determin- 
ations were made by Rudorff (Ber., 1873, 6, 485) of ammonium sul- 
phate in potassium sulphate solutions and vice versa, but this 
investigator did not realise the importance of determining the 
composition of the solid phase. It is also known that the two 
double sulphates, Sx and Syu,, are isomorphous and separate from 
mixed solutions in the form of mixed crystals (Retgers, Z. physikal. 
Chem., 1890, 6, 193). It is to be expected, therefore, that in 
the quaternary system K,SO,-MgSO,-(NH,),SO,-H,0 there will 


be found as solid phases: (i) a potassium sulphate-ammonium 
sulphate mixed crystal and (ii) a schénite-ammonium schénite 
mixed crystal, and the original object of the present investigation 
was to determine the conditions under which schénite could be 
crystallised from solutions which contained ammonium sulphate 
in addition to its two simple constituent sulphates; that is, to 
determine the limits of stability of schénite, in the form of its mixed 
crystal, in contact with quaternary solutions. 

The quaternary system has therefore been investigated at 30°, 
and the three fundamental ternary systems have been submitted 
at this, and some other temperatures, to a closer study than they 
have previously received. 


EXPERIMENTAL. 


General Method of Procedure.—The salts were mechanically mixed 
in known proportions and water was added until they were just 
dissolved at temperatures about 15° higher than that of the iso- 
thermal; the mixtures were next stirred in the thermostat for some 
hours, and then, after settling, samples of the solutions and of the 
residue were taken for analysis. The temperature of the thermostat 
was kept constant within 0-05° by means of an electrical control ; 
for the isothermal at 60° a gas-heated thermostat was used, the 
temperature of which did not vary by 0-1°. 
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Ammonium was estimated by the usual distillation method ; 
magnesium by means of the Gibbs’s phosphate method, and the 
sulphate by precipitation as barium sulphate. When necessary, the 
“total solid ’’ was estimated by evaporating a known volume over 
the water-bath and drying to constant weight in an electric oven, 
regulated at 120°. 

When mixed crystals occurred, the procedure was modified, 
because it then became necessary to deal only with very small 
residues, which were obtained by adding water to the mixtures until 
they were just dissolved at temperatures only two or three degrees 
above that of the isothermal. 


The Ternary System K,SO,-MgSO,-H,0 at 30°. 
The results obtained in this system are shown in Table I and 
represented within a triangle in Fig. 1. 


TABLE I. 
Solution. Residue. 
o> K,SO,. °GMgSO,. %H,O. %K,SO,. MgSO, %H,O. Solid phase. 
11°20 0-00 88°80 — — — K,SO, 
11-98 3°45 84°57 Unweighable Mg ppt. 9 
12°64 9°49 77°87 a -~ 2 99 
12°47 12°88 74°65 39°80 27°45 32°75 Sk 
11-66 13°19 75°15 41-02 28°46 30°42 os 
8°59 18°08 73°33 ° 38°64 28°06 33°30 ” 
6°93 26°05 67°02 37°10 29°91 32°99 Mixed crystal 
6°60 26°27 67°13 25°55 35°57 38°88 ” % 
6°60 26°29 67°11 22-00 35°80 42°20 - RB 
5°98 26°20 67°82 11°28 40°92 47°80 - - 
4°36 27°48 68°16 5°69 39°75 54°56 a 9 
3°41 27°69 68°90 1:08 42°28 56°64 - oi 
0-00 29°03 70°97 0:00 48°78 51°22 MgS0O,,7H,O 


The composition of the double salt (Sx) is 43-26%K,S0, : 29-88% 
MgSO, : 26-86% H,0. 

It was to be expected that the isotherm would show three satur- 
ation curves, namely, those of potassium sulphate, schénite, and the 
heptahydrate of magnesium sulphate. It will be seen, however, 
that solutions represented on the curve CD, ending on the side 
H,O-MgSO, of the triangle, are not in equilibrium with the pure 
heptahydrate of magnesium sulphate, but with mixed crystals 
which contain both potassium and magnesium sulphates. It will 
be seen from the diagram that there is no indication of the separation 
of mixed crystals from solutions represented by the remaining two 
saturation curves, AB and BC. As far as the author is aware, these 
isothermal saturation curves have not previously been investigated, 
in spite of their great importance, and the fact that mixed-crystal 
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formation has not previously been reported must be ascribed to 
this omission. The work of van der Heide (loc. cit.) was confined 
to an investigation of the polythermal saturation curves and 
defines only the positions of the isothermal invariant points B and 
C. Van der Heide showed that: (i) schénite in the presence of its 
saturated solutions, is unstable below —3°, breaking down into its 
constituent simple salts; (ii) there is only one cryohydric point in 
this ternary system, namely, that corresponding with the eutectic 
ice-K,SO,-MgSO,,7H,O-saturated solution, the temperature for 


Fic. 1. 
The Ternary System K,SO,-MgSO,-H,0 ai 30°. 
H,O 


K,SO, MgSO, 


this point being —4-5°; * (iii) in the binary system MgSO,-H,0, 
when ice and MgSO,,7H,0O are in equilibrium with the saturated 
solution, the cryohydric temperature is —6°.* Thus the eryohydric 
temperature is actually raised by the addition of a third com- 
ponent (K,SO,). This observation is contrary to theoretical 
deductions if we assume the solid phases to be of constant com- 
position. This point is commented upon by Schreinemakers 
(Roozeboom, op. cit., p. 199) and may now be satisfactorily explained 
by the observation that magnesium sulphate may separate in the 
form of a mixed crystal from solutions which contain potassium 


* These temperatures were confirmed during this research. 
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sulphate. Since the lines HK and HSx (Fig. 1) lie very close 
together, and since mixed crystals occur on one side only of the 
invariant point C, it is very difficult to draw any conclusion as to 
the exact nature of these mixed crystals; and it is equally difficult 
to determine the two solid phases which are in equilibrium with 
this isothermal point C. Van der Heide assumed them to be 
sch6nite and magnesium sulphate heptahydrate, but this is certainly 
not the case. It is to be noticed, however, that the system 
FeCl,-NH,CI-H,0 shows an almost similar behaviour (Roozeboom, 
Z. physikal. Chem., 1892, 5, 148). Finally, attention is directed to 
the very large changes which take place in the composition of the 
mixed crystal with small changes in the composition of the solution. 


The Ternary System MgSO,-(NH,),SO,-H,0. 


The results obtained in this system are shown in Tables II and 
III, and are represented within a triangle in Fig. 2. 


TABLE II. 
Solution. Residue. 
o/ of Oo/ % o/ o/ 
/0 /0 /0 () /0 /0 : 
MgSO,. (NH,).SO, H,0. MgSO,. (NH,),SO, H,0. Solid phase. 
0:00 43°60 56°40 — — — (NH,),SO, 
0°30 41°20 58°50 27°83 37°96 34°21 \ 
1°25 26°15 72°60 29°40 35°50 35°10 
301 19°17 77°82 30°20 35°16 34°64 
7°30 10°55 82°15 31°73 34°02 34°25 
8:71 9°57 81-72 32°93 36°17 30°90 \Syu, 
9°66 8°97 81°37 27°05 29°77 43°18 
16°53 6°31 77°16 31:10 34°23 34°67 
20°20 4°55 75°25 30°62 31°88 37°50 
27°60 2°98 69°42 32°07 28°54 39°39 
29°03 0:00 70°97 48°78 0:00 51:22 MgS0O,,7H,O 


The composition of the double salt (Syu,) is 33-339 MgSO, : 36-67% 
(NH,),SO, : 30%H,0. 
TaBe III. 
MgSO,-(NH,),S0,-H,0 at 60°. 


Solution. Residue. 


o 


o/ 0% oy o/ s 0/ 
/O o /O /O /O /O = 
MgSO,. (NH,),SO, H,O. MgSO, (NH,),SO,  H,O. Solid phase. 


— 46°80 53°20 — — — (NH,),SO, 
4°68 26°77 68°55 29°41 35°95 34°64 
5°06 24°37 70°58 30°09 35°69 34°22 
11-92 14°27 73°81 30°25 33°85 35°90 
12°65 13°88 73°47 32°93 36°17 30°90 > Syay 
15°04 11°91 73°05 31°35 34°69 33°96 
26°85 5°85 67°30 31°84 31°85 36°31 
31°10 3°98 64°92 33°04 28°57 38°39 


35°24 cou 64:76 52°63 —_ 47°37 MgSO,,6H,O 
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The isotherms in this system at 30° and 60° show three saturation 
curves—those of the magnesium sulphate hydrates, ammonium 
sulphate, and ammonium schénite. It will be seen that ammonium 
schénite, unlike schénite itself, is not decomposed by water and ig 
stable, in contact with a very wide range of ternary solutions, at 
both the experimental temperatures. So much was this the case 
that the saturation curves of the simple salts were not experiment. 


Fic. 2. 


The Ternary System MgSO,-(NH,),SO,-H,0 at 30° and at 60°. 


H,O 


(NH,),SO, MgSO, 


ally realisable. The isotherms in Fig. 2 are, in fact, diagrammatic 
to the extent that these curves, as shown, cover too large a range; 
the isothermal invariant points lie nearer the sides of the triangle 
than is shown in the figure. 


The Ternary System K,SO,-(NH,),SO,-H,0. 


The results obtained in this system are shown in Tables IV and V, 
and are represented in Figs. 3 and 4. 
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TABLE IV. 
Solution. Residue. Solid phase. 
Penns 
% % ” 6 o% % 2%, % 
K,S0,. (NH,,80, H,0. K,S0, (NH),80,  H,0. K,S0,. (NH):50, 
0-¢ 44-2 aS — — (NH,),SO, 
1-2 42°7 561 = 16 90°3 8:1, 96°7 3°3 
2-4 40-9 56-7 22°1 69°3 8-6 87°8 12-2 
41 37°8 581 33-9 57°8 8°3 | Mixed 71:3 28°7 
59 33°5 60°6 50°8 42°3 6-9 Luxe 56-4 43°6 
64 310 626 622 30-0 7-g (crystals 39.7 61-3 
9-1 18°5 724 84-0 12-7 3°3 258 74:2 
10°7 8-4 80-9 93-2 3:1 3°7 1°8 98-2 
11-2 0-0 888 — — K, 0, 
TABLE V. 
Solution. Residue. Solid phase. 
KjSO,. (NH,,S0,  H,0. K,S0, (NH,,S0,  #H,0. 0 K,S0,. %(NH,),80, 
0-0 100 1293 — — — (NH,).SO, — 100 
4:28 95°72 133°9 11°05 88°95 40°70) 7 12 86 
741 92°59 139°6 1881 81:19 63°72 28 72 
976 90:24 143-9 25:02 74°98 70°85| e.g 40 60 
1114 8886 153-0 40°36 59°64 47-11 53 47 
14°73 85°27 1718 57°14 42°86 36-84] °TYS'S 69 31 
24:30 75°20 237°5 67°78 32:22 63°48 84 16 
46:99 53°01 393°5 88°82 11°18 42°63 94 6 
100 0-0 8345 — cons — K 0, 100 0 
Fia. 3. 
The Ternary System K,SO,-(N H,),SO,-H,0 at 30°. 
K,SO, _ (NH,),SO, 
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The isotherm obtained at 30° is given as usual within a triangle; 
but the method of Jiinecke has been used to represent that at 25°, 
In the latter method, the weight of water contained in the saturated 
solution formed from 100 grams of the mixed salts is plotted by 
means of rectangular co-ordinates against the percentage com- 


position of the salt mixture. This method is used for the 25° the * 
isotherm because it greatly facilitates the deduction of quantitative J cha™¢ 
data of the kind illustrated in the later discussion. separ 

At each temperature the isotherm shows only one curve, a con- Th 
tinuous series of mixed crystals being formed between the two  rdi 
sulphates. The compositions of the mixed crystals which are in Su 


Fia. 4. 
The System K,SO,-(NH,),SO,-H,0 at 25°. 


(NH,),SO, _K,80, 


at 

equilibrium with the various saturated solutions have been read off th 
from the isotherm (Fig. 4) and are included in Table IV. The curve ot 
in Fig. 5 shows the relation which exists between the composition ™ 
of the mixed crystal and that of the salt mixture, contained in the 9: 
saturated solution with which the crystal is in equilibrium at 25°; - 
the composition of the mixed crystal is represented on the vertical 
axis and that of the salt mixture in solution on the horizontal axis. ~ 
A system in which the mixed crystal had always the same com- . 
position as the salt mixture in solution would be represented in " 
such a diagram by a straight line, bisecting the axes. . 
The curve in Fig. 5 shows at once that over almost the whole ; 


range the mixed crystal is far richer in potassium sulphate than is 
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the corresponding dissolved mixture. Further, the exceedingly steep 
rise in the curve as the composition of the mixed crystals approaches 
fo pure ammonium sulphate shows that very small changes in the 
composition of the solution in this region effect very large changes 
in the composition of the corresponding mixed crystals. Hence, as 
the solid is separating, the composition of both liquid and solid is 
changing rapidly. It is thus necessary to work with as small a 
separation as possible. 

The maximum efficiency of recrystallisation, at 25°, can very 
readily be calculated by means of Figs. 4 and 5. 

Suppose it is required to separate a mixture containing 50 per’ 
cent. of potassium sulphate and 50 per cent. of ammonium sulphate. 


Fic. 5. 
The System K,SO,-(NH,),SO,-H,0 at 25°. 
100 % ae 
K,S 4 A 
B ++ 
3h 
$ 
| 
| 
Ss 7 
2 | 
100 % 100 % 
(NH,),80, + . K,SO, 
Liquid phase 


Suppose the mixture be dissolved in water and allowed to crystallise 
at 25°. When the solution first becomes saturated, it will have 
the composition given by the point A in Fig. 4, that is :— 
50K,SO, : 50(NH,),SO,:420H,O. The first mixed crystals to separate 
will therefore have the composition given by the point A in Fig. 5 :— 
95K,SO, : 5(NH,),SO,. As water continues to evaporate, the 
solution will become richer in ammonium sulphate (the more soluble 
constituent); let us suppose that crystallisation is allowed to pro- 
ceed until the saturated solution attain the composition given 
by the point B on the saturation curve in Fig. 4, that is :— 
25K,SO, : 75(NH,),SO, :240H,O. The composition of the last 
mixed crystal to separate will then be given by the point B in 
Fig. 5, namely :—84K,SO, : 16(NH,),SO,. The composition of 
the solid deposited during this process can be assumed to be 
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the average of the first and last mixed crystals, namely :— 
89-5K,SO, : 10-5(NH,),SO,. If, therefore, starting from solution 
A, x parts by weight of solution B are obtained, depositing y parts 
by weight of the “‘ average ’’ mixed crystal and evaporating z parts 
by weight of water, the following mathematical identity holds good: 


[50(NH,),SO,,50K,SO,,420H,0] =2{75(NH,),S04,25K,S04,240H,0] 
+ y[10-5(NH,),SO,,89-5K,SO,] -+ 2H,0, 


and by equating the weights of ammonium sulphate, potassium 
sulphate, and water on each side of the equation the three following 
simple simultaneous equations are obtained : 

(i) 75a + 10-5y = 50; (ii) 25a + 89-5y = 50; (iii) 240x +2=420. 
which work out to give:—xr=0-612; y= 0-388; z= 273. 
Therefore, starting from a saturated solution containing 100 grams 
of the mixed salts in equal quantities, it is possible to separate, in 
one crystallisation, 38-8 grams (100 y) of crystals which contain 
only 10-5 per cent. of ammonium sulphate, and leave in solution 
61-2 grams of mixed salts which contain only 25 per cent. of potassium 
sulphate ; in order to do this it is necessary to evaporate 273 grams 


of water. - The effect of a second crystallisation may be calculated 
in the same way. 


The Quaternary System K,SO,-MgSO,-(NH,),SO,-H,0. 


The isotherm in the quaternary system K,SO,-MgSO,—(NH,),S0,- 
H,0 has been drawn from the results given in Table VI and is shown 
by Janecke’s method in Fig. 6. 

There are only three solid phases which can occur in this system 
at 30°: these phases are magnesium sulphate heptahydrate; the 
simple salt mixed crystal (of potassium and ammonium sulphates), 
which for brevity will be referred to as [K,(NH,),)SO,; and the 
double salt mixed crystal (of potassium and ammonium schénites), 
which, similarly, will be denoted by Sx-nx,. In the isotherm, 
there are, accordingly, three fields, points in which represent solu- 
tions saturated respectively with each of these three solids. These 
fields are appropriately marked in Fig. 6. The saturation fields are 
separated from one another by saturation curves, the points of 
which represent solutions saturated with two of the solid phases. 
Thus points on the curve AB of Fig. 6 represent solutions simul- 
taneously saturated with both the simple salt and double salt 
mixed crystals, [K,(NH,),JSO, and Sx-nn,. It ends in points 

A and B, which represent ternary solutions simultaneously saturated 
with both simple and double salt. Thus at A... K,SO, + Sx; 
and at B... (NH,),SO,+ Sys, A number of points have 
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been determined on this saturation curve, AB, and in the two fields 
which are bounded by it. 

The curve CD is the quaternary saturation curve of the two 
solid phases, Sx-nz,-+ MgSO,,7H,O. It runs continuously 
between the points C and D, which represent ternary solutions 
saturated with the solids Sx +-MgS0O,,7H,0 and Syx, + MgS0O,,7H,0 
respectively. This curve lies too near the side of the triangle to 
be readily realised experimentally and no points, except the terminal 
points, have been determined on it. Similarly, the saturation field 


Fic. 6. 
The Quaternary System K,SO,-MgSO,-(NH,),80,-H,0 at 30°. 
K,SO, 


MgSO, 


of magnesium sulphate heptahydrate is too small to be easily 
investigated. 

The system formed by water and the two double salts Sx and 
Swu, is represented in Fig. 6 by the section Sx—Syn, of the 
isotherm. This line traverses, for the greater part of its length, the 
saturation field of the double salt mixed crystal, Sx-nu,. Since 
the composition of this mixed crystal can always be expressed in 
terms of Sx and Syu,, the system Sx-Syn—H,O behaves, in 
this region, as a true ternary system, perfectly analogous to the 
system K,SO,-(NH,),SO,-H,0. 

With regard to the crystallisation of schénite from ternary and 
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fields 


from quaternary solutions, we may, therefore, draw the following 


conclusions : 
Unsaturated solutions prepared by dissolving schénite alone in 


two 


usly | water (or its constituent simple salts in the correct proportions) 

tions will always deposit first the simple salt, potassium sulphate, on 

HO concentration, and not the double salt itself. Unsaturated solu- 

le to § tions prepared by dissolving a mixture of schénite and ammonium 

rr schénite in water (or the constituent simple salts in the correct 
e 


proportions) may, on concentration, first deposit a double salt 
mixed crystal containing schénite and ammonium schénite. 

Referring, again, to the isotherm in Fig. 6, we see that the line 
Sx-Syu, traverses, for a short distance, the saturation field of the 
simple salt mixed crystal, [K,(NH,),)SO,. The composition of this 
mixed crystal evidently cannot be expressed in terms of Sx and 
Sux, alone; in other words the system Sx-Syx-H,O in this 
region ceases to be ternary. 

With regard then to the crystallisation of ammonium schénite 
from ternary and from quaternary solutions, the following deduc- 
tions can be drawn : 

Unsaturated solutions formed by dissolving ammonium schénite 
alone in water (or its constituent simple salts in the correct pro- 
portions) will deposit first the double salt itself on concentration. 
Unsaturated solutions formed by dissolving a mixture of ammonium 
sch6nite and schénite in water (or their constituent simple salts in 
the correct proportions) may, on concentration, first deposit a simple 
salt mixed crystal containing ammonium sulphate and potassium 
sulphate. 

The system Sx-Syu,-H,O which has just been discussed was 
investigated experimentally at 30°. The results are given in 
Table VII and are represented graphically within a triangle in 
Fig. 7; the results are here given and plotted as percentages of the 
anhydrous double salts. The point F in this figure corresponds with 


TABLE VII. 
K,SO,,MgSO, : (NH,).SO,,MgSO, : H,O at 30°. 


Solution. Residue. 


be % K Salt. NH, Salt. %H,O. °% K Salt. °%NH, Salt. %H,O. 
al 18 16°5 81:7 — — o— 
: 31 15°6 81:3 6°7 59°3 34:0 
In 70 13°2 79°8 -- ~- -- 
in 8°5 12°6 73°9 — _ snl 
12-8 9-9 173 32°5 32°6 34-9 
he 17°2 70 758 38°7 26°9 34:4 
19°3 56 Tl 46°7 21-7 31-6 
Point G — 18°3 81:7 — — — 
1d F Point F 20-7 4:3 75°0 moti saa ets 
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the point F in Fig. 6 in which the line Sx-Syn, cuts the curve AB, 
This point fixes the limit of the system Sx—Syxu,—-H,O as a true 
ternary system ; the solution which it represents has the approximate 
percentage composition 4°3Syn,:20-7Sx :75H,O. This mixture 
of double salts (4-3Syu, to 20-7Sx) represents a limiting mixture 
in the sense that mixtures richer in ammonium schdénite than this, 
when dissolved to form an unsaturated solution, and then evaporated 
at 30°, will deposit first the double salt mixed crystal; but mixtures 
richer in schénite than this, when dissolved to form an unsaturated 


The Ternary System Sx-Sxn,-H,0 at 30°. 
H,O 


Sk SNH, 


solution, and subsequently evaporated at 30°, will deposit first the 
simple salt mixed crystal. It is seen that the saturated solutions 
represented in Fig. 7 by points situated to the right of F, lie on a 
continuous curve—the ternary saturation curve of the double salt 
mixed crystal. Saturated solutions formed from mixtures of the 
double salts still richer in schénite than the mixture contained by 
the solution F could not be represented by points in the triangle 
Sx : Syn, : H,O, that is, their composition could not be expressed 
in terms of these three substances alone. 

If the curve GF be continued beyond F (as shown dotted in Fig. 7), 
it will meet the side H,O-Sx of the triangle in a point H representing 
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a solution of the composition 27 per cent. of Sq and 73 per cent. of 
water. This gives the composition of a saturated solution of pure 
schonite in water—a solution which, if it can exist at all, can 
only exist as a metastable phase, supersaturated with respect to 
potassium sulphate. 

Approximately the same value for this “ metastable solubility ”’ of 
schénite in water is given by the point in which the metastable 
prolongation of the saturation curve CB of schénite in the ternary 
system K,SO,-MgSO,-H,0 (Fig. 1) intersects the line H,O-Sx. 

Other systems which are represented at 30° by sections of the 
isotherm in Fig. 7 are Sx-(NH,),SO,-H,O and Syx,-K,SO,-H,0. 
The behaviour of these systems may be readily deduced from the 
quaternary isotherm. 


Finally, the author wishes to take this opportunity of expressing 
his thanks to Dr. D. A. Clibbens for the interest he has taken in 
this work. 
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CXLVII.—The Dissolution of Gelatin. 


By FrRep FarIRBROTHER and ENocH Swan. 


Ir a piece of dry gelatin be placed in water, it will take up water 
and swell, and at the same time a certain amount of the gelatin 
will pass into solution, the presence of which can be shown by suit- 
able precipitating agents. 

Hofmeister, in his original observations on the swelling of gelatin, 
remarked that when the jelly had swollen, the superficial layers 
tended to go into solution, especially if the medium were acid or 
alkaline. M. H. Fischer (“‘ Edema and Nephritis ’’) has shown in a 
qualitative way that gelatin and other proteins tend to dissolve 
in dilute acids or alkalis, the solubility being larger the greater the 
divergence from neutrality of the medium. Kuhn (Koll. Chem. 
Beihefte, 1921, 14, 148) mentions the solubility of gelatin in organic 
acids. No quantitative estimations of this “ solubility,’ however, 
appear to have been made. 

Several workers have investigated the equilibrium between 
gelatin and hydrochloric acid and between gelatin and sodium 
hydroxide (for example, Procter, T., 1914, 105, 313; Procter and 
Wilson, T., 1916, 109, 307; Lloyd, Biochem. J., 1920, 14, 153; 
Loeb, J. Gen. Physiol., 1918), but have confined their attention, as 
regards the gelatin, to that enclosed in the gel. Procter (1914) 
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states that the jelly salt ‘‘ cannot diffuse from the jelly owing to the 
colloidal nature of its cation.” 

It has generally been assumed that the gel acts as its own seni. 
permeable membrane, preventing the diffusion of the gelatin 
enclosed in the gel into the surrounding liquid. This may be go, 
but the formation of a Donnan membrane equilibrium, which it 
has been assumed is set up when a gel is put into acid or alkali, 
necessitates the absence, or different concentration, of gelatin ions 
in the outer liquid. 

In order to account for the presence of gelatin in the surrounding 
liquid, it is not necessary to assume that the outer layers of the gel 
are permeable by the enclosed gelatin. If gelatin, when put into 
an acid (or alkaline) medium, can form gelatin salts within the gel 
by the diffusion of the inorganic ions into the gel, it is scarcely less 
likely that the outer layers of gelatin, through which the inorganic 
ions have to pass, will in a like manner form salts, which, if the salts 
are soluble, will tend to diffuse away into the surrounding medium. 

It has been shown that gelatin does possess a measurable, if 
small, osmotic pressure (Lillie, Amer. J. Physiol., 1907, 20, 127; 
Biltz, Z. physikal. Chem., 1916, 91, 705). Lloyd (loc. cit.) states 
“ the fact that the internal phase of swollen jellies can be shown to 
contain gelatin hydrochloride as a non-gelling compound shows that 
the colloidal ion must be diffusible and must therefore exert an 
osmotic pressure.” 

Moreover, we have shown that gelatin in solution can diffuse at 
an appreciable rate in the absence of any membrane by covering 
gelatin at the bottom of a tall cylinder with water or dilute hydro- 
chloric acid, and after allowing the system to remain undisturbed 
for a few weeks, demonstrating its presence at the top of the 
cylinder. This experiment was performed with dry gelatin, and 
with dialysed gelatin. On the other hand, no diffusion could be 
detected through a parchment-paper thimble. 

It may possibly be objected that the substance which appears in 
the surrounding liquid when gelatin is put into water, or acid, or 
alkali, is a soluble decomposition product that was present in the 
gelatin. To a small extent this may be the case, but it cannot be 
mainly so, for gelatin which has been dialysed for a considerable § 
time, and also gelatin which has been washed with dilute hydro- 
chloric acid and dialysed free from acid, when put into water, behave 
in a similar manner. Moreover, with progressively increasing con- 
centration of acid or alkali, more and more gelatin goes into solution, 
until finally the gelatin is wholly dissolved. The size of the mole- 
cules of the dissolved substance is indicated by the fact that not a 
trace would diffuse through a parchment thimble. 
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The following experiments indicate the “solubility ” of gelatin 
in different solutions under various conditions. 


EXPERIMENTAL. 


Materials.—The gelatin used was Coignet’s Gelatin Extra (Gold 
label). The sheets were cut into long strips, which were well mixed 
and further cut into squares of approximately ?-inch side. 

The majority of the experiments were performed with the same 
ample of gelatin (A); but owing to a larger number being carried 
out than was originally planned, it was necessary to use another 
sample of the same brand (B) for some of the later experiments. 

The analyses of the gelatins were as follows: 


Ash. Water. Pu-* 
2-24% 167% 5°6 
113% 19°0% 54 


* 1% solutions were measured against the hydrogen electrode at 20°. 


The tannic acid was tannic acid for medicinal purposes, the 
same sample being employed throughout the experiments. 

The inorganic materials were as pure as could be obtained, the 
alts being further recrystallised several times. 

Estimation of Gelatin—The concentration of the gelatin to be 
estimated was of the order of 0-3 per cent. and less. It is immediately 
obvious that the estimation was a matter of some difficulty, because 
gelatin in very dilute solution gives no visible or filterable precipi- 
tate with many of the usual precipitating agents. Tannic acid, 
however, gives a precipitate which can be filtered, even with solu- 
tions as dilute as 0-002 per cent. With regard to the nature and 
composition of this precipitate, there is much conflicting evidence. 
Davy (Phil. Trans., 1803, 233), Lipovitz (Jahres. Fort. Chemie, 1861, 
(24), Rideal (“* Glue and Glue-testing,” 1900), Mulder and Williams 
(Allen, “Commercial Organic Analysis,” iv, pp. 463, 484), and 
Bottinger (Procter’s “‘ Principles,’’ p. 63) each give a different ratio 
of the amount of gelatin to that of tannin in the precipitate. 
According to Trunkel (Biochem. Z., 1910, 26, 458), the reaction is an 
adsorption phenomenon. Wood (J. Soc. Chem. Ind., 1908, 27, 384) 
f found the ratio to vary with the concentration of the solutions 
and the time. 

By defining the experimental conditions and estimating the 
amount of precipitate obtained from a given weight of gelatin, it 
was found possible to employ this tannic acid-gelatin precipitate 
as a means of estimating gelatin. 

The method adopted in the estimations was as follows. 
Twenty c.c. of the gelatin solution were, in the case of the acid 
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and alkali experiments, neutralised with potassium hydroxide or 
hydrochloric acid of suitable concentration, using neutral-red as 
indicator. Control experiments indicated that the presence of 
potassium salts in concentrations of the order of those met with in 
the experiments did not affect the amount of precipitate obtained; 
in fact, in the presence of the salts the precipitate was more easily 
filtered and washed, being coagulated and less gelatinous. Where 
electrolytes were otherwise absent, 1 c.c. of N./20-potassium chloride 
was added. 

The total volume was made up to 40 c.c. with water, and 20 c.c. 
of a 1 per cent. solution of tannin added. The precipitate was 
kept at 0° for half an hour, filtered through a tared filter, and then 
washed with water at about 50° until the concentration of tannin 
in the filtrate as shown by the colour developed with ferric alum 
amounted to less than 1 part in 50,000. Comparatively few wash- 
ings were required to reach this stage. The warm water caused 
the precipitate to contract, but control experiments showed that 
continued washing did not sensibly affect its weight. After being 
dried at 100°, further heated at 105° for half an hour, and cooled, 
the precipitate had the appearance of a dark brown, glassy mass. 

Calibration curves were constructed, using weights of gelatin 
ranging from 0-001 gram to 0-08 gram (dry) dissolved in 20 c.c. 
It was found that the ratio of gelatin to tannin was not constant, 
but varied with the concentration. The ratio also varied slightly 
between the two gelatins. 

Determination of Solubility—A uniform procedure was adopted 
as follows. Quantities of 1 gram of gelatin in ?-inch squares were 
placed in conical flasks of resistance glass of 250 c.c. capacity, 
together with a few crystals of thymol, 100 c.c. of each of the 
liquids were then poured on the gelatin, and the flasks stoppered to 
prevent evaporation. Control experiments showed that the thymol 
had no effect on the “ solubility.” 

The flasks were kept for ten days in a room of fairly uniform 
temperature (15—17°), being very gently shaken once each day in 
order to assist the attainment of equilibrium. Anything in the 
nature of violent shaking, which might have mechanically detached 
particles of gelatin, was carefully avoided. 

It was impracticable, on account of the large space occupied by 
the flasks, to use a thermostat, which would have been preferable, 
as it was found that temperature is not without effect on the “ solu- 
bility.’’ But since the flasks in any one series, and in some cases 
in several series, were always kept together, the results are 
comparable. 

A considerable number of preliminary experiments in the case 
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of both water and dilute acid showed that there was no increase in 
“solubility ’’ after eight to ten days, even when the experiment was 
continued for thirty days. This is evidence that progressive 
hydrolysis is not the cause of the “ solubility.’”’ Also Fischer’s 
experiments show that there is distinct dissolution within eighteen 
hours. Moreover, Lloyd (loc. cit.) has shown that the spontaneous 
dissolution of gelatin in hydrochloric acid may take place without 
any breakdown of the protein molecule, although a subsequent slow 
hydrolysis takes place. 


‘0 c.c. ff Each experiment was done in duplicate; that is, two separate 
> was # amounts of gelatin were kept in contact with two amounts of the 
| then same liquid and the gelatin was estimated separately in each. 
annin § At the end of ten days the liquid was decanted from the swollen 


glatin and filtered through fairly close-grained paper to remove 
any macroscopic particles of gelatin. To avoid as far as possible 
any disturbances due to adsorption by the filter-paper, the first 


that two portions of the filtrate were rejected and the gelatin content 
being J was estimated in 20 c.c. of the remainder by the method already 


described. 


TABLE I. 


latin - 6 a ait r 
‘pee Solution in Water. Gelatin A. 
tant, Effect of Temperature. 
rhtly Gram of dry gelatin in 100 c.c. of solution. 
Temp. (1). (2). Mean. 
ted 22° (thermostat) 0°10 0°10 0-10 
pte 18°3° (thermostat) 0-08 0-07 0-07 
were 15—17° (room temperature) 0°05 0°05 0°05 
. 0° (ice chest) 0-02 0-01 0-02 
city, 
the f It will be seen that the effect of temperature is considerable. The 


melting point of a 2 per cent. gel was later found to be about 29°. 
It would be interesting to determine the “ solubility ” at a temper- 
ature closer to the melting-point. The “solubility ’’ probably rises 
sharply. Hardy (Proc. Roy. Soc., 1900, 65, 95) found an increase 
with temperature of the gelatin content of the liquid expressed from 
a gel. 

As might be expected, the previous history of the gelatin influ- 
ences the “ solubility,” as does also to some extent the ratio of the 
volume of water to the weight of gelatin, the effect of the latter 
being more marked when the gelatin is capable of taking up most 
of the water in swelling. This suggests that an equilibrium is set 
up between the gelatin within the gel and that in the outer liquid, 
which probably plays an important part in the process of swelling. 
This view is supported by the fact that a gelatin disk which was 
allowed to swell in the same water until practically constant weight 
VOL, CXXI. xX X 


“ec 
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had been attained, on removal to fresh water showed a sharp 
increase in the swelling curve. It is hoped to examine this point 
more closely. Inthe experiments recorded in this paper, the previous 
history of all the gelatin employed was the same, and the ratio 
of gelatin to liquid was kept constant. The importance of the latter 
condition in the case of acids and alkalis is obvious. 

The mean of a considerable number of determinations of the 
“ solubility ’’ of gelatin in distilled water at room temperature 
gave the concentration of gelatin as 0-05 gram in 100 c.c. 

Dissolution in Acids and Alkalis.—The initial concentration of the 
solutions varied from 0-2 to 5000 millimols. per litre. 

As will be noticed, there is distinct evidence, in the case of the 
acids, of a minimum “ solubility ’”’ lower than that in pure water. 
This is interesting in view of the well-known minimum in the swell- 
ing curve of gelatin in acids and in the osmotic pressure curve 
obtained by Lillie. 1n the case of nitric acid it was not found 
possible to establish a minimum “ solubility.” A minimum may 
exist, but it was not detectable with the method of estimation of 
gelatin employed ; estimation of the gelatin by means of its nitrogen 
content may, however, suffice to settle the point. The minimum 
with acetic acid is also not well defined. There is no evidence of 
any minimum in the case of the alkalis, and the amount of gelatin 
dissolved increases much more rapidly with the concentration than 
in the case of acids. 

In Table II the initial and final concentrations of the acids and 
bases are given in millimols. per litre, and the concentration of 
gelatin (of which the mean values are given) in grams per 100 c.c. 
of final liquid. In three or four instances only did the weights of 
gelatin in similar experiments differ by more than 0-01 gram per 
100 c.c. of final liquid ; duplicates were commonly identical. ‘* All” 
signifies that the gelatin dissolved completely. The concentration 
0-0 refers to experiments made in distilled water. 

Gelatin showed less solubility in solutions of neutral potassium 
salts than in pure water, the effect of the salts being approximately 
in the order of the Hofmeister series, 0-05 M-potassium citrate 
decreasing the gelatin content to less than 0-02 per cent., whilst 
in potassium thiocyanate solution of the same concentration there 
was no detectable difference in the “ solubility ’ from that in pure 
water. The salts of the other anions of the series produced 
corresponding effects. 

The concentration of the salt solution seemed to have little or no 
influence between the limits 0-02 M and 0-2 M. 

It will be seen, therefore, that under experimental conditions 
similar to those obtaining in the determinations of the swelling of 
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gelatin carried out by different workers, an appreciable amount of 
gelatin passes into solution. This dissolved gelatin, whatever its 
state of aggregation, cannot be neglected in any complete con. 
sideration of the equilibrium between gelatin and acid or alkali. 


Summary. 


(1) It has been shown that when a gelatin jelly is in equilibrium 
with water or dilute acid or alkali, gelatin exists in solution in the 
liquid surrounding the gel. 

(2) A number of determinations of the extent of this dissolution 
have been made, the precipitate of tannin with gelatin being used 
for the purpose. 

(3) The “ solubility ” curves show a similarity to the swelling 
and osmotic pressure curves of gelatin. 

(4) With the exception of the minimum “ solubility ” in the case 
of acids, gelatin dissolves to a greater extent in dilute acid or alkali 
than in water. 

(5) Neutral salts decrease this “ solubility.”’ 
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CXLVIII.—Limits for the Propagation of Flame in 
Vapour-Air Mixtures. Part I. Mixtures of Air 
and One Vapour at the Ordinary Temperature and 
Pressure. 


By ALBERT GREVILLE WHITE. 


AccuRATE work on the limits for the propagation of flame in 
inflammable gas—air mixtures has been chiefly confined to certain 
permanent gases and a few hydrocarbons. Despite the great 
‘importance of a thorough knowledge of the inflammation properties 
under different conditions of the vapour-air mixtures met with 
in so many industries, definite information on the subject is scanty 
and often untrustworthy. It was chiefly in an attempt to procure 
such information that this research was projected. From the 
point of view of safety, limits for the propagation of flame are of 
the greatest interest. It was therefore decided to determine these 
* constants ”’ for a fair number of vapours, and papers are to follow 
on the limits of mixtures of more than one vapour in air, and on 
the effect of temperature and of pressure on the limits. 

Owing to the theoretical importance of the determinations 
projected, the selection of the vapours to be examined was not 
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determined wholly by their importance in industry. Three sub- 
stances previously examined (White and Price, T., 1919, 115, 
1462) were included because of certain anomalous results for the 
upper limit of one of them (ether) obtained during the course of 
that work. Thus, this limit for upward propagation seemed to 
be higher in a tube 2-5 cm. in diameter than in one having a diameter 
of 5em. Again, for horizontal propagation the limit in the latter 
tube seemed to be 8-0 per cent. when fired normally, 12 per cent. 
when both cocks were closed; yet in the (short) tube used for the 
determination of sub-ignition temperatures the flame was seen to 
reach the end through a 20 per cent. mixture. The present com- 
munication provides an explanation of these discrepancies. 


Published Data Available. 


A good idea of the figures given in the literature for the limits 
for the propagation of flame in vapour-air mixtures can be obtained 
from Table I. This does not profess, however, to be more than a 
selection. For certain vapours many values, only differing slightly 
from one another, have been published, and sometimes one investi- 
gator is responsible for two or more such figures. It has not been 
considered advisable to include either these or approximate figures 
obtained incidentally during the course of other work, for example, 
during an examination of the variation of the minimum igniting 
current with the percentage of inflammable vapour present in a 
vapour-air mixture through which an electric spark is passed. 


Summary of values available for the range for the propagation of 
flame in certain vapour-air mixtures. 


Solvent. Range. Reference. 
Ether 1:9% to — Le Chatelier and Boudouard 
(Compt. rend., 1898, 126, 1510). 
1°8% to 5°2% Kubierschky (Z. angew. Chem., 


1901, 14, 129). 
2°7% to 7°7% (19 mm. tube) LEitner (J. Gasbeleucht., 1902, 45, 
16% to — (62 ,, o) ii, 21). 
0°058 gram to 0°15 gram per Meunier (Compt. rend., 1907, 144, 
litre (say) 1°87% to 48% 1107). 
1-73% to 23°30% (upwards) White and Price (T., 1919, 115, 
1:93% to 6°50% (downwards) 1462). 


Acetone 2:°9% to — Le Chatelier and Boudouard (loc. 

cit.). 

26% to — Kubierschky (loc. cit.). 

5% to 12% Brunswig, ‘* Explosives,” Ist 
edition, London, 1912, p. 73 
(Bunte). 

2°15% to 9°7% (upwards) Wheeler and Whitaker (T., 1917, 

2°35, to 8°5% (downwards) 111, 267). 


2°88% to 12°40% (upwards) White and Price (loc. cit.). 
3°11% to 10°90% (downwards) 
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Solvent. q Reference. 


Benzene 1°5% Le Chatelier and Boudouard (loe, 
cit.). 
4% to 4°7% Kubierschky (loc. cit.). 
o to 63% (19mm. tube)  Eitner (loc. cit.). 
oto — (62 ,, “. . 
6 to 68% (19 Terres (J. Gasbeleucht., 1920, 63, 
836). 


Toluene 3% Le Chatelier and Boudouard (loc, 
cit.). 
14% to — Kubierschky (loc. cit.). 


Methyl 60% to — Le Chatelier and Boudouard ((oc, 
alcohol cit.). 


) 
7°2% to (16:0%) Kubierschky (loc. cit.). 


Ethyl 307% to — Le Chatelier and Boudouard (loc, 
alcohol cit.). 
ro, to — Kubiersechky (loc. cit.). 
40% to 13-6 (19 mm. tube) Eitner (oc. cit.). 
37% to — (62 a ) 
416%, to 18°95%, (upwi wd) White and Price (loc. cit.). 
4° 37% to 11°50°% (downwards) 


Ethyl 23% to — Le Chatelier and Boudouard (loc. 
acetate cit.). 


Carbon 1:°94% to — Le Chatelier and Boudouard (loc, 
disulphide cit.). 
39% to — Kubierschky (loc. cit.). 
0°075 gram to 0°90 gram per Meunier (loc. cit.). 
litre (say) 2°4°% to 28% 


The results given by different observers do not, on the whole, 
show the good agreement that could reasonably be expected from 
such apparently simple determinations. Eitner’s figures would 
seem to indicate that marked differences can be expected between 
results obtained in 19 and 60 mm. tubes. 


EXPERIMENTAL. 


Purification of Materials—Of the solvents treated, numbers 1 to 

5 were the ordinary laboratory solvents, but 6 to 10 were bought 

s “‘ pure,” as was also the ethyl bromide used for a few experi- 
ments. This compound was only dried before use. The range 
over which the final fraction of each solvent was collected (corrected 
to 760 mm. pressure where necessary), is given in brackets after 
the method of purification used. The fractionating column used 
was always a five-bulb Young and Thomas stillhead. 

(1) The ether was distilled from acid permanganate and was 
repeatedly washed, first with a concentrated and then with a dilute 
solution of potassium hydroxide in water. After being thoroughly 
washed with distilled water, it was dried, distilled, and again dried 
over sodium for several days before being finally fractionated 
(34-9—35°). 
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(2) The acetone was purified by conversion into the sodium iodide 
compound, and then distilled. The product was very carefully 
dried over fused calcium chloride before fractionation (56-4—56-5°). 

(3) The methyl ethyl ketone used was freed from acetone by 
several washings with brine. It was then dried over anhydrous 
calcium chloride for a fortnight and was twice fractionated (79-4— 
19:7°). 

(4) The carbon disulphide was distilled from white wax and 
repeatedly shaken with (1) sulphuric acid, (2) mercury. It was 
next allowed to stand over several batches of freshly ignited lime 
for a day at a time and was dried over phosphoric oxide before 
fractionation (46-2—46-3°). 

(5) The benzene was repeatedly shaken with concentrated sul- 
phuric acid and was then treated several times with aluminium 
chloride. After distillation, it was reduced to half its bulk by three 
erystallisations before being fractionally distilled (80-35—80-45°). 

(6) The toluene was fractionated and boiled under reflux over 
sodium for four hours before the final fractionation (110-5—110-7°). 

(7) The methyl alcohol was found to be free from acetone and 
was fractionated after standing for two days over each of several 
hatches of freshly fused and powdered calcium chloride (65-9— 
66-2°). 

(8) The ethyl alcohol was twice boiled under reflux (1) for four 
hours over freshly burnt lime, (2) for two hours over calcium 
turnings, before distillation (78-35—78-45°). 

(9) The acetaldehyde used was purified by the formation of 
aldehyde—ammonia, the recovered product being dried by distill- 
ation from a large bulk of anhydrous calcium chloride (20-7— 
20-9°). 

(10) The pyridine was purified by washing the ferrocyanide with 
water. It was dried by standing over solid sodium hydroxide for 
a week before fractionation (114-2—114-5°), 

(11) The ethyl acetate used was prepared from absolute alcohol 
by the action of pure concentrated sulphuric acid and pure fused 
sodium acetate. After distillation the product was washed, first 
with a dilute sodium carbonate solution, then with a strong solution 
of caleium chloride. It was dried for a week over fused and 
powdered calcium chloride before the final distillation (76-8—76-9°). 

(12) The ethyl nitrite used was prepared by the action of a strong 
solution of sodium nitrite on a solution of alcohol and sulphuric 
acid in water. It was collected over a strong solution of sodium 
hydroxide in water and was then well washed with a very dilute 
solution of the same compound in water. It was carefully dried 
before fractionation (16-8—17-2°), 
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Apparatus.—The limits were all determined in glass tubes, 
These tubes varied in internal diameter from 2-5 to 7-5 cm., and 
for the final work were all 1-5 m. long. All the tubes were closed 
at one end by a stopcock of 4 mm. bore. At the other end the 
2-5 em. and 5 cm. tubes had a 6 mm. stopcock, the 7-5 cm. tube 
one of 8 mm. 

When it was necessary to determine limits at temperatures 
above 25°, the ordinary 5 cm. tubes were water-jacketed. The 
stopcocks (which protruded) were lagged with cotton wool, and hot 
water was continuously circulated through the jacket from a gas. 
heated reservoir of about 15 litres capacity. Circulation was 
brought about by means of a compressed-air lift, and the difference 
in temperature between the water entering and leaving the tube 
jacket was generally less than 2°. 

The solvent was introduced by means of a filler consisting of a 
small glass bulb closed at the top and bottom by means of stop- 
cocks. The glass tubing leading from the lower cock was tapered 
and sufficiently long to project well through the tightly fitting piece 
of rubber tubing forced over the end of the limit tube for filling 
purposes. 

Ignition was brought about by means of a glass-insulated electrode 
of brass wire. This was used in preference to platinum sealed 
through the glass, partly to avoid insulation difficulties when 
using water-jacketed tubes, but chiefly to enable the means of 
ignition adopted in a given tube to be changed quickly and con- 
veniently. This was of the utmost importance, as it was found 
that a given mixture sometimes refused to ignite, or only propagated 
flame part of the way when one method of ignition was tried, 
although another method gave a flame which was propagated 
throughout the tube. In most cases ignition was brought about 
by the spark from an induction coil, the two available being a small 
‘“} inch ” and a Sanax intensified coil capable of giving a 20-inch 
spark. Where sparking failed to ignite the gas directly, it would 
often suffice to ignite a milligram or two of dry guncotton yarn, or, 
in exceptional cases, a scrap of Mark I cordite, which would then 
set off the gas mixture. It was sometimes found that the only 
means of ignition both certain and convenient was a hot wire. 
This was used in the form of a helix of fine platinum wire which 
was fastened across the spark gap of an ordinary electrode and was 
heated electrically. 

Final Procedure.—For reasons given later, the gas mixtures were 
made up with air dried by passage through bubblers containing 
96 per cent. sulphuric acid. After use, tubes were washed with 
acetone and well blown with air (dried with calcium chloride) after 
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ubes, ff graining. These tubes were then twice evacuated by means of a 
» and f Gaede pump and filled with air (dried with sulphuric acid). They 
losed ff were next partly evacuated and again filled up with dried air after 
1 the f, weighed quantity of the solvent to be examined had been intro- 
tube Ff duced by means of the filler. Care had to be taken to ensure that 


(1) no solvent was caught in the tube stopcocks; (2) that all the 
solvent introduced into the tube had vaporised before the last of 
the air was allowed to enter; (3) that only the minimum quantity 


L hot ff of undried air was used to clear from solvent the lower stopcock 
Sas- § of the filler. The water-jacketed tubes were then kept for two 
Was § hours in a horizontal position before firing, to allow the vapour-air 


mixture to become uniform. Ordinary tubes all contained a few 
cubic centimetres of small glass beads and their contents were 
mixed by fastening them to a slowly rotating wooden frame six 
ata time. This frame was rotated for half an hour per batch of 
tubes. Actual firing tests showed the mixing to be efficient. 
Owing to its tendency to oxidise, mixtures containing acetaldehyde 


iece were mixed by continuous shaking by hand for fifteen minutes. 
ling Preliminary experiments showed that less than 2 per cent. of the 


aldehyde present was affected in this time. As the heat lost in 
the transformation was small, it was considered that the error 
introduced in this way was not material. 

To fire a tube, the larger stopcock was opened and the requisite 
dectrode quickly introduced, the end of the tube being closed, 


on- § originally by means of a rubber bung pierced for the electrode, 
ind ff but later by means of a plug of plasticine. Electrical contact was 


then made with as little delay as possible. All tubes were fired 


ed, ff behind a wire screen. 
ed In estimating the weight of solvent used, where necessary cor- 
ut ff rection was made for the air expelled from the filler by solvent 
all J vapour, and all results were calculated on the assumption that 
ch [ithe molecular weight of the liquid used in grams occupied 22-4 
Id litres at N.T.P. 
7, Except in the case of “ cool flame ” results, the accuracy aimed 
en at was always to 1 per cent. of the solvent used. Owing to their 
ly ff peculiar character, it was only sought to determine “ cool flame ” 
e. results to the nearest’ whole number, and it is doubtful if this 
+h accuracy was always attained. The final results given are in every 
- case figures obtained from duplicate experiments carried out at 
different times with two different batches of the material under 
fe examination. The method used was that of trial and error. Dif- 
gs ferent mixtures were fired until of two in which the vapour content 
h differed by 1 per cent. or less one propagated flame the whole 
r length of the tube whilst the other only propagated flame part of 


xa" 
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the way. The limit mixture was then taken to be that midway 
between the two. 

Except when otherwise specified, percentages mean percentages 
by volume. Tubes are often specified by their diameters. Thus 
a tube 5 cm. in diameter would be referred to as a 5 cm. tube. 


Results. 


Preliminary.—In addition to the means of ignition previously 
enumerated, an attempt was made to make use of a gaseous primer, 
For lower-limit experiments this consisted of 5 c.c. of hydrogen 
introduced near the electrode, which was then brought into action 
as soon as possible. This was found to be unsatisfactory, giving 
inconsistent (and low) results for benzene. This may have been 
because it gave too violent an impulse for the tube used, but was 
probably due to the very rapid diffusion of the hydrogen, as oxygen, 
when used for upper-limit experiments, gave much better, although 
scarcely satisfactory, results. The use of a little guncotton gave 
certain ignition in the case of lower-limit experiments not too far 
below the limit, but no certain method was ever discovered for 
dealing with upper-limit trials fired upwards. 

It was originally intended to use the firing tubes with the small 
cock open, as was done by White and Price (loc. cit.). It was found, 
however, when using this method (from now onward referred to as 
forward firing) that even in mixtures definitely above the lower 
limit the flame appeared to be unstable in the last 15 to 20 em. of 
the tube. Accordingly, a mixture was considered to be above 
the lower limit if a flame got to within 20 cm. of the end of the tube. 
In Table I are given the results of some comparative experiments, 
using forward, closed, and backward firing. In closed firing, both 
ends of the tube were closed, whilst for backward firing the small 
cock was closed whilst the large cock at the electrode end was open. 
In the preliminary experiments, the air used was not dried, so that 
there are sometimes slight differences between these and the final 
results. On the other hand, an attempt was made to secure sound 
relative results by firing in comparative experiments as nearly as 
possible under the same conditions. 

In all cases the electrode was adjusted to’ the optimum position. 
This was 5 to 8 cm. beyond the shoulder in most cases. As a 
general rule, the limit results as given by the three methods were 
in fair agreement. On account of its convenience and the con- 
sistency of the results obtained, the closed method of firing was 
adopted. The one point against it is the preliminary compression 
to which part of the unburnt mixture is subjected, due to the 
burning of the remainder. That this was not important for down- 
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TaBe I. 

Showing the ranges throughout which ether, acetone, and benzene-air 
mixtures propagate flame for forward, closed, and backward 
firing at 18 + 3°. 


Direction of propagation. 
Upwards. Horizontal. Downwards. 
—— abl A A 
Tube For- For- or- 
Solvent. em. ward. Closed. Back. ward. Closed. Back. ward. Closed. Back. 
Ether 5 181 1:84 189 188 188 195 1:94 1:90 1:95 
to to to to to to to to to 
49:0 48:0 — 9°45 33°0 340 620 6:25 6:20 
and 


~~ bo 


174 1:71 1:90 1: ‘ 
to to to to to to to to to 
490 48:0 — 390 400 39:0 6°40 6:40 6°40 


Acetone 5 2°98 2:95 2:99 3:00 3°00 3:09 3°07 3°04 3°02 
to to to to to to to to to 
— 126 -- —- 9°9 - — 840 — 


143 1°45 1°48 143 1°46 1°48 
to to to to to to to to to 
— *745 — — *§65 — — *555 — 


The results marked * were obtained at 60°. 


Benzene 


ward propagation in a 5 cm. tube was shown by determining the 
lower limits for ether and acetone in a tube closed at one end and 
ignited at the other. Under these conditions (those for uniform 
movement of flame), the limits were not more than 1 per cent. 
greater than those determined in a closed tuke. These results 
were corroborated by certain temperature measurements referred 
to later. 

One important difference between the limits as determined by 
different methods is shown in the case of horizontal propagation 
in ether-air mixtures in 5 cm. tubes. For forward firing, two 
distinct ranges of propagation were obtained, separated by a range 
that would not propagate flame. For closed and backward firing 
one range only was obtained in each case. This seemed to show 
that the ether-air flame was unstable for forward firing from 10 to 
19 per cent. This conclusion was supported by the fact that on 
one occasion a 17 per cent. mixture propagated flame forward from 
end to end of the tube; but in five further trials at 17 per cent. 
the flame only went half-way. That ether has two fundamentally 
distinct ranges of propagation was soon proved. In a 2°5 cm. tube 
there was a gap between the two ranges for all three methods of 


firing, forward from 6°20 to 21 per cent., closed from 6°25 to 14 per 
xx*2 
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cent., and backwards from 8°75 to 11 per cent. On the other hand, 
it was shown that there were two distinct velocity maxima for 
backward firing in a 5 cm. tube, one between the lower limit and 
1l per cent., and one between 11 per cent. and the upper limit. 
The latter is shown in Table II. The results given there were 
obtained by timing the flame over the last metre of the tube with 
a stop watch. 
Tasxe II. 


Showing the velocity of the flame in ether-air in the last metre of a 
5 cm. tube fired backwards. 

Percentage of ether present...... 11-0 15-0 20°0 26-0 32°0 
Velocity of flame in cm./sec. ... 22 26 27 224 19 

The flame here considered is, of course, the “cool” flame of 
incomplete combustion (see Perkin, T., 1882, 41, 363). This flame 
was best obtained by means of a heated platinum spiral, although 
in a region where ordinary combustion was impossible it could 
often be obtained from an ordinary spark-gap, probably owing to 
the heating of the electrodes. Where ordinary combustion was 
possible, that was almost invariably brought about by a spark, 
even if the mixture was definitely above the limit for the ordinary 
flame and below that for a cool flame. Whether a mixture pro- 
pagated flame all the way along a tube or not thus depended on 
the type of flame started. This result was confirmed under totally 
different conditions when dealing with acetone—air mixtures. 

The effect on the limit of changing the position of the electrode 
is shown in Table III. 

TABLE III. 


Showing the effect of the position of the electrode on certain limits 
for the propagation of flame in 5 cm. tubes at 18 + 3°. 


Lower limit. Upper 
_ limit. 
Hori- Down- Down- 
Solvent. Tip of electrode. Upwards. zontal. wards. wards. 
Meee — TI cccccscccrccccecsssee 1°93 1°95 1°95 6°30 
6 em. beyond shoulder ...... 1°84 1°88 1:90 6°25 
DG TRUE aiincesecrvecsieivecee 3°07 3°07 3°05 8°40 
6 em. beyond shoulder ...... 2°95 3°00 3°04 8°40 
Benzene Shoulder _.................000. 1-49 1-51 1°48 — 
6 cm. beyond shoulder ...... 1°45 1°46 1:47 -- 


It will be seen that the greatest difference is for upward propaga- 
tion, where it is about 4 per cent. This is undoubtedly closely 
connected with the stability of the flame, which seems to be rather 
easily jerked out when going upwards, or even horizontally. | 

The effect of length of tube on the value obtained for the limit | 
is shown in Table LV. 
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TABLE LY. 


Showing the effect of the length of the 5 cm. tube used for the determina- 
tion of limits at 17 + 3°. 


Length of Lower limit. Upper 
tube in ~ limit. 
Solvent. metres. Upwards. Horizontal. Downwards. Downwards. 
Ether 1-0 1°82 1°87 1:90 6°35 
1°5 1°84 1°88 1-90 6°25 
2°5 191 1°93 191 6°05 
Acetone 1-0 2°93 3°00 3°04 8°40 
1-5 2°95 3°00 3°04 8°40 
2°5 3°05 3°06 3°04 8°30 
Benzene 1-0 1-45 151 150 — 
1-5 1-45 1-46 1-48 ~- 
2°5 1-47 1°53 1°53 -—— 


Observation of propagation in the longest tube made it appear 
extremely probable that it was jerking that caused most of the 
difference between the limits in the three tubes. 

To determine the effect of moisture on the limits, a series of 
experiments was carried out in which limits for downward pro- 
pagation were determined with dried air and with air passed through 
sulphuric acid of such a concentration that the air contained 1 per 
cent. of moisture. In only two cases was the difference as great 
as 1 per cent. It was exactly this figure for acetone, but 3 per cent. 
for ethyl alcohol, the dried-air limit being the lower in each case. 
The reason for this is not very obvious. It may be connected 
with adsorption of solvent on to the walls, but why ethyl alcohol 
should be so much more affected than methyl alcohol is not very 
easily perceived. 

Final.—No detailed description of the flames observed will be 
given. Some remarks are necessary, however, as the phenomena 
examined are not altogether reducible to numbers. 

A flame was generally characteristic of the class of compound 
to which it belonged. Thus an observer could easily tell whether 
it was a ketone, an alcohol, or an ether that was being examined, 
provided he saw both the upper- and lower-limit trials. The 
alcohols and hydrocarbons examined gave flames that were, in a 
general way, rather similar, although it was not difficult to dis- 
tinguish between the two classes. Lower-limit flames were often 
more difficult to distinguish from one another than upper-limit 
flames. Lower-limit flames were almost all of a nondescript blue 
colour, but the flame given by pyridine was yellow, and in a wide 
tube that of ether downwards showed small intermittent yellow 
patches. The flame given by carbon disulphide seemed peculiarly 
thin. Upper-limit flames travelling downwards looked somewhat 
similar for all the compounds examined, except carbon disulphide. 
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They started at a high velocity, and if below the limit, often almost 
stopped about two-thirds of the way down the tube. There were 
great differences in horizontal upper-limit flames, as they varied 
from luminous flames, filling the tube, sometimes 20 or more centi- 
metres long, to flames which often dwindled to faint blue globules 
15 cm. or so in length. The alcohols gave the longest flames, 
whilst the “‘ cool” flames of such compounds as ether and acet- 
aldehyde were the smallest. Upwards upper-limit flames were 
generally long, often filling half the tube. Their luminosity varied 
from the yellow of the alcohols and hydrocarbons to the faint 
bluish-white of some of the cool flames, which were seen only with 
difficulty in a dark room. The greatest variation in the flame of 
any one compound was always observed in the upper limit for 
horizontal propagation. In such a trial a flame which started small 
and blue might grow considerably and become fairly luminous, 
whilst the reverse change was often observed. Perhaps the 
strangest flame examined, if it can be called a flame, was given by 
ether and acetaldehyde. When these compounds were ignited by 
means of a hot platinum spiral for propagation upwards at the 
upper limit, a ray of glowing gas often seemed to extend upwards 
from the spiral for any distance up to 80 cm. The ray often 
remained in this position for many seconds before the top opened 
into a “cool” flame travelling up the tube. 

Lower limits appeared to be somewhat more sharply defined 
than upper in the case of the vapours examined, and were certainly 
more easily determined. Upper-limit flames moving downwards 
almost invariably travelled very fast even when they failed to get 
more than half-way down the tube, and often left an impression 
that they had been jerked out. The pressure in the tube was often 
high, and in the case of a 7°5 cm. tube great care had to be taken 
not to introduce too little solvent. Thus when 3 per cent. too little 
methyl ethyl ketone to give an upper-limit mixture was introduced 
into such a tube and fired downwards, a violent explosion occurred. 
A similar result was obtained when ethyl ether was used under the 
same conditions, and ethyl nitrite gave a good deal of trouble even 
in 5 cm. tubes. Upper-limit mixtures intended for propagation 
upwards were generally difficult to ignite, even when perfectly 
normal. They seemed to require a longer time at a high tem- 
perature than was easily obtainable by means of an electric spark, 
and often guncotton would only fume off in the mixture. A hot 
platinum spiral ignited ether and acetaldehyde mixtures and could 
be used for carbon disulphide mixtures, although an electric spark 
was generally quite as successful with the latter. The spiral proved 
unsatisfactory for other mixtures, and repeated sparking, with or 
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yithout a little guncotton, had to be used for all the rest except 
ethyl nitrite. This often meant making up two or more mixtures 
of the same composition at a time. Cordite was used for the 
ignition of the nitrite mixtures, but owing to the difficulty of pre- 
venting the gas itself from fuming, the exact limits were not 
determined. In all probability the upper limit upwards is a good 
deal higher than the figure quoted. The greatest difficulty was 
found with acetone. This solvent gives a higher upper limit 
upwards in a 2°5 cm. than in a 5 em. or 7°5 cm. tube. The figures 
given in brackets in Table V are the ones originally obtained using 
the smaller igniting coil. The ones finally taken were the highest 
values obtained in any of a great number of trials, using the large 
coil. Below the values given, an ignition would often occur, and 
a flame only go half-way up the tube. Observation showed that 
in such a case the flame was different, the flame which looked more 
like a ‘‘ cool” flame travelling better than the other type. It is 
quite possible that the true upper limit is somewhat higher than 
that given, as a “‘ cooler” flame, if it could be obtained, might 
travel in a mixture containing more acetone. It; will be seen that 
the fact that a flame only goes half-way, or less, along a tube is 
no proof that the mixture is above the limit in that tube. Similar 
results were obtained for horizontal propagation in acetone-air 
mixtures at the upper limit. It would appear that so “cool” a 
flame as obtains in acetone at the upper limit upwards in a 2°5 cm. 
tube cannot travel in a 5 cm. tube, as when a 5 cm. tube was joined 
by means of a gradual taper to 50 cm. of 2°5 em. tubing, a flame 
started upwards just below the 2°5 cm. limit in the latter went 
out almost as soon as it reached the wider tube. An interesting 
phenomenon (not confined to this solvent) was well shown in a 
7°5 cm. tube near the upper limit upwards for acetone—air mixtures. 
A mixture which only propagated flame 50 cm. or less would often 
propagate flame much further at the second trial, and at the third 
perhaps all the way to the top. Only first trials were taken into 
account in determining limits. 

The ranges throughout which the various solvents examined will 
propagate flame when mixed with air are given in Table V. The 
ranges given include those in which the flame is “cool.” That 
this type of flame is dangerous is recognised once it is realised how 
easily it can give rise to the ordinary flame. It is well known that 
the ether flame can do this when enclosed, but confinement is not 
essential, as will be seen later. That the acetaldehyde “cool ” 
flame easily gives the ordinary type was shown by igniting a 20 per 
cent. mixture, which had not been ignited by repeated sparking, 


by means of a hot spiral. This gave the “cool” ray, which in 
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turn produced the “cool”’ flame half-way up the tube, and this 
soon turned into the ordinary hot flame. How many “ inexplic. 
able ” ether explosions can probably be accounted for was discovered 
by the author by accident. An attempt to demonstrate the flow 
of the heavy ether vapour down an open wooden gutter 4 metres 
long was being made in daylight. The gutter was inclined at a 
slope of 1 in 4, the vapour being obtained from a large sponge 
saturated with the liquid, which was held just above the top of 
the gutter. After some time, an attempt was made to ignite the 
ether—air mixture at the bottom of the gutter by means of a lighted 
taper. This was apparently unsuccessful, although the charac. 
teristic odour of the so-called lampic acid could be detected. Thirty 
to forty seconds later the ether at the sponge burst into flame. A 
“cool”’ flame must have travelled up the gutter to give rise to 
ordinary combustion at the top, although the moving flame was 
not seen by any one of the three observers looking for it. 

The two ranges of inflammability shown by acetaldehyde are 
more easily separated than those of ether, and persist even in a 
75 em. tube. As with ether, the ranges overlap for upward 
propagation. ‘The cool flame does not appear to be propagated 
downwards, as a general rule, so that in these cases the upper limit 
for upward propagation is usually very much greater than that for 
downward propagation. This does not hold for carbon disulphide, 
as the ratio of these two limits for this compound is very nearly 
that for a compound burning normally. Ethyl nitrite gives a 
high ratio, although its flame is not typically “ cool” in appear- 
ance. That this compound is capable of transmitting two different 
flames through the same mixture was shown during an attempted 
downward ignition in a 5 em. tube at the upper limit. This mixture, 
which would have burned downwards violently in normal circum- 
stances, on sparking gave a pale blue flame which moved gently 
upwards through the 15 cm. between the electrodes and the top of 
the tube. 

For many vapours values are given in Table V for limits as 
determined in three tubes of differing diameters. These values 
were intended to enable a correction to be made for the cooling of 
the flame by the walls of the tube. In the larger tubes, another 
factor enters, inasmuch as the preliminary compression of the 
unburnt gas affects the limits determined. A rough determination 
of the rise in temperature caused by this compression during lower- 
limit determinations was made, using very fine thermo-couples. 
The vapours used were those of ether and acetone, and similar 
results were obtained for horizontal and downward propagation. 
In 7°5 cm. tubes the rise in temperature amounted to about 15°, 
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the rise in 5 em. tubes being less than 10°. The author’s work 
with ammonia mixtures (of which the results are to be published 
shortly) shows that the higher rise of temperature would correspond 
to a diminution in the lower limit of about 1 per cent. A correc. 
tion equivalent to this is applied in Fig. 1, which shows how the 
diameter of the tube affects the lower limit obtained for upward 
and downward propagation. 

No attempt is made to allow for the effect of the pressure itself, 
Consideration of the results given in the table and diagram shows 
that the results in the 7°5 cm. tube appear to be little affected by 
wall cooling. Convection effects appear to enter, however, as 
shown by the ethyl nitrite and carbon disulphide lower-limit results 
and by certain of the upper-limit results, particularly for horizontal 
propagation. Upward propagation in ethyl nitrite—air in a 7°5 em, 
tube was instructive. Above 3-40 per cent. the flame went normally, 
but below this figure it went up the tube in a swirling wreath. A 
somewhat similar result was obtained with carbon disulphide. In 
this connexion, the upper limits for downward propagation in 
acetone-air mixtures obtained by White and Price (loc. cit.) are 


interesting. 


7°5em, 15 em. 


White and Price - Bi — 10°9 
White “2 3 8°60 omne 


This sudden increase in the upper limit between a 7-5 em. and a 
15 em. tube is presumably due to convection. 

It will be noticed that in only one case in which upper limits 
upwards have been determined in tubes of different diameters do 
the values for any one solvent differ very appreciably. This case, 
in which the values for acetone are greater for a 2-5 cm. than a 
7-5 em. tube, has already been discussed. It would thus appear 
that for upward propagation the maximum favourable effect due 
to convection has probably been reached in a 2-5 cm. tube. This 
conclusion is confirmed by an examination of certain upper-limit 
results for horizontal propagation, which show that for a 7-5 cm. 
tube the horizontal and upwards limits are almost equal. This is 
well shown by the ketones, whilst equality is almost reached in a 
5 cm. tube in the case of carbon disulphide. 

The limits given in Fig. 1 for tubes of 18-5 mm. and 13 mm. 
diameter were determined in an attempt to confirm the work of 
Kitner in 19 mm. tubes. The narrower tubes were filled by dis- 
placing gas from a larger vessel into them by means of mercury. 
These results are probably less accurate than those given in Table V. 
The author was quite unable to confirm the much-quoted results 
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of Eitner and Bunte for benzene and ether, and considers that very 
rapid change in the lower limit with diameter of tube used can only 
take place below a diameter of 13 mm. Terres gives a value for 
benzene agreeing with that of Eitner. His vapour mixture was, 
however, made up by volume from a mixture the vapour content 


of which was calculated from vapour-pressure tables. This method 
‘js scarcely suitable for benzene without elaborate precautions, 
‘owing to the slowness with which it takes up its maximum vapour 


pressure. 
The agreement between the results of Le Chatelier and Boudouard 


and those of the author is very good, except for the alcohols, par- 
ticularly when it is remembered that they only attempted to work 


Fic. 1. 


Showing the lower limits for the propagation of flame in tubes of varying 
diameter at 18 + 3°. 
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to an accuracy of 5 per cent. in the best of circumstances and con- 
sidered the probable error to be more than twice this for the less 
volatile compounds. The results obtained also agree fairly well 
with those of Meunier and of Eitner (in 62 mm. tubes), and with 
Kubierschky’s lower-limit results, if we except carbon disulphide. 
Bunte’s lower-limit result for acetone, as quoted by Brunswig, is 
obviously wrong. Wheeler and Whitaker’s acetone results have 
been discussed by White and Price, the conclusion drawn being 
that their method of analysis appeared to be faulty. This was 
confirmed by the author by using water absorption to estimate 
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the acetone content of mixtures made up from weighed quantitie 
of the solvent. A mixture known to contain 3-03 per cent. gaye 
2-31 per cent., whilst a 10 per cent. mixture gave 8-83 per cent, 
Absorption in a concentrated solution of sodium hydrogen sulphite 
in water gave 3-05 and 9-85 per cent., respectively. 

The lower limits found for acetone and ether agree fairly well 
with those of White and Price, the greatest difference being found 
for downward propagation. Such differences as do exist are 
undoubtedly chiefly due to the criterion of propagation adopted 
by White and Price, which made it necessary that a flame should 
travel right to the end of the tube. Under the conditions pre. 
vailing, the instability of the flame affected the results obtained, 
as explained on p. 125v. The lower-limit differences found in the 
case of alcohol are too large to be entirely due to this cause, 
notwithstanding the sensitiveness of the alcohol flame to small 
disturbances. 

Agreement is distinctly good for upper-limit results for both 
acetone and alcohol, but for ether the differences for horizontal 
and upward propagation are very large. ‘These differences are 
entirely due to the intervention of the cool flame, which did not 
enter very much into the results obtained by White and Price. 


Discussion of Results. 


In a preliminary discussion concerning propagation of flame at 
the limit, it is desirable to consider only the simplest cases—those 
in which convection is eliminated so far as possible. This occurs 
for propagation vertically downwards. 

The motive power in the propagation of flame is the heat given 
out by the burning substance. It is therefore of interest to deter- 
mine how the amount of a given substance in a limit mixture is 
affected by its calorific value. In Fig. 2 the net calorific values of 
the vapours examined are plotted against their lower and upper 
limits downwards. For convenience, the scale used is three and 
a half times as great for the lower as for the upper limits. With 
the exception of those for carbon disulphide, all the lower-limit 
values lie very near to the smooth curve drawn through them, 
whilst the upper-limit values are grouped fairly near the same 
curve. The form of this curve at once suggests the approximate 
relationship holding between net calorific value and lower limit 
for all but one of the compounds—that the product of these two 
quantities must be roughly constant. Assuming this law to hold, 
the limits for the other compounds have been calculated from those 
of ether, and are shown in Table VI. 
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Leaving aside those for carbon disulphide, the lower-limit results 
are strikingly good. For downward propagation, the maximuy 
range of error is only 7 per cent., whilst for upward propagation, 
excluding also the obviously anomalous ethyl nitrite, it is 11 per 
cent. The limits for most of these compounds could therefore be 
calculated from one another with quite a reasonable accuracy, 
This is important from the practical point of view, but is surely 
even more so from that of theory. A rough connexion between 
calorific value and lower limit was shown by Le Chatelier and 
Boudouard (loc. cit.), their constant varying from about 900 to 


Fic. 2. 


Showing the variation of limits for downward propagation of flame with na ¥ 
calorific value. 


* Indicates lower limit. © Indicates upper limit. 
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1300, when they omitted to consider hydrogen and carbon disulphide. 
An accurate relationship was shown by Burgess and Whecler (T., 
1911, 99, 2013) to exist for the paraffin hydrocarbons. In Table VI 
there appears little to support the theory that the relationship 
holds better for similar than for dissimilar compounds, if we exclude 
carbon disulphide. The constant for downward propagation in 
Table VI can be taken as 1150, that calculated from comparable 
results for methane-air by Wheeler and Burgess (T., 1914, 105, 
2591) as 1140 giving very close agreement. The constants from 
determinations by Chapman (T., 1921, 119, 1677) for ethylene and 
propylene would be 1120 and 1200, but these might reasonably be 
expected to be high, as the tubes used for limit determinations were 
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of 2-5 cm. diameter. The results quoted are sufficient to show that 
the inverse relationship noted between net calorific value and 
percentage of combustible in the lower limit holds over a fairly wide 
range. The two outstanding exceptions are hydrogen and carbon 
disulphide. In both cases, the constant is about half the normal 
for downward propagation. These two substances also agree in 
having large differences between their limits upwards and down- 
wards, the values given by Payman for hydrogen (T., 1919, 115, 


tween 
r andp 1436) being 4-2 and 9-7 per cent., respectively. That there are 
00 tof exceptions in the other direction was shown by testing ethyl bromide, 


which failed to propagate flame all the way, even in a 7-5 cm. tube, 
although its calorific value is not very different from that of ethyl 
alcohol. It was also found that ammonia-air mixtures could not 
| propagate flame downwards at room temperature. On account of 
the amount of inert matter in the molecule, however, these com- 
pounds could scarcely be expected to behave normally. 

The theoretical increase of temperature for downward propa- 
gation given in Table VI is obtained by dividing the net calorific 
value of the gas used by the total specific heat of the products of 
combustion, assumed to be carbon dioxide, water, and sulphur 
dioxide. Specific heats at constant pressure have been used, as 
being the more likely to give sound results, and the values chosen 
were those of Holborn and Henning (Ann. Physique, 1905, [iv], 
18, 739; 1907, [iv], 23, 809) for nitrogen, carbon dioxide, and 
steam. The molecular values for oxygen and sulphur dioxide were 
taken to be equal to those of nitrogen and carbon dioxide respec- 
tively, after Lewis and Randall (J. Amer. Chem. Soc., 1912, 34, 
1128). No correction has been made for loss of heat, but the 
relative radiation figures given do not differ greatly, the larger 
figures being generally found for the compounds giving higher 
theoretical increases in temperature. The radiating values were 
calculated on the assumption that the flames were all of approx- 
imately the same temperature, as they appear to be, and that the 


de. 

r., — Whole of the radiation was due to carbon dioxide and water molecules 
Vv] — ‘adiating in the ratio of 177 to 74 (see Rep. Brit. Assoc., 1910. 
ip “Gaseous Explosions,” p. 199). 

Je For propagation of flame through it, each portion of a gas mixture 
in must be raised to the ignition temperature in turn by heat from 
le the burning gas. As conduction is presumably responsible for the 


transfer, the heat given to an unburnt portion of the gas at a given 
distance from a burning layer will be directly proportional to the 
conductivity of the mixture, as well as to the difference in tem- 
perature between the two layers. Owing to the small amounts 
of the vapours present at the lower limit, the conductivities of all 
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the lower-limit mixtures are approximately the same, so that at 
each step during its heating all normal vapour mixtures would 
be receiving the same amount of heat. The specific heats of such 
mixtures would also be approximately the same, so that the rise 
in temperature of unburnt gas due to external heat would be nearly 
the same for all normal mixtures. In the case of a limit mixture, 
when the flow of heat from the burning to the nearest unburnt 
layer has become very small, the unburnt layer should have reached 
its ignition temperature. The effective ignition temperature of all 
but one of the compounds primarily examined would therefore 
appear to be much the same, and, according to the reasoning 
advanced, the velocity of the flame at the lower limit should be 
roughly the same for all these compounds. Experiment showed 
that this was so; for example, the lower-limit velocities of ether, 
ethyl alcohol, acetone, and methyl ethyl ketone in air in a 5 em. 
tube downwards only varied by 2 per cent. The conditions were 
those for uniform movement, the flame being timed over 1 metre 
by means of a stop-watch. Payman (T., 1919, 115, 1436) has 
already shown that the velocities in limit mixtures of the paraffin 
hydrocarbons from methane to pentane only differ by about 25 per 
cent. when fired horizontally in a 2-5 em. tube. 

The idea that many vapours in air have approximately equal 
effective ignition temperatures is not inconsistent with the fact 
that the ignition temperatures of the same vapours differ widely 
when determined by ordinary methods. The essential difference 
lies in the influence of the time factor. A rough calculation shows 
that the time which elapses between the first appreciable heating 
of a thin layer of gas in a limit mixture and its actual inflammation 
must be less than a hundredth of a second, and is probably much 
less. To propagate the flame the gas must ignite in an exceedingly 
brief time, whereas in an ignition temperature experiment the time 
allowed is generally of a different order. That the ignition tem- 
perature obtained is a function of the time a mixture is kept at 
that temperature is obvious from the observations of Taffanel and 
Le Floch (Compt. rend., 1913, 156, 1544; 157, 469), who used 
silica bulbs. Similar results have been obtained by the author in 
work (as yet unpublished) in which a flame is used as the source of 
heat. Confirmatory evidence is forthcoming from widely differing 
sources. In experiments arising out of sub-ignition temperature 
work (White and Price, loc. cit.), the ignition temperature of certain 
ether—air mixtures has been shown to be about 200°, whereas that 
of hydrogen is generally taken to be above 500°. Yet the minimum 
igniting current required for the latter is not as great as is needed 
for ether, and an examination of figures determined by White and 
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Price (T., 1919, 115, 1248) shows that the soap-bubble method 
gives ignition temperatures about 200° higher for ether than for 
hydrogen. These figures can only be put forward with all reserve, 
as the time factor is certainly one only of the factors contributing 
togive this result. It is interesting to note, however, that benzene, 
ether, and the two varieties of light petroleum used give very 
similar results. 

It thus appears likely that the effective ignition temperature in 
limit experiments is often considerably higher than that generally 
determined, a result fitting in with calculation. Limits as cal- 
culated, using the ordinary ignition temperatures, are given by 
Coward and Brinsley in Part II of a communication on the dilution 
limits of inflammability of gaseous mixtures (T., 1914, 105, 1865). 
The results of calculations by Burgess and Wheeler quoted by 
Coward and Brinsley give the calculated values of the lower limits 
of methane, ethane, and propane as about a quarter of the experi- 
mental values. Their own calculation for methane makes the 
limit 2-0 per cent. instead of 5-3 per cent., as determined by them. 
Even according to this calculation, in which specific heats at con- 
stant volume were used, the discrepancy is enormous. The heat 
lost is often assumed to be radiated away. This assumption does 
not appear to be sound experimentally, as, according to the British 
Association Report referred to above, fairly large, hot flames 
generally radiate less than 20 per cent. of the heat given out. It 
is scarcely to be expected that a thin flame of relatively low tem- 
perature would radiate anything like this percentage of the energy 
transformed. Another idea is that most of the heat lost is taken 
by the products of combustion—that the burning layer transfers 
heat backwards as well as forwards. ‘This is probably true to a 
certain extent, but the amount of heat which has to be explained 
away is reduced to reasonable dimensions if the ignition tem- 
perature which functions during flame propagation is sufficiently 
high to make the ignition temperatures of most of the vapours 
examined approximately equal. The anomalous behaviour of 
hydrogen and carbon disulphide is easily understood. Electrical 
experiments, the soap-bubble method, and the results of the author’s 
time-of-ignition work referred to above, all tend to show that the 
lag in the ignition of hydrogen-air mixtures is relatively small, a 
conclusion confirmed by the high velocities at which flames travel 
in these mixtures. A similar conclusion is supported by electrical 
experiments in the case of carbon disulphide, whilst its ignition 
temperature is so low that a definite figure could not be determined 
by the soap-bubble method. 

Fig. 2 shows that, except for this compound, which always 
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behaves abnormally, the upper limit is usually from three to four 
times as great as the lower for downward propagation. That this 
upper limit should be roughly inversely proportional to the calorific 
value of the solvent concerned, as shown in Table VI, is therefore 
to be expected. The differences between calculated and observed 
values are about four times as great as for the lower limit, and 
theoretically about 25 per cent. more heat is disengaged. The 
reason for this relationship is not immediately obvious, as vapour 
at the upper limit would presumably burn to carbon monoxide 
and water, and even then it is the oxygen present that should be 
calculated on this basis. When this is done, the percentage error 
occurring is not great, but the method is of no general utility, 
owing to the fact that an error of 5 per cent. on the oxygen present 
probably means an error of at least 50 per cent. on the vapour. 

Combustion at the upper limit must be governed by the oxygen 
available, and an examination of the limit figures shows either limit 
of a vapour for downward propagation is roughly inversely pro- 
portional to the number of atoms needed for perfect combustion 
of the molecule, as shown in Table VII. This at once explains the 
upper limit—calorific value relationship observed, as the number 
of oxygen atoms needed for the perfect combustion of a substance 
is approximately proportional to its calorific value. 

Whether the number of atoms used is that for perfect combustion 
or that necessary to give carbon monoxide and water, the product 
obtained is only very roughly constant at the upper limit. In 
this case there seems to be a distinct tendency for the “ constants ” 
obtained to have one of two separate values. At the lower limit 
the product obtained for the normal mixtures varies by about 
10 per cent. of its value. We thus see that for almost all the 
vapours examined, at each limit, considered separately, the heat 
disengaged per unit volume of the mixture is roughly the same, 
whilst the ratio of the free oxygen available to that necessary for 
perfect combustion is also roughly constant. This is perhaps more 
clearly seen from Table VIII, in which the ratio of the amount of 
each vapour necessary to give a limit mixture to the amount which 
just burns perfectly is shown. A further interesting point is 
brought out by Table VIT, however, if we examine the figures given 
for ethyl nitrite. These would seem to show that one of the oxygen 
atoms in this compound takes no pari in the burning of the com- 
bustible portion of the molecule. This is likely enough, in view 
of the molecular structure of this compound and the assumed 
inertness of oxygen combined with nitrogen during the burning 
of nitro-compounds (Thornton, Phil. Mag., 1917, [vi], 33, 196). 

The main object of Table VIII is to direct attention tc the fact f 
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TaBLe VII. 


wing the relationship between the number of atoms of oxygen 
needed for the perfect combustion of a vapour and its limits for 
the propagation of flame downwards. 


No. of atoms No. of atoms 
of oxygen of oxygen 
necess- necessary for 
ary for complete 
perfect combustion to 
Lower combus- 
limit. tion. 
Substance. Ly. N, D,XN,. 
Ethyl ) sca P 
her | 1°85 12 
Acetone 2-93 
Methy] | 
ethyl ; 
ketone 
Benzene 
Toluene 
Methyl 
aleohol 
Ethyl! 
alcohol 
Ethyl ™ in 
acetate ii 23°3 
Acet- - aay 
aldehyde sl ; 21-4 
Ethyl od 24°9 
nitrite 4°! 17°2 
Pyridine 23°0 “f 90-0 
Carbon ) : i ~. 9 
disulphide y 1°91 1s 863 210 


oro or 


that the limits for downward propagation are situated symmetrically 
about a mixture halfway between that for perfect combustion and 
one burning completely to carbon monoxide and water. This 
can at once be seen from columns 5 and 6, in which the sum of 
these two mixtures and the sum of the two limits are shown to be 
nearly equal, except for carbon disulphide. 

The last column of Table VIII shows why results calculated 
from calorific values and from the oxygen needed to burn a vapour 
perfectly agree so well. For the nine compounds containing only 
carbon, hydrogen, and oxygen, the variation is only 4 per cent., 
and the difference only becomes serious for carbon disulphide. 
The close agreement obtained is not general, however, being partly 
due to the fact that the substances considered are all volatile liquids 
near room temperature. Thus methane gives a value of 1810, 
propane 1950, hexane 1970. On the other hand, structure 
apparently has an effect, as ethylene gives a value 2090. 

It will be seen that the lower limit downwards can be found with 


| reasonable accuracy for eleven out of the twelve solvents examined 
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by considering either the calorific value of the solvent or the oxygen 
needed for its combustion. A rough value for the upper limit can 
be found by the same methods, or through the lower limit, either 
by utilising the roughly constant ratio between the limits, or by 
making use of the equation M, + M, = L, + L, verified in Table 
‘VIII. The comparative inaccuracy of the upper-limit methods is 
‘undoubtedly due to the relative complexity of the transformations 
occurring when compared with the lower limit. The prolonging 
of combustion may partly account for the greater amount of heat 
evolved per unit volume at the upper limit, but another probable 
‘cause is an increase in the effective ignition temperature. 

In all but two cases the differences between the lower limits for 
different directions of propagation are not great. For ethyl nitrite 
and carbon disulphide they are serious and show the important 
influence exerted by convection. This factor exerts a marked 

effect in all cases at the upper limit, the limit upwards being from 
13 to 1‘7 times as great as downwards in normal circumstances. 
Where the cool flame enters, the influence of this factor in increasing 
' the limit for horizontal and upward propagation is much enhanced. 


Summary. 


Limits for the propagation of flame when mixed with air in glass 
tubes up to 7°5 cm. in diameter have been determined near room 
temperature for twelve vapours, for upward, horizontal, and down- 
ward propagation. The extreme ranges of inflammability found 
were as follows : 

Limit of propagation. Limit of propagation. 


Substance. Upwaste, Downwards. Substance. Upwards. Downwards. 
eke _— “85 . Ethyl alcohol 


2-89 »» 12° 95 “VE : Ethyl acetate 
Methyl ethyl ketone i. 97; a » 10- “1 “OE . Acetaldehyde 
Be 1-41 ° 5-55 Ethyl nitrite......... a) 
Pyridine 
Carbon disulphide i. 06° a "50-0 1° 91 >) 30°O 
In some cases there were two fundamentally distinct ranges, 
one for the “cool” and one for the ordinary flame. The cool 
flame was not generally propagated downwards. Whether a flame 
' was extinguished in, or traversed, certain vapour—air mixtures 
_ seemed to depend on the type of flame started, which was generally 
_governable by varying the means of ignition. In such cases the 
upper limit obtained depended on the means of ignition adopted. 
| The cooling effect of the walls did not appear to be important in 
tubes 7°5 cm. in diameter. The differences between results deter- 
mined in tubes of various diameters were very much less than those 
_ found by Eitner (loc. cit.). Except in two cases, lower limits did 


not differ greatly with direction of propagation. Upper limits for 
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upward propagation were about one and a half times as great as 
for propagation downwards, except for those cases in which the 
cool flame appeared, when the ratio was generally much greater, 

It was found that for all except one of the solvents originally 
examined, the lower limit for downward propagation was approxim. 
ately inversely proportional to the net calorific value of the vapow 
used. The corresponding upper limit followed a similar ruk 
roughly, the upper limit being about three and a half times the 
lower. The effective ignition temperature of eleven of the lower. 
limit mixtures would thus appear to be much the same, being 
presumably a good deal higher than those ordinarily determined 
experimentally, owing to the small interval of time in which any 
one layer of gas has to be ignited. The velocity of uniform move. 
ment of flame downwards in all but one of these limit mixtures was 
almost the same. 

As might have been anticipated from the calorific value relation, 
the amount of oxygen available for the combustion of a vapour in 
its limit mixture bore a fairly constant ratio to the amount required 
for the perfect combustion of 1 molecule of tle vapour. Thus the 
amount of solvent in a lower-limit mixture (downwards) was 
0°57 times that present in the mixture for perfect combustion, 
whilst the ratio for the corresponding upper-limit mixture was 
just under 2. For propagation in this direction, it was also shown 
that the sum of the limits was generally equal to the sum of the 
amounts of solvent necessary to give (1) perfect combustion, 
(2) complete combustion to carbon monoxide and water. The 
upper and lower limits are thus situated symmetrically about a 
mixture half-way between (1) and (2). 


I wish to thank Messrs. Nobel Industries, Ltd., and particularly 
Mr. Rintoul, Manager of the Research Section, for facilities accorded 
me for carrying out this work. , 
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CXLIX.—Use of Iron Pyrites in a Friedel-Crafts’ 
Reaction. 


By Joun ARMSTRONG SMYTHE. 


Tue observations recorded in this paper are the outcome of attempts 
made to improve the methods of preparation of sulphur compounds 
of benzyl. The usual methods, which involve the use of alcoholic 
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solutions of alkali sulphides, suffer from certain limitations and 
disadvantages; for example, solutions containing more sulphur 
| than corresponds with the alkali disulphide do not yield aliphatic 
polysulphides higher than the disulphide (Holmberg, Annalen, 
1907, 359, 81), and solutions of the monosulphide, on reaction 
with benzyl chloride, give rise to a mixture of benzyl mercaptan, 
dibenzyl sulphide, and benzyl ethyl ether. From the circumstance 
last mentioned, it follows that an alcoholic solution of sodium 
sulphide contains, not only sulphide, but also hydrosulphide and 
sodium ethoxide; a somewhat complex equilibrium is thus set up, 
some aspects of which have already been investigated by Rule 
(T., 1913, 103, 871). 

The substitution of insoluble sulphides of the metals, especially 
the well-defined natural ones, for the soluble alkali sulphides 
suggested itself as a method of obviating these hydrolytic effects 
and, in the event of their proving a success, as a means of gaining 
some insight into the nature of the polysulphide minerals. It was 
found on trial that when benzyl chloride is gently warmed with 
either iron pyrites or molybdenite, very vigorous reaction takes 
place, the outstanding feature of which is the evolution of a large 
volume of hydrogen chloride. The suspicion that these reactions 
are of the Friedel-Crafts type and owe their initiation to the form- 
ation of a metal chloride was soon confirmed, and the development 
of the subject proceeded along two main lines. 

It was shown, first, that the activity of molybdenite is occasioned 
by the presence in it of pyrites, and a method was devised whereby 
the pyritic impurity can be removed. The vigour of the reaction 
in the case of pyrites itself has been proved to depend greatly on 
the care taken in its purification. No sample of finely powdered 
pyrites has yet been prepared which is without action on benzyl 
chloride; but as its activity decreases with the removal of con- 
stituents soluble in acid, and with diminished opportunity for 
oxidation to take place, it is probable that benzyl chloride has no 
specific action on iron disulphide. Although the question cannot 
be regarded as definitely settled, the view maintained at present 
is that the action of benzyl chloride both on molybdenite and 
pyrites is due to the presence in each mineral of a small quantity 
of some oxidised product derived from iron disulphide, with which 
the organic chloride reacts to form ferric chloride; this last is the 
eflective catalyst. 

The second line of development lay in the study of the action 
of pyrites, purified without special precautions, on a mixture of 
benzyl chloride and benzene. From this reaction, dipheny]l- 
methane and both o- and p-dibenzylbenzene have been isolated, 


1272 SMYTHE : 


and there is evidence, also, of the presence of m-dibenzylbenzene 
and tetrabenzylbenzene, besides other compounds of the samef; 
class. Accompanying these crystalline substances are oils of 
promising appearance, with violet fluorescence, which are volatile 
under reduced pressure. They are possibly benzyl derivatives 
of dihydroanthracene, but this cannot be positively affirmed, since 
their chemical behaviour is so unsatisfactory. 

The possible use of pyrites in reactions of the Friedel-Crafts 
type is obviously, from the few trials which have been made, not 
one capable of even moderate expansion. It might be applicable 
to some of the somewhat limited number of cases where a minute 
quantity of ferric chloride is adequate to carry on the catalytic 
process, and, on such occasions, the pyrites might serve as a con. 
venient means of introducing the requisite amount of catalyst in 
an anhydrous condition. It evidently possesses one merit which 
is often lacking in the classic reaction and certain of its variants, 
for the products are extremely clean and free from tarry matter, 
and it is unlikely that the catalyst can exert any destructive action 
on the products, such as often occurs with aluminium chloride. 
To illustrate the point, it will suffice to quote one example. By 
the action of the aluminium—mercury couple on a mixture of benzy! 
chloride and benzene, Hirst and Cohen (T., 1895, 67, 826) found 


that only 86 per cent. of the chlorine was evolved as hydrochloric 
acid, the remainder being left in the oily products; in the present 
case, where pyrites acts on the same mixture, the products of 
reaction are entirely free from chlorine. 


EXPERIMENTAL. 


The reaction between finely ground iron pyrites or molybdenite 
and benzyl chloride sets in at about 50° with great vigour; there 
is copious disengagement of hydrogen chloride, and a dense oil, 
not volatile in a current of steam, remains. The mineral can be 
recovered almost quantitatively, and there is no evidence of the 
production of organic sulphur compounds. A similar reaction is 
brought about by the addition of a minute quantity of ferric 
chloride to benzyl chloride, even in the cold, and it is common to 
all these reactions that they are inhibited by the addition of ether. 
Test experiments, in which small and varying amounts of ether 
were added to the reacting materials, heated in open tubes, showed 
that the onset of reaction was delayed in proportion to the quantity 
of ether present. Taken in conjunction with the proof, to be given 
later, that the activity of molybdenite is due to pyrites contained 
in it, it would appear that the catalyst in all these cases is ferric 
chioride, and that the compound which this forms with ether, 
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(,H,90,FeCl, (Forster, Cooper, and Yarrow, T., 1917, 112, 809), 
is without effect on benzyl chloride; only when it has been decom- 
posed by heating does the reaction of condensation become possible. 

The violence of reaction is moderated by suitable dilution with 


ives an organic solvent. When, for example, 20 grams of benzyl 


chloride and 30 c.c. of carbon tetrachloride are heated with pyrites 
on the water-bath for twelve hours, there is a steady evolution of 
sf hydrogen chloride, and the subsequent distillation in a current of 
steam removes the solvent, along with 10 grams of unaltered 
benzyl chloride. There is no volatile product formed, and the 
residual oils resemble entirely those produced without the inter- 
vention of a solvent. Benzene has a similar moderating effect, 
with the difference, however, that it enters into reaction with the 
benzyl chloride and forms one compound, diphenylmethane, 
volatile in a current of steam, and others, of similar nature, not 
volatile in these conditions. To illustrate this reaction, the fol- 
lowing data may be quoted. Twenty-four grams of benzyl chloride 
and 45 ¢.c. of benzene, heated for twelve hours with pyrites on 
the water-bath, yielded 4-4 grams of diphenylmethane, and 6 
grams of unaltered benzyl chloride were recovered. 

In three similar experiments, in which excess of benzene was 
employed, 74 grams of benzyl chloride were used up and yielded 
11-8 grams of diphenylmethane (16 per cent.) and 60 grams of 
non-volatile oils (81 per cent.). As the organic products were 
free from chlorine, and as the removal of all the chlorine (as 
hydrogen chloride) from benzyl chloride involves a loss of 29 per 
cent. by weight, it is evident that a good deal of benzene had 
taken part in the reaction. The yield of diphenylmethane in 
these three experiments in which, for one equivalent of benzyl 
chloride, 1, 2, and 3 equivalents of benzene were used, was 7, 13-5, 
and 27 per cent. respectively, of the weight of the chloride or 
roughly in the proportion 1 : 2: 4. 

No difference can be detected, with respect to their action on 
benzyl chloride, between pyrites and marcasite, both ground finely 
without further treatment. Both are somewhat unstable minerals 
and marcasite is particularly susceptible to oxidation. Experi- 
ments made to test the influence of purification of pyrites and 
benzyl chloride on their mutual reaction show that the intensity 
of the reaction is diminished according as the benzyl chloride is 
purified, and also in a degree proportional to the removal of 
impurities (oxidation products) from pyrites and to the care taken 
to prevent the possibility of these arising. The benzyl chloride 
was purified by repeated fractional distillation, and a large fraction 
obtained boiling at 117-7—117-9°. This was freed, as far as 
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possible, from hydrogen chloride, by heating for three hours at 
120° in a stream of carbon dioxide. The pyrites was finely ground 
and digested repeatedly on the water-bath with concentrated 
hydrochloric acid, then washed with suction, in an atmosphere 
of carbon dioxide, successively with cold water, alcohol (this 
removed sulphur), and ether, all these liquids being saturated with 
carbon dioxide; finally, it was dried on a tile, over sulphuric acid, 
in an atmosphere of carbon dioxide. The temperature of reaction 
of the materials thus purified, as indicated by pronounced fuming 
and generation of bubbles of hydrogen chloride within the liquid, 
was raised to 130°, and a sample of the same mineral, after exposure 
to air for one day, initiated the reaction with the purified benzy! 
chloride at 75°. 

The action of molybdenite resembles, in all respects, that of 
pyrites; it is inhibited by ether, moderated by carbon tetra- 
chloride and by benzene, and, in the last case, the diluent takes 
part in the reaction. A sample, purified by long digestion with 
hydrochloric acid, was found to be much less active than the crude 
mineral; 1 gram of it, heated with 40 grams of benzyl chloride 
and 75 c.c. of benzene for twenty-one hours, yielded 4-8 grams of 
diphenylmethane, and 21 grams of unaltered benzyl chloride were 
recovered. This sample contained iron which could be brought 
into solution, to some extent, along with sulphuric acid, even by 
prolonged digestion with warm water. This observation threw 
doubt on the supposition, naturally made at an early stage in the 
work, that the activity of molybdenite was caused by the form- 
ation of molybdenum chloride; that it is really due to the presence 
of pyrites, in intimate admixture, seems evident from the follow- 
ing experiments, and the method therein described, although at 
present lacking the analytical data for complete satisfaction, seems 
an effective one for removing pyrites from molybdenite, although 
at the expense of some of the latter. 

The mineral used was of unknown origin, and its chief impurities 
were iron, copper, and bismuth. It was ground with calcite (which 
serves to hinder flaking), extracted with dilute hydrochloric acid, 
and the residue thoroughly digested with the concentrated acid. 
It was then levigated, washed with water and alcohol, reground, 
and the operations repeated. The finest portion was then added 
to molten potassium hydroxide and maintained at 150° for forty- 
five minutes. Extraction with water removed soluble iron and 
molybdenum compounds, and the residue yielded also some iron 
on digestion with hydrochloric acid. Renewed treatment of the 
mineral with alkali, extraction with water, and digestion with 
acid, exactly as before, yielded a specimen free from iron and 
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without action on benzyl chloride. The attack of the alkali on 
molybdenum disulphide is limited under the above conditions, 
for from 2-8 grams of the mineral, 2-5 grams were recovered after 
the first treatment and 2-4 grams after the second. At a higher 
temperature, however, molybdenum disulphide is completely 
decomposed by potassium hydroxide. 

It may be remarked here that pyrites reacts rapidly with molten 
potassium hydroxide at 150°, giving an intense blood-red coloration. 
When a little water is added to the cooled product, the colour 
changes instantly to bright green, and on dissolving the alkali 
in water, ferrous sulphide separates and the solution is rich in 
thiosulphate. These phenomena are intimately related to those 
described by de Koninck (Bull. Soc. chim. Belg., 1910, 19, 181) 
which are produced by the action of fused alkali sulphides on iron 
or any of its compounds, and on which a test for iron is based, 
more delicate than the ferrocyanide reaction. The crude molyb- 
denite used in the above reactions gave the blood-red coloration 
vith molten alkali as strongly as pyrites, but the purified mineral 
which did not react with benzyl chloride, gave no such colour, 
and on dissolving the product from the last treatment in water 
the alkaline solution was slightly brown and contained only a 
iittle molybdenum and sulphur, present as sulphide and, to some 
extent, as sulphate. The evidence is thus complete that the activity 
of molybdenite towards benzyl chloride depends on the presence 
of admixed pyrites. Incidentally, the statement of Fuchs 
(Informationes y mem. soc. ing. Peru, 1918, 20, 423; see A., 1920, 
ii, 390) that the formation of a red double suiphide, dissolving in 
water to a blue, green, or yellow solution, according to the stage of 
oxidation of the molybdenum, by the action of fused potassium 
hydroxide on molybdenite, is a test for the mineral is erroneous, since 
these effects are definitely traceable to the presence of iron pyrites. 

Although these results limit the problem, they yet fail to enable 
one to state positively by what means the catalyst is generated in 
the reaction between pyrites and benzyl chloride. The two 
natural monosulphides of iron, pyrrhotite, FeS or Fe,S,+,, where n 
has some value from 5 to 16, and pentlandite, (Fe,Ni)S, appear to 
be without action on benzyl chloride; other sulphides, like blende 
and wurtzite, ZnS, are also indifferent, although they may contain 
ion as impurity. Chalcopyrite, Cu,S,Fe,8,, showed a curious 
behaviour, for no action was observable after six hours’ heating at 
100°; but the mixture, after keeping for a week or two, entered 
into vigorous reaction on gently warming, as though the mineral 
had been resolved slowly into its proximate constituents. 


These observations are consistent with the view that iron in 
yy2 
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a ferric condition is necessary and confirm the evidence on this 
point derived from the inhibitory power of ether. The fact that 
an unbroken, cubical crystal of pyrites was found to be inert 
towards benzyl chloride, even after long heating, seems to negative 
the possibility of specific action between the two, and the explan. 
ation best in accord with the facts is that ferric chloride is formed 
by the action of benzyl chloride on some oxidation product of 
the pyrites. The possibility that hydrogen chloride, either present 
in the benzyl chloride, or formed from it by the agency of moisture, 
may play an important part in the process cannot be overlooked, 
although it would scarcely be consistent with the observation 
that a specimen of -pyrites, very active towards benzyl chloride, 
had no effect on a mixture of benzoyl chloride and benzene, or 
on one of chloroform and benzene, even after ten hours’ heating, 
for both these reactions are catalysed by ferric chloride and, in 
the former case at least, there is no lack of hydrochloric acid. 


The Reaction between Benzyl Chloride and Benzene in 
Presence of Iron Pyrites. 


Some of the general phenomena attending this reaction, as well 
as the data concerning the yields of diphenylmethane, have already 
been given. This will now be supplemented by other details 
and a description of the examination of the products. The method 
of working may be illustrated by a typical experiment: 2-5 grams 
of powdered pyrites, purified by treatment with hydrochloric acid, 
48 grams of benzyl chloride, and 60 grams of benzene were heated 
under reflux for twenty hours. Evolution of hydrogen chloride 
was continuous throughout this period. On distilling the product 
in a current of steam, unaltered benzene and benzyl chloride came 
over quickly and were collected, dried, and fractionated, whereby 
four grams of benzyl chloride were recovered. These were followed 
by a less volatile oil, smelling of oranges and crystallising in the 
condenser; this proved to be diphenylmethane, m. p. 28°, b. p. 
261°. The residual, non-volatile oil was soluble in ether, light 
petroleum, or benzene, the solutions having a violet fluorescence 
and appearing green in transmitted light. The pyrites was recovered 
unaltered for the greater part, although very small quantities of 
iron were present in the oils and in the watery liquor; as some 
of this iron is derived from the mineral during the steam-treatment, 
it is evident that the amount necessary to catalyse the reaction 
is very small. 

The non-volatile oils from several similar experiments, about 
60 grams in all, were fractionated twice under reduced pressure 
(14 mm.). On the first distillation, 75 per cent. came over below 
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360° and the residue set, on cooling, to a hard, gum-like mass, 
liquefied on warming gently, with a strong violet fluorescence and 
green in transmitted light. The second fractionation yielded six 
fractions between 220° and 320°, of which the first two, constitut- 
ing nearly 50 per cent. of the whole, boiled at 220—233° and 
solidified to a snow-white mass in the receiver; the third (233— 
240°) became mostly solid, and the remainder were largely oily, 
even after long keeping. The oily matter was strained off, as 
far as possible, from the crystals, and the latter submitted to a 
lengthy process of fractional crystallisation, the solvents used 
being, in order, acetic acid, alcohol, acetone, light petroleum, and 
benzene. Thus were obtained and identified the two main solid 
constituents of the mixture, along with several small crops, some 
probably pure, and the uncrystallisable oils. 

One of these compounds crystallises in slender needles, m. p. 
79° (Found: C = 92-73; H = 6-98; M = 237. C,9H,, requires 
C= 93-02; H = 6-98 per cent.; JJ = 258). On oxidation with 
chromic acid, in solution of acetic acid, it yields a crystalline 
product, which after recrystallisation from alcohol and acetone 
melts at 146°. The hydrocarbon is thus o-dibenzylbenzene and 
the oxidation product the corresponding diketone. 

The other compound sometimes crystallises in large, flat tablets, 
sometimes in short, tooth-shaped shafts, m. p. 87° [Found: 
C= 93-11; H=17-07 per cent.; J = 229 (ebullioscopic), 228 
(eryoscopic)], and the compound is isomeric with the above. 
Oxidation with chromic acid yields a product, m. p. 162°; and 
the hydrocarbon is thus p-dibenzylbenzene. 

Of these two compounds, the ortho occurs chiefly in the first 
two fractions, the para in the second and third, and they are present 
roughly in the proportion of 1:2. Both were prepared almost 
simultaneously by Zincke (Ber., 1873, 6, 119) and Baeyer (cbid., 
p. 220), the former of whom obtained them by the action of zinc 
on a mixture of benzene and benzyl chloride, and the latter by 
the condensation of methylal and benzene by means of sulphuric 
acid. Zincke’s later work (Ber., 1876, 9, 31) led to their complete 
identification and that of their oxidation products, the dibenzoyl- 
benzenes. The melting points of the four compounds, given by 
Zincke, are 78°, 86°, 145—146°, 159—160°—all slightly lower than 
those given above. According to Radziewanowski (Ber., 1894, 
27, 3237), the dibenzylbenzenes are produced, not by direct action 
of benzyl chloride on benzene, but at the expense of the diphenyl- 
methane, since the yield of the isomerides can be substantially 
improved only by replacing diphenylmethane for benzene in the 
Friedel-Crafts’ reaction with benzyl chloride. 
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Of the smaller fractions, two, which were apparently pure, 
melting at 81° and 90°, proved to be identical, for they both yielded 
on oxidation with chromic acid the same compound, m. p. 228°. 
Analysis of the latter (of which only 0-05 gram was available) 
gave C = 82:10; H= 5-07, which corresponds with the com. 
position of a tetrabenzoylbenzene (C,,H,.O, requires C = 82-60; 
H = 4-45 per cent.). The hydrocarbon is thus probably the 
hitherto unknown tetrabenzylbenzene, and presumably its melting 
point approximates to 90°. The difficulty of separating these 
hydrocarbons has been recorded by Zincke, and several cases have 
been met with in the course of this work, where melting points 
remained persistently low on recrystallisation. Thus a small 
fraction, m. p. 81°, which was thought to be pure, was found to 
be identical with p-dibenzylbenzene, m. p. 87°, since it yielded the 
same oxidation product, m. p. 162°. 

The fraction most soluble in all solvents had the lowest melting 
point, 63°, and gave on analysis C = 93-10; H = 7-02 per cent., 
corresponding with the empirical formula C, )H,. It is thus 
possibly the third dibenzylbenzene, which does not appear to have 
been described. Oxidation with chromic acid yielded a compound, 
soluble in hot chloroform, m. p. 155°. Of the two remaining small 
fractions, one melted at 76—77° and its oxidation product at 195°; 
the other, m. p. 73°, gave an oxidation product, m. p. 144°, 
distinguished from all the others by its sulphur-yellow colour. 
Although the identification of the last three hydrocarbons is not 
possible at present, they evidently belong to the same group of 
benzyl substitution products of benzene, and all these yield similar 
oxidation products with chromic acid which are very sparingly 
soluble in alcohol, but fairly soluble in boiling chloroform. 

The oils which accompany the crystalline hydrocarbons and 
were partly removed by filtration from the original distillation- 
fractions, partly separated out in the process of fractional crystal- 
lisation, especially from alcohol solutions, resisted all attempts 
to bring them to crystallisation. Oxidation with chromic acid 
and other oxidising agents was equally unsatisfactory, the products 
in all cases being oils, forming permanent emulsions with water. 
The heaviest fraction, not volatile at 360°/14 mm. and left in the 
distilling flask after the first fractionation, gave on analysis 
C = 93:10; H = 6-73 per cent., and left a minute quantity of 
ferric oxide after combustion. This agrees with the empirical 
formula C,H,, which requires C = 93-33; H = 6-66 per cent., 
and is common to dihydroanthracene and all its possible benzyl- 
substitution derivatives. These are likely products of the self- 
condensation of benzyl chloride. No indications were found of 
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the presence of dihydroanthracene, and therefore it seems possible 
that these oils are mixtures of its benzyl derivatives, about which 
our knowledge is practically non-existent; the investigation of 
the oils, as already remarked, failed to give any indication of their 
nature. 


ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. [Received, April 20th, 1922.] 


(L.—Triethylene Tri- and Tetra-sulphides. Part II. 
By Srr Prarutta CHanpra RaAy. 


THE preparation and properties of these cyclic polysulphides have 
already been described (T., 1920, 117, 1090). Their various 
derivatives form the subject of the present communication. 

The compounds produced by the reaction of triethylene tri- 
sulphide with mercuric nitrite and with mercuric chloride have 
the formule (C,H,),S,,2Hg(NO,). and (C,H,),S3,3HgCl,, respec- 
tively. Evidently on account of its greater molecular weight, 
only two molecules of the nitrite can combine with one molecule 
of the polysulphide, which, however, can combine with the expected 
three molecules of the chloride. These compounds may be regarded 
as sulphonium derivatives in which the bivalent sulphur atoms in 
the ring become quadrivalent, thus : 


>S + HgCl, —> >s< Heel 


When the mercuric nitrite mercaptide is treated with ethyl iodide, 
the corresponding trisulphonium derivative, (C,H,),83,HgI,,2EtI, is 
obtained (compare T., 1919, 115, 262), and also a derivative of 
1: 4-dithian, namely, (C,H,).S,,HglI,,EtI. 

From triethylene tetrasulphides and mercuric chloride, two 
distinct compounds have been obtained. The $-modification (m. p. 
104°) gave one, with the formula (C,H,),8,,1$HgCl,, whilst the 
§-modification (m. p. 59—60°) gave the compound (C,H,)3S3,HgCl, ; 
that is, in the latter case one atom of sulphur in the ring is elimin- 
ated. This remarkable property will be noticed below in some 
other instances, for example, in the compounds with ethyl iodide 
or platinic chloride. The underlying principle seems to be that 
when this complex sulphide ring is loaded with a compound having 
a high molecular weight, the former is put to a state of strain and 
has thus to part with either an atom of sulphur or the complex, 


‘C,H,°S:, thus : 
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C,H 
—> S<cy'>S 


(1 : 4-Dithian.) 


The polymerisation of these sulphides has already been referred 
to; the 8-modification has been proved to be made up of four 
associated molecules and it was suspected that those with higher 
melting points had been formed by the coalescence of more than 
four simple molecules (loc. cit., p. 1091). The §-modification 
yields with ethyl iodide a compound, [(C,H,),8,];,EtI, and the 
y-modification yields two derivatives, [(C,H,),8,],,Etl and 
[(C,H,),8,].,EtI, respectively. In marked contrast with that of 
the 8-modification is the behaviour of the 6-variety towards ethy] 
iodide. When it was heated under reflux with this reagent, it 
began to evolve hydrogen sulphide. The reaction was continued 
for several hours until no more gas was given off. The product, 
crystallised from hot acetone, melted sharply at 77°; it conformed 
to the formula C,,8,,H,;,C,H;I, but no definite constitution could 
be assigned to it. 

From triethylene disulphide dimercaptan and mercuric nitrite the 
corresponding dinitritomercaptide, (C,H,),8,(S-HgNO,)., has been 
obtained, which, by interaction with ethyl iodide, yields two deriv- 
atives having an identical empirical formula, (C,H,),S,,HgI,,2Etl. 
Evidently these are trisulphonium compounds to which the consti- 


S 71)-C,H,°S 
tutional formula Pe pte ea $9 
gtts : ‘24 


pare T., 1919, 145, 262). — 

The interaction of ethylene mercaptan and mercuric nitrite has 
already been studied (T., 1916, 109, 605). A purer product is 
obtained when, instead of ethylene mercaptan itself, its potassium 
derivative, SH-C,H,°SK, is used. The mercaptide nitrite conforms 
to the formula (C,H,).S,(HgNO,),. Evidently the following 
reaction takes place : 


NO,*Hg-NO,+KS-C,H,;SH O HS-C,H,SK + NO,-Hg-NO, 
—-> NO,Hg’S-C,H,'S-S-C,H,S-Hg-NO,. 
As ethylene mercaptan is very liable to aerial oxidation, the two 
molecules coalesce as shown above. This mercaptide nitrite, 
again, by interaction with ethyl iodide, has been found to yield 
three distinct sulphonium derivatives; two conforming to the 


formula (C,H,),8,,2HgI,,2EtI, and the third to the formula 
(C,H,)8,,HgI,,2EtI. In the former all the four sulphur atoms 


may be assigned (com- 
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have become quadrivalent, whilst in the latter one atom remains 
bivalent. The compound (C,H,),S,,HgI,,EtI has already been 
described (T., 1917, 144, 105), and incidentally it was stated “ that 
whenever there are more than two atoms of sulphur in a molecule 
some (but not all) can become quadrivalent.” It is now found 
that not only two or three but all the sulphur atoms in the ring 
can become quadrivalent. 

Two distinct chloromercaptides have been obtained from tri- 
ethylene trisulphide and platinic chloride conforming to the formule 
(C,H,)383,PtCl, and (C,H,),S,,PtCls, respectively; in the latter 
case an atom of sulphur is eliminated (vide supra). 


EXPERIMENTAL. 


Triethylene Trisulphide and Mercurie Nitrite—To the dilute 
alcoholic solution of the sulphide a solution of sodium mercuric 
nitrite was added in a thin stream with constant stirring. The 
copious precipitate obtained was washed, and dried in a vacuum 
desiccator. The crystals were nacreous and had a faint yellow 
tint; when treated with hydrochloric acid, they evolved red fumes 
(Found : Hg = 51-86; N=6-91. C,H,.0,N,S,Hg, requires Hg = 
52:36; N = 7-33 per cent.). 

When the mercaptide nitrite was heated under reflux with ethyl 
iodide for three to four hours and the product allowed to cool, @ 
crystalline mass was deposited. This having been collected and 
digested with acetone, needle-shaped, grey crystals remained, m. p. 
128° (Found: Hg = 22-40; I = 54-35. (C,H,),8;,Hgl,,2Etl re- 
quires Hg = 21-14; I = 53-70 per cent.). The acetone filtrate, 
when mixed with about one-fourth its bulk of methyl alcohol and 
allowed to evaporate spontaneously, yielded leafy, almost white 
crystals, m. p. 86° (Found: Hg = 27-28; I = 52-42; S = 8-67. 
(C,H,).S,,HgI,,EtI requires Hg = 27-40; [=52:19; S=8-77 
per cent.). 

Triethylene Trisulphide and Mercuric Chloride—In this case 
alcoholic solutions of the components were mixed together (Found : 
Hg = 59-84; Cl= 21-63. C,H,,Cl,S;Hg, requires Hg = 60-42; 
Cl = 21-45 per cent.). 

6- and 5-T'riethylene Tetrasulphides and Mercuric Chloride.— 
Alcoholic solutions of the components were mixed. The @-modifi- 
cation gave the compound (C,H,),8,,1HgCl, (Found : Hg = 48-45; 
Cl= 16-54; S = 20-23; C=11-28; H=2-16. Cale, Hg= 
48-54; Cl = 17-23; S = 20-71; C= 11-65; H = 1-94 per cent.), 
and the 8-modification gave the compound (C,H,),83,HgCl, (Found : 
Hg = 44-53; Cl= 16-74; S = 22-09. Cale., Hg = 44-34; Cl= 


15-74; S = 21-29 per cent.). 
y y* 
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B-, y-, and 8-T'riethylene Tetrasulphides and Ethyl TIodide.—The 
8-modification, when heated under reflux with ethyl iodide for 
about three hours, was converted into a viscous liquid which, on 
cooling, gave an impure solid mass; recrystallised from hot benzene, 
this yielded white crystals, m. p. 103° (Found : I = 9-90; 8 = 52-78, 
[(C,H,)354];,C.H;I requires I = 10-45; S = 52-64 per cent.). 

The y-modification, similarly treated, yielded a product which, 
when recrystallised from hot benzene, gave a crop of white crystals, 
m. p. 96° (Found: I = 12-44; S = 50-56. [(C,H,),S,],,Etl 
requires I = 12-65; S = 50-99 per cent.). 

The mother-liquor of the above, on slow and spontaneous evapor- 
ation, gave a second crop of material, m. p. 70° (Found : I = 20-33; 
S= 43-12; C= 2950; H=5-56. [(C,H,),8,].,EtI requires 
I = 21-90; S = 44-14; C = 28-97; H = 5-00 per cent.). 

The product of the interaction of the 5-modification and ethyl 
iodide was the compound C,,H,;S,,,C,H;[ (Found: I = 14-77; 
S = 52-49; C= 28-91. Calc., I= 15-03; S = 53-02; C = 28-40 
per cent.). 

Triethylene Disulphide Dimercaplan and Mercuric Nitrite —The 
methyl-alcoholic solution of the dimercaptan, when treated with 
mercuric nitrite, yielded the corresponding mercury nitrite mer- 
captide [Found : Hg = 53-16; N = 2-73. (C,H,4)35,,(HgNO,),,2}H,0 
requires Hg = 53-41; N = 3-73 per cent. ]. 

The above nitrite, when treated with ethyl iodide as in the 
previous cases, yielded a semi-solid mass. After this had been 
treated with methyl alcohol to remove tarry matter, the residue 
was shaken with warm acetone, when a portion of it dissolved and 
the rest was obtained in white crystals with a faint yellow tint, 
m. p. 107—108° (Found: C= 14-43; H= 3-58; I = 51-70; 
Hg = 20-88 per cent.). The filtrate was allowed to evaporate 
spontaneously after addition of a few drops of methyl alcohol, 
when successive crops were deposited having the m. p. 118°. The 
latter were unctuous to the touch and resembled boric acid (Found : 
I = 52-23; Hg = 20-86 per cent.). Both compounds had the 
formula (C,H,),S8,,HgI,,2EtI (Cale., C = 14-78; H = 2-66; I= 
52-16; Hg = 20-54 per cent.). 

Ethylene Mercaptan and Mercurie Nitrite—The dinitrite con- 
formed to the formula (C,H,S8,,HgNO,), (Found: Hg = 59-88; 
N = 3-64. Calc., Hg = 59-17; N = 4-14 per cent.). 

Ethylene Mercaptide Nitrite and Ethyl Iodide—The product of 
interaction was a semi-solid mass. It was treated with a small 
quantity of warm methyl alcohol, which dissolved the colouring 
and tarry matters, leaving a crystalline residue. The latter was 
heated under reflux with acetone for a few minutes. The in- 


RT I, 


—The 
le for 
h, on 
zene, 
)2°78, 


hich, 
stals, 
» Ht 


upor- 
33 ; 
uires 


thy! 
1-7; 
8-40) 


-The 
with 
mer- 


H,0 


the 
een 
idue 
and 
‘int, 


DYES DERIVED FROM CAMPHORIC ANHYDRIDE. 1283 


soluble portion consisted of beautiful yellow crystals, m. p. 151° 
(Found: I = 55-46; Hg = 28-96 per cent.). The acetone filtrate, 
on cooling, gave a first crop consisting of a mixture of the above 
and the next compound (m. p. 121°). The second crop was also 
impure. The third crop melted sharply at 121° [Found: I= 
52:80; Hg = 20-34. (C,H,),S,,Hgl,,2EtI requires I = 53-48; 
Hg = 21-05 per cent.]. The mother-liquor, on further evapor- 
ation, gave crystals melting at 107°; this product is exceedingly 
soluble in acetone, and hence it is the last to crystallise out (Found : 
[= 54:88; Hg = 27-96 per cent.). The compounds with m. p. 
151° and 107°, respectively, had identical compositions 
(C,H,).8,,2HgI,,2EtI 

(Cale., I = 54-28; Hg = 28-49 per cent.). 

Triethylene Trisulphide and Platinic Chloride—The components 
were mixed in alcoholic solution, when a pale yellow, crystalline 
precipitate was obtained; it was washed as usual, dried, and 
treated with carbon disulphide to free it from any trace of sulphur 
which might be present. The crystalline product had the formula 
(C,H,),8.,PtCl, (Found: Cl = 24-89, 23-74; S = 14-88, 15-01; 
Pt = 42-66, 43-28. Calc., Cl = 23-59; S=14:17; Pt = 43°63 
per cent.). The alcoholic mother-liquor, on slow evaporation, gave 
successive crops, the first and second of which were rejected as 
being slightly contaminated with the above salt. The third and 
fourth crops were pure [Found: Cl = 26-53, 27-01; S = 19°31, 
19-23; Pt = 37-27, 37-21. (C,H,4),83,PtCl, requires Cl = 27-36; 
§= 18-49; Pt = 37-96 per cent.]. 

CurMiIcAL LABORATORY, COLLEGE OF SCIENCE, 

UNIVERSITY OF CALCUTTA. [Received, December 8th, 1921.] 


CLI.—Dyes Derived from Camphoric Anhydride. 
By Anukut Cuanpra Srrcar and SikuiBuusan Dutt. 


Cottie (T., 1893, 63, 964) condensed camphoric anhydride with 
resorcinol, but the product was neither crystalline nor very pure. 
With this exception, no work had been done on the condensation 
of camphoric anhydride with hydroxy- or amino-compounds, and 
therefore the present investigation was undertaken in the hope 
that such condensation products would possess interesting tinc- 
torial and fluorescent properties similar to those of the fluoresceins, 
eosins, and rhodamines obtained from phthalic anhydride, naph- 
thalic anhydride (Terrisse, Annalen, 1885, 227, 133), and quinolinic 


acid (Ghosh, T., 1919, 145, 1102). 
yy*2 
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Methods suitable to the purpose have been worked out ani 
camphoric anhydride has been condensed with resorcinol, m-di- 
methylaminophenol, phloroglucinol, m-aminophenol, m-phenylene. 
diamine, and aniline. The product of condensation with resorcino 
has been brominated and the corresponding eosin obtained. 

Two products are formed by the condensation of phloroglucinol 
with camphoric anhydride, one of which is red and the other yellov, 
The former is the true phloroglucinoleamphorein. The consti- 
tution of the yellow compound, which does not display fluorescence 
in solution, has not been ascertained. 

The conversion to tarry by-products of a considerable proportion | 
of the materials used in the condensation renders the isolation andj 
purification of the product extremely tedious and difficult. Special] 
procedure had therefore to be devised in every case. 

Ordinary commercial (stick) zinc chloride is not the most suitable 
for effecting condensation. The best form of this reagent is obtained 
by dissolving pure zine oxide or carbonate in concentrated hydro- 


chloric acid, evaporating the solution to dryness, and heating they ™- 
residue at 200° in a current of dry hydrogen chloride for about half 
an hour. The zine chloride is thus obtained as an anhydrous 

—Ca 


powder containing occluded hydrogen chloride, which probably 
augments the activity of the substance as a condensing agent. 28 

The depth of colour and intensity of fluorescence of the dyes§ iftee 
derived from camphoric anhydride are quite similar to, if not much§™d 
more marked than, those of the corresponding compounds obtained § "ee! 
from phthalic anhydride. Evidently, therefore, the hydrogenised§ 2 1 
nucleus has no deleterious effect on the tinctorial and fluorescent§ oul 


properties of these compounds. fa , 
I 

EXPERIMENTAL. hydr 

C,H C,H,(OH ms 

Resorcinolcam phorein, o-0>°<crnom >? — Camphoric ng 
solu 


anhydride (3-6 grams) and resorcinol (4-5 grams) were heated with 
zine chloride (6 grams) at 180° for three hours, the mass was cooled 
and repeatedly extracted with dilute sodium hydroxide, and the 
filtered solutions were treated with hydrochloric acid. The brown 
precipitate was boiled in alcohol with animal charcoal, the solution 
filtered, and the camphorein, precipitated with light petroleum,§ p; 
was converted into the sodium salt and treated with basic lead 


acetate. The alcoholic solution of the precipitate was decom-§ Pho 
posed with hydrogen sulphide, and from the filtrate the camphoreing heat 
was obtained as a reddish-brown, crystalline powder which did not Afte 
melt at 290°. 200 

Resorcinoleamphorein dissolves in sodium hydroxide solution 
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ith a red colour and the solution on dilution shows an intense 
sen fluorescence. It is very soluble in alcohol, acetone, or acetic 

id, moderately soluble in chloroform or benzene, and almost in- 
yluble in ether, light petroleum, or water. The sodium salt dyes wool 
a brick-red shades (Found: C= 72:04; H=6-16. Calc., 
}= 72-13; H = 6-01 per cent.). 

Tetrabromoresorcinolcam phorein, at ne >O, was 
tained, in brown spangles with a golden-green, metallic lustre, 
iy warming the camphorein in acetic acid with excess of bromine. 

The tetrabromo-derivative, which does not melt below 290°, is 
jightly soluble in alcohol, acetic acid, or acetone, and almost 
nsoluble in ether, chloroform, or benzene. In dilute sodium 
iydroxide solution it shows a beautiful moss-green fluorescence. 
The sodium salt dyes wool and tannin-mordanted cotton in brilliant 
jink shades (Found: Br = 46-81. C,.H,,0;Br, requires Br = 
{6-92 per cent.). 

m-Dimethylami ” agtaaar per Hydrochloride, 

H,(NMe,) 4 
<a One NMe,)> 0-HCl. 

—Camphoric anhydride (1-8 grams) cad m-dimethylaminophenol 

28 grams) were heated with zine chloride (3 grams) at 180° for 
ifteen minutes, the mass was cooled, powdered, washed with water, 
ind boiled in pyridine with animal charcoal. The camphorein, 
precipitated from the filtered solution with hot water, was obtained 
in bright violet-red flocks, which did not melt at 285°. It is fairly 
wluble in aleohol, ether, or acetone, and very readily so in pyridine 
ind in acids, forming a pink solution showing orange fluorescence. 

On dissolving the camphorein in the smallest quantity of hot 
hydrochloric acid and allowing to cool, the hydrochloride of the base 
separated in glistening, green prisms, m. p. 125—126°. It is spar- 
ingly soluble in chloroform, benzene, or light petroleum, moderately 
soluble in alcohol, acetone, or acetic acid, and very soluble in water. 

The solutions exhibit a magnificent orange fluorescence, which is 
strongest in alcohol. It dyes brilliant pink shades on wool and 
reddish-violet shades on tannin-mordanted cotton (Found : N = 5-5; 
(l= 17-7. C.ygHs,0,N,Cl requires N = 6-1; Cl = 7°8 per cent.). 

Phloroglucinolecamphorein, areereeces myn — Cam- 
phoric anhydride (1-8 grams) and phloroglucinol (2-5 grams) were 
heated with 3-5 grams of zinc chloride at 200° for ten minutes. 
After cooling, the powdered mass was boiled for half an hour with 
200 c.c. of water containing hydrochloric acid, filtered, and, on 
cooling, the camphorein obtained as orange-red, microscopic needles, 


DYES DERIVED FROM CAMPHORIC ANHYDRIDE. 


which did not melt at 290°. It is only sparingly soluble jn 
organic solvents, but is fairly soluble in hot water containing 
mineral acid. It dissolves in sodium hydroxide solution with a 
blood-red colour, exhibiting faintly green fluorescence. The sodium 
salt dyes wool in orange shades (Found: C = 66-1; H = 5-53, 
CygH.,0, requires C = 66-33; H = 5-52 per cent.). 

The residue left after extraction of the above compound with 
boiling water was dissolved in sodium hydroxide solution, pre. 
cipitated with hydrochloric acid, and finally obtained in long, 
yellow needles (from alcohol), m. p. 195° (decomp.). It is very 
soluble in all organic solvents, but is insoluble in water, and 
its alkaline solution is without fluorescence. The constitution 
is unknown (Found: C = 63-08; H = 5-98 per cent.). 

m-Aminophenolcamphorein, st MCC s¥ (oH) >NHL —Cam- 
phoric anhydride (1-8 grams) and m-aminophenol (2-2 grams) were 
heated with zine chloride (3 grams) at 180° for half an hour. After 
cooling, the mass was boiled in alcohol with animal charcoal, filtered, 
and precipitated with water. This operation was repeated several 
times. The brown precipitate was dissolved in aqueous ammonia 
and the camphorein precipitated with hydrochloric acid as a dark 
brown powder, m. p. 210° (decomp.). It is readily soluble in 
alcohol, acetone, acetic acid, or alkalis, exhibiting a dark green 
fluorescence (Found: C = 72-00; H = 6-49. C,.H,,0,N requires 
C = 72-32; H = 6-30 per cent.). 

m-Phenylenediaminecamphorein, an ee ol ( NH) NE. — 
Camphoric anhydride (1-8 grams) and wpbephes Ft A grams) 
were heated together with zinc chloride at 220—230° for about half 
an hour. The mass was cooled, extracted with boiling alcohol 
(with animal charcoal), filtered, and the camphorein obtained as 
brownish-yellow prisms with a fine, silky lusture, by the cautious 
addition of hot water. The camphorein melts and decomposes at 
234° and is fairly soluble in alcohol, acetic acid, acetone, or chloro- 
form, showing a fine green fluorescence (Found: N = 11-69. 
C.,H,;0,N, requires N = 11-57 per cent.). 

CuemicaL LABORATORY, 


University or Dacca, 
Dacca, Benaat, Inpra. [Received, December 29th, 1921.] 


THE HYDROFERROCYANIDES, ETC. PART I. 1287 


le in 
ining § (LII.—The Hydroferrocyanides and Hydroferricyanides 
ith a of the Organic Bases. Part I. 


By Witi1amM Murpocn CumMInNG. 


Tax literature on the hydroferrocyanides is very scanty, and no 
ystematic examination of these compounds has been made. Kiel- 


pre- B meyer (Dingl. Polyt. J., 1874, 214, 324) mentions the use of a 
Ong, # olution of aniline hydroferrocyanide, prepared by treating the 
very @ base with a solution of hydroferrocyanic acid, but no salt was 


isolated. By a similar method, Barth (Ber., 1875, 8, 1484) pre- 
pared tetramethylammonium ferrocyanide, (NMe,),Fe(CN),,7H,O. 
Other substituted ammonium compounds were investigated by 
f. Fischer (Annalen, 1878, 190, 184), who prepared them by 
trating a strongly acid solution of the haloid salt or sulphate 
with potassium ferrocyanide. The same investigator also pre- 
pared the hydroferrocyanide of aniline, mono-, and di-alkylanilines, 
but assigned a definite formula only to the dimethylaniline salt. 
From a consideration of the solubilities of these salts, he was able 
to separate the primary, secondary, and tertiary bases, the salt of 
the primary base being least soluble; in the aliphatic series he 


m= § found the order of solubility reversed, and isolated the hydroferro- 

en cyanide of triethylamine. Mohler (Ber., 1888, 21, 1015) separated 

res pyridine from mixtures containing its homologues in a similar 
way. Wurster and Roser (Ber., 1879, 12, 1822) prepared hydro- 

a ferrocyanides of p-nitroso- and p-bromo-dimethyl-aniline and -m- 
toluidine, as well as the salts of the dimethyltoluidines, from a 

18) strongly acid solution of their sulphates. 

alf All the hydroferrocyanides mentioned above have the general 

ol formula (Base),,H,Fe(CN),,7H,O. 

as Wurster and Roser also isolated salts of tetramethyl-m- and 

us -p-phenylenediamines, having the general formula 

at Base,H,Fe(CN),.,2H,O. 

O- Eisenberg (Annaler, 1880, 205, 265), as well as describing the 

d. preparation and properties of the acid hydroferrocyanides of 


aniline and dimethylaniline, found that a neutral salt of the general 
formula (Base),,H,Fe(CN), is formed when the base is treated 
with alcoholic hydroferrocyanic acid. The corresponding salts of 
methylamine and piperidine were examined crystallographically 
by Hiortdahl (Jahresber. Chem., 1886, 1, 512), but no indication is 
given of the method of preparation. A salt of similar constitution 
was isolated in two modifications from /-menthylamine by Briggs 
(T., 1911, 99, 1029). 

It was in seeking a method for the separation of o-tcluidine 
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from a mixture containing the p-compound that the present author 
was led to study the action of a solution of sodium ferrocyanide 
on the hydrochlorides of these bases. The separation was effected 
and the reaction was extended, and seemed to be of such value 
in the separation and identification of aromatic bases that a 
systematic examination of their hydroferrocyanides was undertaken, 

General Properties —The hydroferrocyanides are usually coloured 
and of definite crystalline form, usually rhombohedral; they are 
infusible, and are insoluble or slightly soluble in cold water, the 
solution, which is neutral, being decomposed near the boiling point 
with the precipitation of Prussian blue and the evolution of hydro. 
cyanic acid. In some cases, boiling has to be continued for some 
time before this decomposition will take place, whilst in others 
heating at 80° is sufficient. At the ordinary temperature, the 
solution in water is remarkably stable; air passed through neutral 
and acid solutions of o- and p-toluidine hydroferrocyanides for 
twenty hours at 20° produced no apparent oxidation. They are 
insoluble or slightly soluble in cold or hot alcohol, the solution not 
as a rule being decomposed on boiling, and also insoluble in ether 
or benzene. 

Sodium hydroxide solution liberates the base from the salts, 
They are decomposed by hydrochloric, sulphuric, and acetic acids 
with the formation of the corresponding salt of the base. Dilute 
nitric acid on heating, and strong nitric in the cold or on slightly 
heating, decompose the salts, giving a dark reddish-brown solution 
which develops an orange-red coloration when diluted and treated 
with sodium hydroxide solution, with the formation of nitroprusside. 

The salts of the primary and secondary bases are decomposed 
by boiling acetic anhydride, a dark coloured or black residue 
remaining. In few cases are they decomposed by boiling acetyl 
chloride. The salts of the tertiary bases are not decomposed by 
boiling methyl iodide. 

The salts of the tertiary bases are the most highly coloured and 
most stable, no change in colour being noticed after some months. 

Effect of Heat——The hydroferrocyanides, when gently heated, 
invariably change colour, ultimately passing through green and 
blue to black. If the heating is carefully carried out, the com- 
pounds retain their crystalline structure when black, especially 
in cases where the crystals are comparatively large. In all cases 
hydrocyanic acid, water of crystallisation, if any, and the base are 
liberated when heat is applied. 

When the salts are heated rapidly and heating is discontinued, 
the substance begins to glow spontaneously, giving oif heavy, 
combustible vapours which sometimes catch fire, until the whole 
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ithor § mass has been decomposed, leaving, usually, red ferric oxide. In 
inide J only one case, the $-naphthylamine salt, was a sublimate formed 
cted § ata high temperature. 

value § The Effect of Acidic Growps—The only cases mentioned in the 
at a §f literature where a hydroferrocyanide containing an acidic group 
ken. Jf in the organic radicle was prepared are the p-nitroso- and p-bromo- 
ured § derivatives of dimethylaniline mentioned by Wurster and Roser 
are & (loc. cit.). 

the Eisenberg (loc. cit.) mentions unsuccessful attempts to prepare 
int § these salts from mono- and di-bromoaniline. In the case of acet- 
dro- § amide, he found that hydrolysis took place with the formation of 
ome § ammonium ferrocyanide and acetic acid. This was confirmed by 
hers § the present author. 

the The influence of the nitro-, sulphonic, hydroxyl, carboxyl, and 
tral § phenyl groups was studied, and it was found that whenever a 
for § strongly acidic group was present in the molecule no hydroferro- 
are § cyanide was formed by the method of preparation used in this work. 
hot § The compounds examined were 2 : 4: 6-trichloroaniline, 2 : 4 : 6- 
her § tribromoaniline, o-, m-, and p-nitroanilines, nitro-m- and -p-tolu- 

idines, m- and p-aminophenols, sulphanilic acid, naphthylamine- 

Its. f and aminonaphthol-sulphonic acids, picramic acid, anthranilic 
ids § acid, hydroxylamine, hydrazine, phenylhydrazine, phenylhydrazine. 
ite § sulphonic acid, aminoazobenzene, carbamide, uric acid, semi- 
tly § carbazide hydrochloride, thiosemicarbazide, 5-benzylsemicarbazide, 
on § benzylaniline, diphenylamine, and some dyestuffs containing basic 
ed § and acidic groups. No apparent change took place when the 
le. § saturated ferrocyanide solution was added to acid solutions of 
ed ff the above compounds in the cold, even after standing for days, 
ne — although the solution formed was always decomposed on boiling, 
yl § giving the blue precipitate. 


y A few interesting colorations were obtained : 
d Sulphanilic acid ............... Green coloration, blue with ammonia. 
) Nitro-p-toluidine ............... Green coloration. 
, Aminoazobenzene _............ Green coloration in neutral solution, orange 
1 with hydrochloric acid. 
: m-Aminophenol _ ............++. Violet coloration in alkaline solution. 
d Semicarbazide hydrochloride Orange-pink coloration when a few drops of 


. ammonia or borax solution are added to 
the hot acid solution at the point when 


y decomposition just begins. 
g Thiosemicarbazide ............ Violet coloration in neutral solution, dis- 
charged by boiling, changed to pink with 
p acids or alkalis. 
-Benzylsemicarbazide ......... Pink coloration in neutral solution, discharged 


by excess of acid or alkali. 


In the two cases mentioned by Wurster and Roser cited above, 
' | it would appear that the basicity of the dimethylaniline was not 
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materially affected by the introduction of the nitroso- or bromo. 
group in the para-position. 

It seems that when the basicity of a compound is materially 
altered by the introduction of an acidic group no acid hydroferro. 
cyanide is formed. 

The Effect of Basic Groups.—Alky] groups have a marked influence 
on the physical properties of the hydroferrocyanides. It has 
already been mentioned that Fischer showed that the order of 
solubility was reversed in the aliphatic and aromatic series. The 
aliphatic amine salts differ from those of the aromatic amines 
in their much greater solubility. The only aliphatic amine sait 
which was isolated by the present author was that of trimethyl. 
amine, no trace of a salt being obtained with methylamine. In 
the aliphatic series, the introduction of an alkyl group decreases 
the solubility in water. The reverse rule applies in the case of 
the aromatic series, whether the alkyl group is substituted in the 
nucleus or in the side chain. It is interesting to note that, although 
phenylhydrazine even in concentrated acid solution forms no 
hydroferrocyanide, yet Fischer prepared the salts of its alkyl 
derivatives, its basicity having been thus increased. 

The effect of alkyl groups has also an important bearing on the 
stability of the hydroferrocyanides. The introduction of an alkyl 
group into the nucleus or side chain reduces the stability, but the 
introduction of the second alkyl group into the side chain increases 
the stability: the salts of the secondary amines are the least 
stable. 

The introduction of a second amino-group in the nucleus increases 
the solubility, but decreases the stability. The salts of the diamino- 
diphenyl compounds are usually very insoluble in water and slightly 
unstable. 

EXPERIMENTAL. 
General Method of Preparation. 

In order to arrive at some idea of the colour of these salts, it 
was found advisable to purify the base in the first instance and 
then to form the hydrochloride, although in some cases it was 
impossible to get rid of slight colouring matter; the base was 
redistilled or recrystallised if necessary and then treated with 
iron-free hydrochloric acid until slightly acid. The hydrochloride 
thus formed was cooled and water added until all the hydrochloride 
went into solution. The final solution was always under the 
saturation point at the ordinary temperature, and was slightly 
acid to Congo-red. The slightest trace of iron present gives the 
salts a somewhat blue colour. 

A cold saturated solution of recrystallised sodium ferrocyanide 
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yas added gradually to the acid solution of the hydrochloride of 
the base with constant shaking. In some cases, a precipitate 
sppeared at once, whilst in others crystals appeared after a time. 
In the former case, the salt was again prepared, using more dilute 
glutions of ferrocyanide and so on until its crystalline form was 
jefinite when examined under the microscope. The addition of 
the ferrocyanide solution was stopped when precipitation was 
judged to be complete, but after this point was reached the solution 
nust still be slightly acid to Congo-red. Water was then added 
to remove any free hydroferrocyanic acid which might have been 
precipitated, and the salt was filtered, washed with water and with 
alcohol, and dried by suction. 

No attempt was made to recrystallise the salts owing to their 
low solubility and to the fact that their solution in water decom- 
poses when heated. Although Fischer recrystallised his dimethyl- 
iline salt from water, and it so happens that this is one of the 
nost soluble salts, he noted that its colour was changed to blue 
owing to decomposition on heating the solution. Moreover, the 
alt he then obtained was anhydrous, whereas the salt he prepared 
originally must have contained 2H,O, as proved by Eisenberg and 
by the present author. Suitable concentrations of hydrochloride 
and ferrocyanide solutions were therefore chosen such that the 
alts came down in definite crystalline form. 

The question of drying these salts is one of importance. Barth 
loc. cit.), for example, found that the tetramethylammonium salt 
changed from one containing 13H,O to one containing 5H,0 when 
dried in air and over calcium chloride, respectively. Fischer, who 
dried all his salts in a vacuum over concentrated sulphuric acid, 
found that his acid hydroferrocyanides were anhydrous; this may 
account for the loss of 2H,O mentioned above. 

In these experiments the salts were dried by suction after washing 
with alcohol and then in some cases by allowing them to stand 
over calcium chloride for a short time. 


The Analyses. 


Wurster and Roser (loc. cit.) confirmed their result for iron by 
estimating the water of crystallisation in some instances, although 
they gave these figures with caution, since the salts decomposed 
at 100°. On the other hand, Barth’s neutral salt contained 2H,O 
at 140°. 

In these experiments, the salts were ignited in an open porcelain 
or quartz crucible, when red ferric oxide remained. This result 
was confirmed by igniting in presence of concentrated sulphuric 
and nitric’acids. It was also confirmed by using a new type of 
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combustion boat designed for this purpose. The boat, as illus. 
trated below, was made of transparent quartz tubing drawn out 
at both ends and upturned, these ends acting as baffles for the 
current of oxygen as well as hooks for withdrawing the boat from 
the combustion tube. In this way, none of the ferric oxide was 
carried over. The ignition was then effected in an atmosphere of 
oxygen, and the combustion and the ignition were carried out in 
the one operation. This boat should be useful in the analysing 
of salts of organic compounds which are difficult to ignite in the 
ordinary way. 
Side elevation. 


aes —- 


Plan. 


The estimation of water of crystallisation cannot be effected 
directly owing to the ease with which the salts give off hydrocyanic 
acid when heated, some even at the ordinary temperature, as well 
as water. The water seems to be firmly fixed to the molecule as 
such; unsuccessful attempts were made to extract the water with 
various organic solvents, such as absolute alcohol, pyridine, etc., 
but no trace was removed. When heated, however, in a test- 
tube, water as well as the base could be identified, in some cases, 
on the colder parts of the tube. 

The aniline salt, on heating for half an hour on the water-bath 
(until it just turned black), lost 8-9 per cent. (calculated loss for 
2H,O = 8-22) and continued to lose weight thereafter. An attempt 
was made to estimate the total water and hydrocyanic acid by 
heating under reduced pressure. On heating for seventy-five 
minutes at 95°/500 mm., it lost 9-7 per cent., whilst on heating 
for eight hours under these conditions it lost 27-1 per cent. 
(calculated loss for 2H,O plus 4HCN = 32:87). 

The salts of the primary amines could not be estimated with 
nitrite, as the solution of the salt in hydrochloric acid turned blue 
immediately on exposure to air. Starch-iodide could therefore not 
be used as an indicator. 

Williams’s method for estimating inorganic ferrocyanides (J. Soc. 
Chem. Ind., 1912, 31, 468) did not give concordant results. 
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After the constitution of the aniline salt had been definitely 
fixed, it was soon evident that the analyses of the other hydro- 
ferrocyanides followed more or less a general rule, in which the 
constitution was (Base),,H,Fe(CN),,2H,O, as shown by the iron 
estimation. As long as the iron result confirmed this general 
constitution, no further check seemed necessary. As soon as it 
departed from it, a confirmatory check was applied in the form of 
a carbon, hydrogen, or nitrogen estimation. 

The analyses were carried out on freshly prepared specimens, 
and these were again examined for change of colour after three 


months. 
Hydroferrocyanides of Organic Bases. 

Unless stated otherwise, the formule of the following salts are 
of the type (Base),,H,Fe(CN),,2H,O. 

Aniline Hydroferrocyanide—White, rhombohedral crystals with 
slight green tinge, almost insoluble in cold water, insoluble in alcohol, 
ether, or benzene. The salt is stable on standing (Found : C = 49-39; 
H= 5-08; Fe = 12-74. Cale., C = 49:31; H = 5-02; Fe = 12-78 
per cent.). 

In a preparation made from some pure aniline hydrochloride 
which was slightly pink, the hydroferrocyanide had a slightly pink 
colour, but the crystalline structure was unaltered (Found : 
Fe = 12-75 per cent.). 

o-T'oluidine Hydroferrocyanide—Light green needles gradually 
appeared and a few beautifully formed, dark green, rhombic crystals. 
These were separated mechanically. The dark green, rhombic 
crystals (Found: Fe = 11-94. Calc., Fe = 12-01 per cent.) are 
slightly soluble in water and are decomposed by acetyl chloride at 
the ordinary temperature. The salt is stable on keeping. 

The light green needles, (C,;H,Me-NH,).,H,Fe(CN),,H,O (Found : 
C= 53-45; Fe = 12-46. Calc., C = 53-57; Fe = 12-50 per cent.) 
are slightly soluble in water. They are more soluble and slightly 
less stable than the aniline salt. 

The salt prepared from a slightly pink hydrochloride was pink 
(Found: Fe = 12-52 per cent.). 

m-T'oluidine Hydroferrocyanide, (CgH,Me-NH,).,H,Fe(CN),,H,O. 
—Dark olive-green needles slightly soluble in water. The salt is 
stable on standing (Found: Fe = 12-43. Calc., Fe = 12-50 per 
cent.). 

p-Toluidine does not form a hydroferrocyanide in acid solution 
under the conditions specified above. 

Separation of Pure o-Toluidine from a Mixture containing the 
p-Compound.—The method of separation of o- and p-toluidines 
introduced by Friswell (J. Soc. Chem. Ind., 1908, 27, 258), in which 
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the p-compound is separated by freezing, is comparatively simple 
when fairly large proportions of the p-compound are present and 
where an o-compound of high purity is not required. 

The following method, based on the foregoing work, is easily 
carried out, and may be employed for separating pure o-toluidine 
from the commercial product. 

The mixture was dissolved in hydrochloric acid until slightly 
acid to Congo-red and water added until the solution was saturated 
at the ‘ordinary temperature. A saturated solution of sodium 
ferrocyanide was then added gradually with shaking, and white or 
slightly green needles of the hydroferrocyanide of the ortho-com. 
pound came down. The solution after precipitation was complete 
was still acid; the salt of the ortho-compound was then filtered 
off and washed with water and with a very little dilute hydro. 
chloric acid, in which it is fairly soluble. It was then dried and the 
base obtained from it by distillation or by decomposition with 
sodium hydroxide and extraction with ether. After drying the 
ethereal solution with potassium carbonate and removing the ether, 
the base distilled over completely at 198° and was water-white, 
although it turned reddish-brown on standing, even in a sealed 
tube. The product, moreover, gave no red coloration with ferric 
chloride. The yield was about 75 per cent. When the filtrate was 
concentrated to half its bulk, needles came down (m. p. 214°), 
which proved to be o-toluidine hydrochloride. 

p-Xylidine Hydroferrocyanide—Lemon-yellow, rhombohedral 
crystals, fairly soluble in hot water, the solution being decomposed 
on boiling; insoluble in absolute alcohol. Very little change was 
noticed in the colour of the compound after standing (Found: 
Fe = 11-25. Calc., Fe = 11-32 per cent.). 

A specimen of so-called ‘“ pure” ethylxylidine was procured 
which gave a yellowish-green hydroferrocyanide. It was found, 
however, that the base was so impure, as shown by the iron estim- 
ation, that no constitution could be assigned to the salt. This fact 
was confirmed by a distillation of the base. It would appear, 
then, that the purity of the base in some cases can be determined 
by an estimation of the iron in the hydroferrocyanide. 

a-Phenylethylamine Hydroferrocyanide——White, rhombohedral 
crystals, insoluble in water, slightly soluble in absolute alcohol. 
The salt is stable on keeping (Found: Fe = 11-40. Calc., Fe = 
11-32 per cent.). 

Benzylamine Hydroferrocyanide—Greenish-yellow, rhombohedral 
crystals, slightly soluble in hot water, insoluble in absolute alcohol. 
The salt turned blue on standing, hydrocyanic acid being evolved 
(Found: Fe = 11-98. Calc., Fe = 12-01 per cent.). 
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o-Anisidine Hydroferrocyanide—Beautiful green, rhombohedral 
crystals, which came down after three hours’ standing, after the 
addition of excess of saturated ferrocyanide solution. Slightly 
soluble in hot water, insoluble in hot absolute alcohol. The crystals 
are stable on standing, but turn white on heating (Found: Fe = 
11:24. Cale., Fe = 11-24 per cent.). 

By acidifying the mother-liquor, another crop of crystals of 
identical constitution and crystalline form came down. 

a-Naphthylamine Hydroferrocyanide, 

(C,)H,"NH,),,H,Fe(CN),,H,O. 

—White plates, more soluble in water than the @-naphthylamine 


| salt. The plates turned violet on standing (Found: Fe = 6-95; 


N=17°39. Calc., Fe = 6-94; N = 17-37 per cent.). 
8-Naphthylamine Hydroferrocyanide, 
(C,,H,"NH,),,H,Fe(CN),,H,O. 


_ —Owing to its insolubility in dilute hydrochloric acid, the hydro- 
| chloride of 8-naphthylamine was isolated, dissolved in cold water, 


and diluted to four to five times its bulk; the solution was neutral 


- to Congo-red. The hydroferrocyanide came down at once when a 


very dilute solution of ferrocyanide was added. White needles, 
insoluble in water or alcohol (Found : Fe = 6-96. Calc., Fe = 6-94 
per cent.). The salt turned pink on standing. Heavy green 
fumes were evolved on igniting the salt, and yellow needles 
sublimed (m. p. 284°). ®-Naphthylamine hydrocyanide melts at 
109—110°. 

Phenylenediamine Hydroferrocyanides, [CgH4(NH,)o]o,H,Fe(CN),. 
—The p-salt forms white plates, soluble in hot water with yellowish- 
green coloration, decomposed on boiling; slightly soluble in boiling 
absolute alcohol. The salt turned greyish-white on standing 
(Found: Fe = 12-98; N = 32-41. Calc., Fe = 12-96; N = 33-40 
per cent.). The m-salt forms yellow, diamond plates, slightly 
soluble in hot water and in hot absolute alcohol. The salt turned 
greyish-pink on standing (Found : Fe = 13-03. Calc., Fe = 12-96 
per cent.). The o-salt forms white, prismatic needles, precipitated 
only with large excess of saturated ferrocyanide solution, soluble 
in hot water and slightly soluble in hot absolute alcohol. The salt 
turned brown on standing (Found: Fe = 12-94. Calc., Fe = 12-96 
per cent.). 

In each case a second crop of the same constitution and crystalline 
form was obtained by adding a little hydrochloric acid to the 
mother-liquor. 

2: 4-Tolylenediamine Hydroferrocyanide.—Y ellowish-white, rhom- 
bic needles, soluble in hot water, from which it crystallises in faintly 
green prisms, the solution being decomposed on boiling; insoluble 
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in hot absolute alcohol (Found: Fe = 11-32. Calc., Fe = 11-29 
per cent.). The salt turns grey on standing. 

Dimethyl-p-phenylenediamine Hydroferrocyanide—White, hexa. 
gonal plates, soluble in hot water, the solution decomposing on 
boiling. Slightly soluble in hot absolute alcohol, giving a pink 
coloration, not decomposed on boiling, and colour discharged by 
acid (Found: Fe = 10-67. Calc., Fe = 10-68 per cent.). The 
salt turned slightly blue on keeping. 

This salt was not precipitated under the same conditions as 
before, even on standing for two days. A solution of the hydro. 
chloride in 90 per cent. alcohol was added to an alcoholic solution 
of hydroferrocyanic acid, when the plates came down after a 
while. 

Benzidine Hydroferrocyanide——White, rhombic crystals, which 
owing to their insolubility were not well-defined; insoluble in 
absolute alcohol; slightly decomposed by boiling acetyl chloride 
(Found: Fe = 9-08. Calc., Fe = 9-03 per cent.). The salt turned 
slightly darker on standing. 

0-Tolidine Hydroferrocyanide——White, rhombic crystals, which 
owing to their insolubility were not well-defined; more soluble in 
water than the benzidine compound; insoluble in absolute alcohol; 
decomposed by acetyl chloride (Found: Fe = 8-27. Calc., Fe= 
8-28 per cent.). The salt turned bluish-grey on standing. 

o-Dianisidine Hydroferrocyanide, C,,H,,0,N,,H,Fe(CN),,2H,0.— 
Faintly blue needles, which came down after a time; much more 
soluble in water than the benzidine or tolidine salt, the solution 
being decomposed on continued boiling; slightly soluble in absolute 
alcohol; slightly decomposed by acetyl chloride. The salt does 
not change colour on standing (Found: Fe = 11-24; N = 22-72. 
Calc., Fe = 11:29; N = 22-58 per cent.). 

Monomethylaniline Hydroferrocyanide, 

(NHPhMe),,H,Fe(CN),,7H,O. 

—The salt of this base seems to form several hydrates. When 
saturated ferrocyanide solution is added to a solution of the base 
in concentrated hydrochloric acid, the normal type of salt is pre- 
cipitated. With more dilute ferrocyanide, other hydrates are 
formed. Dihydrate (Found: Fe = 11-82. Calc., Fe = 12-01 per 
cent.). Trihydrate (Found: Fe = 11-49. Cale., Fe = 11-57 per 
cent.). Tetrahydrate (Found: Fe = 11-21. Cale., Fe = 11-15 
per cent.). All the hydrates form white, rectangular prisms soluble 
in hot water, the solution being decomposed on continued boiling; 
almost insoluble in absolute alcohol. The salts turn bright yellow 
on heating and are unstable, changing to dark green in about a 
week’s time. 
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Dimethylaniline Hydroferrocyanide—White prisms soluble in 
hot water, from which it crystallises in rhombohedral crystals 
with a blue tinge; almost insoluble in hot absolute alcohol. The 
salt is stable on standing (Found: Fe = 11:37. Cale., Fe = 11-33 

r cent.). 

The salt prepared by Fischer by recrystallising and drying in 
a vacuum over sulphuric acid was anhydrous. Its constitution 
agrees with that recorded by Eisenberg (loc. cit.). 

p-Nitrosodimethylaniline Hydroferrocyanide, 

[C,H,(NO)-NMe,],,H,Fe(CN),,H,0. 

—Beautiful violet, rhombohedral crystals, soluble in cold water to 
give a yellow solution which darkens on heating and becomes 
bright green on boiling, the usual decomposition not taking place 
even on continued boiling; slightly soluble in hot absolute alcohol 
with a yellow coloration, the solution not being decomposed on 
boiling. On heating, the salt gives off very heavy, orange-red 
vapours. The salt is stable on standing (Found: Fe = 10-44. 
Cale., Fe = 10-48 per cent.). The constitution agrees with that 
assigned by Wurster and Roser (loc. cit.). 

p-Bromodimethylaniline Hydroferrocyanide——The base was pre- 
pared according to Weber (Ber., 1875, 8, 715). White, glistening 
plates with slight green lustre, fairly soluble in hot water, from 
which it crystallises in greenish-blue plates, the solution being 
decomposed on continued boiling; insoluble in absolute alcohol. 
The salt is stable on standing (Found : Fe = 8-55. Calc., Fe = 8-58 
per cent.). The constitution agrees with that assigned by Wurster 
and Roser (loc. cit.). 

Trimethylamine Hydroferrocyanide—A 10 per cent. solution of 
the base was treated with concentrated hydrochloric acid until 
acid and, after cooling, with saturated ferrocyanide solution. No 
precipitate appeared, but after standing for several days in a 
vacuum desiccator over concentrated sulphuric acid, crystals 
separated. Beautiful light green, cubic octohedra, slightly soluble 
in hot water, the solution being decomposed on boiling with the 
precipitation of a green compound and evolution of hydrocyanic 
acid and the base; insoluble in absolute alcohol. The salt turns 
yellow on heating and is stable on standing (Found: Fe = 15:18. 
Cale., Fe = 15-13 per cent.). 

The corresponding salt of triethylamine prepared by Fischer 
(loc. cit.) was anhydrous, colourless, and unstable. 

Pyridine Hydroferrocyanide—Brilliant, lemon-yellow, rhombo- 
hedral crystals, soluble in hot water, giving a green coloration ; 
decomposed on boiling. Almost insoluble in absolute alcohol, the 
solution not being decomposed on boiling. The salt is stable on 
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standing, but is slightly hygroscopic (Found: Fe = 13-77. Cale, 
Fe = 13-65 per cent.). The constitution agrees with that assigned 
by Mohler (loc. cit.). 

Quinoline Hydroferrocyanide, (CyH,N).,H,Fe(CN) ¢,3H,0.—Orange 
yellow, rhombohedral crystals, almost insoluble in water; slightly 
soluble in hot absolute alcohol. The salt is stable on standing, 
but is slightly hygroscopic (Found: Fe = 11-57; N = 23-08, 
Cale., Fe = 11-59; N = 23-18 per cent.). 

Separation of Pyridine and Quinoline—The mixture of bases was 
treated with concentrated hydrochloric acid until acid, cooled, and 
dilute ferrocyanide solution added, when the quinoline salt came 
down at once as an orange-yellow precipitate, which was quickly 
filtered off and washed with water and with alcohol. The pyridine 
salt remained in the mother-liquor and came down soon after 
saturated ferrocyanide solution had been added, hydrochloric acid 
having been added if necessary. The bases were then liberated 
as before. 

isoQuinoline Hydroferrocyanide, (CyH,N).,H,Fe(CN),.—Lemon. 
yellow, rhombohedral crystals, slightly more soluble in water than 
the quinoline salt, the solution being decomposed on boiling; in- 
soluble in boiling absolute alcohol. The salt is stable on standing 
and is not hygroscopic (Found: Fe = 11-85; N = 23-66. Cale, 
Fe = 11-81; N = 23-62 per cent.). 

It is hoped to extend such applications of this work and to 
include a new method for estimating ferrocyanides. 


The author desires to thank Professor F. J. Wilson and Mr. I. V. 
Hopper for the interest they have taken in this work. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
Tae Roya TECHNICAL COLLEGE, 
GLasGow. [Received, June 1st, 1922.] 


CLIII.—Note on the Effect of a Magnetic Field on 
Catalysis by Ions in the Presence of a Paramagnelit 
Salt. 


By Wititiam Epwarp GARNER and Dovetas NoRMAN JACKMAN. 


THIS investigation was undertaken as the result of a suggestion 
made by Professor W. C. McC. Lewis with regard to our paper 
(T., 1921, 119, 1936) that paramagnetic ions in a strong magnetic 
field might give rise to intense local fields which would exert some 
influence on the rate of catalysis of dextrose and sucrose solutions. 
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De Hemptinne (Z. physikal. Chem., 1900, 34, 669) found that a 
feld of 8000 units had no effect on the hydrolysis of methyl acetate 
and the inversion of sucrose. 

In the following experiments, the chemical reactions investigated 
yere the mutarotation of dextrose and the hydrolysis of sucrose 
by hydrochloric acid. The paramagnetic salt used was manganous 
chloride. 

EXPERIMENTAL. 


Wedge-shaped pole pieces of soft iron were used, giving a field 
of strength 7000—8000 units. The reaction liquids were enclosed 
ina glass tube 0-8 cm. in diameter and 9-8 cm. long, with end plates 
cemented on with red wax. Owing to the heating of the magnet, 
the tube was cooled by running water from a row of jets. For 
the blank experiment, a metal-jacketed polarimeter tube containing 
the same liquid was employed. Readings were taken every ten 
minutes. Each experiment was divided into three periods of forty 
ninutes, and the magnetic field was switched on only in the middle 
riod. The possible temperature variations could thus be con- 
trolled. Only the final experiments need be given. 

(1) Solution: 6 grams of MnCl,,4H,O and 3 grams of glucose 
in 25 c.c. of water. Current, 9 amperes. Temperature, 11°. 


Velocity constant. 


Test. Blank. 
First period 40 minutes No field 0:00396 0:00414 
Second ,, 40 - Current on 0:00392 0:00414 
Last ~ = pe No field 0-00412 0:00427 


(2) Solution: 6 grams of MnCl,,4H,O and 3 grams of sucrose 
in 21 c.c. of water and 4-5 c.c. of concentrated hydrochloric acid. 


Velocity constant. 


Test. Blank. 
First period 40 minutes No field 0°00435 0-00428 
Second ,, 40 as Current on 0:00447 0°00442 
Third ~~ 2 * No field 0:00449 0°00436 


The amount of catalysis, if any, is too small to be measured by 
these methods. 


Puystcan CHrEMIcaAL LABORATORIES, 
University CoLLteGre, LONDON. (Received, June 2nd, 1922. 
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CLIV.—The Action of Sulphur on Cuprous Chloride, 


By Freperic Witt1AM PinKaRD and WiLiiamM WARDLay, 


In experiments on the oxidation of cuprous chloride by sulphy 
dioxide in the presence of dilute hydrochloric acid (this vol., p. 210) 
the present authors obtained a precipitate of cuprous sulphide 
which they considered was formed by the interaction of cuproy 
chloride and the sulphur initially produced. 

Vortman and Padberg (Ber., 1899, 22, 2642) state that whe 
cuprous chloride is boiled with sulphur, cupric chloride is formej 
and cupric sulphide precipitated, the reaction being representej 
by the equation : 

Cu,Cl, + S = CuS + CuCl. 

In our previous experiments the amount of sulphide produced 
in this way was so small that it was not possible to analyse it, 
Vortman and Padberg (loc. cii.) met with the same difficulty, 
and the present experiments were made with a view to determing} 
the composition of the sulphide obtained and thereby test our 
hypothesis as to the mode of formation of the cuprous sulphide 
obtained in our oxidation experiments with cuprous chloride and 
sulphur dioxide (loc. cit.). 


EXPERIMENTAL. 


Cuprous chloride and finely powdered sulphur in the presence 
of dilute hydrochloric acid (180 c.c. of 33 per cent. acid and 320 ce. 
of water) were heated under reflux for several days while carbon 
dioxide was continuously bubbled through the liquid, the ten- 
perature being kept constant by means of an oil-bath maintained 
at 120°. The cuprous chloride was prepared by the method 
described (loc. cit.), and the sulphur was purified by recrystallisation 
from chloroform. The black precipitate obtained was filtered by 
the aid of the pump in a current of carbon dioxide, the funnd 
being jacketed with water at 90—95°. It was washed thoroughly 
with a hot concentrated solution of sodium chloride to remove 
all traces of cuprous chloride, and then with hot water to remove 
sodium chloride. The funnel-jacket was cooled and the precipitate 
washed with ether three times, the temperature of the jacket being 
then raised to 90—95° in order to dry the precipitate. The filtrate 
contained cupric chloride. 

In the earlier experiments, attempts to remove the free sulphu 
from the precipitate by extraction with chloroform or carbo 
disulphide in a Soxhlet apparatus were unsuccessful. After fourteen 
days’ continuous extraction an examination of the precipitate 
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showed that free sulphur was still present. This appears to be 
due to the fact that the sulphide forms a coating on the sulphur 
and protects it from the action of the solvent used. This sup- 
position, which also accounts for the small yield of sulphide 
obtained, seems to be verified by the following simple experiment. 
Sulphur was moistened and rolled into balls and allowed to react 


ide} with cuprous chloride in the usual way. After filtration and 


} drying, several of the balls remained unbroken. The precipitate 
‘was placed in a small flask and gently warmed with concentrated 
hydrochloric acid in a current of carbon dioxide. The black 
precipitate slowly dissolved and the unbroken balls remained as 
balls of sulphur of approximately the original size and shape. 

The inability to obtain the sulphide uncontaminated with sulphur 
led to efforts to obtain qualitative evidence of its nature. The 
dried precipitate was warmed with concentrated hydrochloric acid 
in a flask through which carbon dioxide was passing. The fiask 
vp) was fitted, in addition to the carbon dioxide entrance and exit 

) tubes, with a short entrance tube terminating above, and an exit 
tube dipping below, the surface of the liquid. This entrance tube 
was connected, through a tap, with the carbon dioxide supply. 
By diverting the carbon dioxide through this branch and closing 
the usual exit passage, the liquid in the flask could be expelled 
through the special exit tube and collected in any desired vessel 
without coming into contact with air. It was found in this way that 
when a small amount of the solution was passed into water, a 
white precipitate, which had the reactions of cuprous chloride, was 
obtained. Moreover, when about 20 c.c. of the solution were 
-Fthus transferred to a flask containing 10 c.c. of standard ferric 
alum solution, 10 c.c. of concentrated hydrochloric acid, and excess 
of potassium thiocyanate solution, and the whole was titrated with 
titanous chloride solution, the titration showed that no cupric 
salt was present. 

The presence of sulphide in the precipitate was shown by the 
evolution of hydrogen sulphide on treatment with concentrated 
hydrochloric acid. 

Finally, an indirect analysis of the black precipitate was made 
in the following way. The dried precipitate was dissolved in 
concentrated hydrochloric acid contained in a flask through which 
a slow current of carbon dioxide was passing. The evolved gases 
were passed through three flasks containing concentrated hydro- 
chloric acid saturated with sulphur dioxide. Sulphur was deposited 
by the interaction of the sulphur dioxide and hydrogen sulphide 
in accordance with the equation SO, + 2H,S = 3S + 2H,O 
(Debus, T., 1888, 53, 278). 
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When all the black precipitate had dissolved, the absorption 
flasks were warmed to coagulate the sulphur, which was filtered 
off and weighed in a Gooch crucible. Two-thirds of this sulphw 
came from the original sulphide as hydrogen sulphide. 

The solution obtained by the action of the hydrochloric acid oy 
the black precipitate was diluted and filtered to remove the free 
sulphur, the latter being washed free from copper by hydrochloric 
acid. The filtrate was oxidised with sodium peroxide to convert 
any cuprous to cupric salt, and the copper present was estimated 
gravimetrically as cupric oxide. The weight of copper thus found 
must have been combined with the sulphur evolved as hydrogen 
sulphide. From this the ratio of the number of atoms of copper 
to the number of atoms of sulphur present in the original compound 
was calculated and found to be 21:1. This shows the sulphide 
in question to be cuprous sulphide. 


Summary. 


1. The indirect analysis made, in conjunction with the quali- 
tative evidence obtained, justifies the conclusion that when sulphur 
acts on cuprous chloride in the presence of dilute hydrochloric 
acid (180 c.c. of 33 per cent. acid and 320 c.c. of water) cuprous 
sulphide is formed, the following equation being suggested : 

2Cu,Cl, + S = Cu,8 + 2CuCl,. 

2. The cuprous sulphide thus produced forms a coating on the 
unchanged sulphur, preventing further action. The yields are 
consequently very small and the unchanged sulphur very difficult 
to remove. 

3. The view put forward by the authors as to the mode of form- 
ation of the cuprous sulphide obtained in their experiments on the 
oxidation of cuprous chloride with sulphur dioxide (loc. cit.) is 
supported by the results now obtained. It may be noted that 
in the experiments referred to, the conversion of the sulphur to 
sulphide was in some cases complete. The increased yield of 
sulphide can be easily understood when it is recalled that the 
sulphur in those experiments was originally produced in a very 
finely divided form and consequently the possibility of any con- 
siderable amount of the sulphur being protected by a coating of 
the sulphide was extremely small. 


The authors desire to express their thanks to the Chemical Society 
for a grant in connexion with this research. 


CHEMICAL DEPARTMENT, 
THE UNIVERSITY, BIRMINGHAM. [Received, April 29th, 1922.] 
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CLV.—V'he Intermolecular Condensation of Methyl 
Ethyl Ketone in the Presence of Calcium Carbide. 


By Oscar Becker and JocELYN FIELD THORPE. 


{uz experiments described in the communication were under- 
taken with the object of ascertaining which of the three theoretically 
possible compounds (I), (V), or (IX) is formed by the condensation 
of two molecules of methyl ethyl ketone by means of calcium 
carbide in accordance with the method devised by Bodroux and 
Taboury (Bulletin, 1905, [iv], 3, 831). The question has been left 
to some extent an open one, and it was necessary, from our point 
of view, to ascertain the correct answer because dihydroresorcinol 
derivatives of the type which is formed by the condensation of 
substituted mesityl oxides with ethyl malonate are now being 
used extensively in the investigation of spiro-compounds which 
we have in hand. 
The condensation proceeds in accordance with the equation : 


2C,H,O = C,H,,0 + H,O 
and therefore the possibilities are threefold : 

(1) The condensation may proceed to form (I), which on treat- 
nent with ethyl sodiomalonate will give (II), and this on hydrolysis 
will pass into (III), the structure of which will be revealed by its 
oxidation to @-methyl-8-ethylglutaric acid (IV) : 

CH, CH, HO,C-CH, 
CH Z\ AN 
VAN CO CMeEt co CMeEt MeEt 
CO CMcEt MeCH CH-CO,Et MeCH CH, H, 


MeOH, \/ \/ / 
GO GO HO,C 


(L) (IL.) IIL.) (IV.) 


(2) The condensation product may have formula (V), which 
would give the dihydroresorcinol derivative (VI), yielding on hydro- 
lysis (VII), which on oxidation would give a$-dimethyl-8-ethyl- 
glutaric acid (VIII) : 

CHMe CHMe HO,C:CHMe 
CMe F i re 
ra CO CMeEt co CMeEt 
CO CMeEt CH, CH-CO,Et CH, CH, 
CH, bd 
CO CO 


(V.) ; (VIL.) (VIIL.) 
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(3) The two molecules may condense to form (IX) which, hoy. 
ever, as it is not an «$-unsaturated compound, would not condense 
with ethyl sodiomalonate unless the double bond were transferred 
to the «$-position during the process of condensation. If this 
were to happen, the product would have the formula (X), the 
hydrolysis product (XI), and the glutaric acid formed on oxidation 
(XIT) : 


CH, CH,  HO,C-CH, 
CH AN “% 
nN GO UH-CHMcEt CO CH-CHMcEt 
O CH-CHMeEt OH, CH-CO,Et ¢H, CH, 
MH \ 
: vA pA HO,C 


(IX.) (X.) (XI) (XII) 


The experiments show that, apart from some _higher-boiling 
product, the sole substance produced in the condensation has the 
structure (I). When condensed with ethyl sodiomalonate, it yields 
the compound (II), and the dihydroresorcinol derivative (lil), 
produced from this, gives 8-methyl-8-ethylglutaric acid on oxidation. 

It is worthy of note that, unlike any other derivative of dihydro- 
resorcinol hitherto investigated, the substance (III) is unstable, 


and rapidly passes from the crystalline form to a resin on keeping. 


EXPERIMENTAL. 

A’-Hepten-y-one (1)—Methyl ethyl ketone (500 grams) was 
treated in the manner described by Bodroux and Taboury (loc. 
cit.), the carbide used being very finely crushed. The operation 
was continued for eight hours and the product was then frac- 
tionated at ordinary pressure. After refractionating, 62-5 grams 
of distillate were obtained which boiled at 164—166°. This frae- 
tion was found to give the semicarbazone, crystallising from alcohol 
and melting at 119—120°, described by the above investigators. 

Condensation with Ethyl Sodiomalonate. Formation of Ethyl 
1 : 4-Dimethyl-1-cyclohexane-3 : 5-dione-2-carboxylate (I1).—A mix- 
ture composed of 7-5 grams of sodium dissolved in 150 c.c. of alcohol, 
48 grams of ethyl malonate, and 42-5 grams of A®-hepten-y-one 
was heated on the steam-bath for two hours with frequent shaking. 
The product was cooled and poured into 1 litre of water, and un- 
changed material extracted by ether. The aqueous layer was then 
acidified by means of hydrochloric acid, when an oil was pre- 
cipitated which would not solidify. It was therefore extracted 
by ether and obtained as a clear, viscid liquid which gave, in 
alcoholic solution, a deep red colour with ferric chloride. As the 
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ester could not be distilled without undergoing decomposition, the 
"Bspecimen analysed was taken from the crude liquid after it had 
stood in an evacuated desiccator for several days (Found : C = 65-31 ; 
H = 8-54. Cy, 3H..0, requires C = 65-0; H = 8-3 per cent.). The 
ester is readily and completely soluble in dilute aqueous sodium 
hydroxide solution. The yield was 62 grams. 

1: 4-Dimethyl-1-ethyleyclohexane-3 : 5-dione (III).—The crude 
ester (28-5 grams), mixed with a solution containing 100 grams 
of erystalline barium hydroxide in 700 grams of water, was heated 
to the boiling point for twenty hours, and then, while hot, was 
acidified and filtered. The filtrate was made strongly acid by 
means of hydrochloric acid and heated to the boiling point for 
fifteen minutes, during which operation an insoluble oil floated on 
the surface of the liquid. On cooling, the oil solidified and the 
aqueous solution deposited well-defined crystals of the dione. The 
solidified oil was also found to be the dione, the total yield being 
95 grams. It is very soluble in benzene and alcohol, but crystal- 
lises from water or from light petroleum (b. p. 80—100°) as glistening 
sales which melt at 113-—-114°. The aqueous or alcoholic solution 
gives a deep blue-green colour with ferric chloride (Found : C = 71-27; 
H= 9-49. OC, 9H,,0, requires C = 71-4; H = 9-6 per cent.). The 
dione was found to be unstable both in the open and in a desiccator, 
but it can be kept in a vacuum desiccator or in a sealed tube. 
Decomposition was slow and a viscous oil with an unpleasant 
smell was formed. An attempt was made to determine the nature 
of the change by separating the oil from the solid and distilling 
it under diminished pressure. A fraction boiling at 168—175°/17 
mum. was obtained which gave, in alcoholic solution, a deep red 
colour with ferric chloride. The investigation of this compound is 
in progress. 

The Constitution of the Dione (III). Formation of 8-Methyl-8- 
dhylglutaric Acid (1V).—The dione (5 grams), dissolved in 25 c.c. 
of 10 per cent. aqueous sodium hydroxide solution, was cooled 
to 0° and an ice-cold neutral solution of 15-5 grams of bromine in 
350 c.c. of water added, the neutralisation of the solution having 
been previously effected by means of 10 per cent. aqueous sodium 
hydroxide. The mixture was left at 0° for thirty minutes, when 
atest portion was found to remain clear after acidification by 
means of hydrochloric acid. After extraction with ether, 2-8 grams 
of an oil were obtained which solidified on keeping. It was recrys- 
tallised from a mixture of benzene and light petroleum (b. p. 80— 
100°), when it formed plates melting at 82—83° (Found : C = 54-91; 
H= 8-10. Cale., C = 55-1; H = 8-1 per cent. Found: for the 
silver salt, Ag = 55-71. Cale., Ag = 55-65 per cent.). 

VOL, CXXI. ZZ 
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The acid was proved to be identical with 8-methyl-8-ethylglutarig 
acid by direct comparison with a specimen of the acid which hag 
been prepared through the Guareschi compound. 


THE ImperRIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
S. KENSINGTON. (Received, June 14th, 1922.) 


CLVI.—The Conditions Underlying the Formation 9 
Unsaturated and Cyclic Compounds from Halogen. 
ated Open-chain Derivatives. Part IV. Products 
Formed from Halogen Derivatives of Muconic Acid, 
The Constitution of Muconic Acid. 


By Juan Pepicr CHARLES CHANDRASENA and 
CHRISTOPHER KELK INGOLD. 


THE purpose of this series of papers is to examine by the com. 
parative method described in Part I (T., 1921, 119, 305) the effect 
of the following circumstances on the ease and manner of formation 
of the simple carbocyclic rings: (a) the number of carbon atom 
composing the ring, (b) the presence of substituent groups such as 
the methyl group, (c) unsaturation. These three natural divisions 
of the subject are being pursued concurrently, and in connexia 
with the first, which consists in examining the production of ring 
compounds by the establishment of a bond between the «a-carbon 
atoms of each of the straight-chain acids, CO,H-(CH,),°CO,H, 
the study of the reactions of adipic acid has recently been con. 
pleted (T., 1921, 119, 951). There are two symmetrically con. 
stituted unsaturated acids which appear suitable for investigation 
in comparison with adipic acid with the object of obtaining a 
insight into the general character of the effect of unsaturation a 
the closure of four-carbon rings. These are muconic acid (I) and 
A’-dihydromuconic acid (II). Both have hitherto been difficult 
to obtain, but it so happens that in connexion with the investig- 
ation of adipic acid (loc. cit.) a convenient method was elaborated 
for the preparation of large amounts of muconic acid, which, # 
Rupe proved (Annalen, 1890, 256, 26), passes on reduction with 
sodium amalgam into A‘-dihydromuconic acid, the addition o 
the hydrogen atoms taking place in the «- and 8-positions : 
CO,H-CH:CH-CH:CH-CO,H —> CO,H-CH,°CH°CH-CH,°CO,H 
(1.) (I1.) 
Both acids may therefore be obtained in any desired quantity. 
At the outset of this series of experiments it was supposed that 
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abromo- and «5-dibromo-A*-dihydromuconic acids (III and IV), 
the behaviour of which towards alkalis was to be investigated 
by the method employed in connexion with the cases previously 
examined, could be prepared directly from muconic acid by | : 4- 
addition of hydrogen bromide or bromine. Rupe’s experiment on 
the reduction of muconic acid and Thiele’s on the addition of bromine 
to butadiene, 
CH,:CH-CH:CH, —>» CH,Br-CH:CH-CH,Br, 

not to mention many other well-known instances of | : 4-addition 
Eto symmetrical conjugated systems, suggest that when muconic 

acid is treated with a limited quantity of hydrogen bromide or 
bromine the two atoms of the first molecule added to the unsaturated 
chain should attach themselves to the «- and 6-positions : 

(IIL.) 


(I) _885, CO,H-CHBr-CH:CH-CH,-CO,H 


00,H*CH-CH-CH-CH-CO,H — 
Br, eaten eameaalie as 
(IV. 
Indeed it has frequently been stated, presumably on the ground 
of the analogies mentioned above, that muconic acid actually 
does add bromine in this manner. 

Muconic acid itself is only very slightly soluble in the usual 
solvents, and, consequently, the action of bromine on it is difficult 
to regulate; the minute quantity of muconic acid present in 
solution at any moment is in contact, under almost any experi- 
mental conditions, with a very large excess of bromine, which 
converts it into tetrabromoadipic acid. If, however, in place of 
muconic acid, ethyl muconate is treated with two atoms of bromine, 
the product is a crystalline dibromide to which Ruhemann and 
Dufton (T., 1891, 59, 752) assigned the formula V. No reasons 
were given for assigning that formula in preference to formula VI, 
but at that time it probably seemed unnecessary to adduce any 
(V.) CO,Et-CHBr-CHBr-CH:CH-CO,Et 

CO,Et-CHBr-CH:CH-CHBr-CO,Et (V1) 
‘§ definite evidence for the view that addition had taken place in 
the 1: 2-position, because the known instances of 1 : 4-addition 
were very few and it could scarcely have been suspected on the 
basis of the evidence then available that this type of addition 
to systems of conjugated double bonds is a phenomenon having 
a large degree of generality. Since that time, however, instances 
of 1: 4-addition have rapidly multiplied, and although there are 
quite a number of very well-known examples of reactions in which 


hydrogen, one of the halogens, or nitrogen tetroxide is added at 
ZZ2 
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the 1: 2(or 3: 4)-positions to unsymmetrical conjugated systems, 
we can call to mind at the moment only one well-established cage 
of the unsymmetrical union of any of these addenda with a syn. 
metrical conjugated chain: Straus showed that «é-dipheny). 
butadiene (VII), although it takes up hydrogen in the 1- and 
4-positions exactly as muconic acid does (Annalen, 1905, 342, 256), 
yet nevertheless forms a 1 : 2-dibromide (Ber., 1909, 42, 2866) : 


(VIII.) 
(VIL) 28 > CyH,CH,-CH:CH-CH,’C,H 
C,H, CH:CH-CH:CH-C,H, °° ay: 
2nr ~ CgH;*CHBr-CHBr-CH°CH-C,H, 
(IX.) 
However, it seems clear that in the great majority of in. 
stances bromine as well as hydrogen attaches itself to the residue 
-CH:CH’°CH:CH- in accordance with the Thiele rule (Thiele, 
Annalen, 1898, 306, 89, 94, 147; 1899, 308, 333; 1900, 314, 298: 
1901, 319, 129; Perkin, T., 1905, 87, 641; Willstatter, Annalen, 
1901, 317, 256, etc.); but in view of the fact that at least one 
definite exception has been recorded it seemed desirable to in- 
vestigate the constitution of the dibromide of ethyl muconate. 
The substance was therefore submitted to regulated oxidation 
by means of cold alkaline permanganate. 

An examination of the oxidation products obtained under 
various conditions quickly rendered it clear that the original 
dibromide had formula V and not formula VI. On treatment 
in the cold with alkaline permanganate, it took up one atom of 
oxygen and yielded a hydroxy-ester (X), which, when hydrolysed 
by means of mineral acids, gave a bromo-lactonic acid. The formula 
(XII) assigned to this compound is completely borne out by all 
its properties, and by its relationship with the other oxidation 
products (see tabular summary, below) obtained from the original 
dibromide. Thus the bromine is very firmly held; it is only very 
slowly removed in the form of silver bromide when the bromo- 
lactonic acid is boiled with concentrated nitric acid containing 
dissolved silver nitrate. The bromine atom, therefore, is in all 
probability attached to a doubly bound carbon atom, and the 
lactone (which is unsaturated) must be related to the saturated 
hydroxy-ester (X) in the manner indicated by the formule. The 
position of the bromine atom is confirmed by the observation that 
the same lactonic acid can be isolated in small amount from the 
mixture of acids (consisting chiefly of oxalic acid) obtained by 
the action of cold permanganate on «a-bromomuconic acid (XI), 
which acid is produced by hydrolysing the original dibromide 
in the manner described below. On further oxidation by perman- 
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ganate, the lactonic acid is converted almost quantitatively into 
three molecules of oxalic acid, but the hydroxy-ester gives an acid 
syrup, Which must consist of ethyl hydrogen dibromosuccinate 
and ethyl hydrogen oxalate, since on hydrolysis bromomaleic and 
oxalic acids are obtained : 
Hydrolysis —> 

| (-CO,Et-CHBr-CHBr-CH:CH-CO,Et —> CO,H-CBr:CH-CH:CH-CO,H— 

(V.) -) 


(XI 


: 1 | 
3 Y | 
3 CO,Et-CHBr-CHBr-CH-CH-CO,Et —> CO-CBr:CH-CH-CH-CO,H 
r OH OH ” 

: (X.) (XII) 

Vly \ | y yY ¥ 


eS CO,H-CBr:CH-CO,H CO,H-CO,H 
—— A 


In muconic ester, therefore, as in «5-diphenylbutadiene, we have 
an example of a substance which abides by the Thiele rule so far 
as it concerns the production of a dihydro-compound, but departs 
from it in forming a dibromide; clear proof that the Thiele rule, 
even if considered purely as an empirical generalisation, requires 
sme definitely restrictive modification. 

One restrictive circumstance has been placed in a very clear 
light by Hinrichsen (Chem. Ztg., 1901, 316, 43), who has pointed 
out that all addenda in which the two constituents have oppositely 
polar character, for example, H—Br, H—CN, Na—CH(CO,Et),, 
invariably attach themselves to the 1 : 2-positions of a conjugated 
chain; no single instance of 1 : 4-addition has been proved.* It 
is true that in all the cases on which Hinrichsen based his generalis- 
ation the molecule containing the conjugated chain was unsym- 
metrical, a circumstance which might be supposed to favour an 
unsymmetrical mode of addition. However, if one may judge 
from certain experiments on ethyl muconate which have recently 
been carried out by Mr. E. H. Farmer, the same rule holds even in 
additions to symmetrical molecules.f The course pursued by the 
addition of ethyl sodiocyanoacetate and ethyl sodiomalonate to 


* In certain instances, it is possible, by assuming a complex mechanism, 
to interpret these addition reactions as 1: 4-additions. Im many cases, 
however, this is not possible, and it seems superfluous, therefore, to intro- 
duce complicating assumptions for the sake of subdividing phenomena which 
on the simplest ground stand collated. 

t Since this paper was written Mr. Farmer’s investigations on the condens- 
ation of ethyl muconate with ethyl sodiomalonate and ethyl sodiocyano- 
acetate have developed in a manner which suggests that it would be safer to 
exclude for the present the addition of such radicles as Na—CH(CO,Et), 
from Hinrichsen’s generalisation. 
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ethyl muconate clearly shows that in these cases at least Hin. 
richsen’s rule holds good. So far as can be seen from the evidence 
at present available, therefore, Hinrichsen’s rule is of perfectly 
general application and without exception. 

The character of the qualification to be applied to the Thiele 
hypothesis as it effects the reactions of symmetrical addenda, 
such as H, and Br,, with chains of conjugated double bonds is 
less drastic and more obscure than that which concerns unsym. 
metrical addenda, but still there seems to be some general rule 
operating, the nature of which can be surmised from the instances 
which have been studied. The addition of hydrogen to the 
systems C:C-C°C, C°C-C:0, and O:C-C°O0 may be assumed to occur 
in the 1:4-positions in all cases. Complications due to cross. 
conjugation may arise, as they do in the case of dibenzylidene. 
propionic acid, in which, owing to the tendency for hydrogen to 
become attached to oxygen, 1 : 4-addition to the system C°C-C:0 
takes place in preference to 1 : 4-addition to the system C:C-C.C, 
and, consequently, leads to the formation of a reduction product 
which, so far as the system C:C-C°C is concerned, is a 1 : 2-dihydro- 
compound : 


CHPh:CH-C:CHPh _| CHPh:CH-C-CH,Ph __ CHPh:CH-CH-CH,Ph 
OH-C:0 OH-C-OH CO.H 


Obviously such an instance cannot in any way invalidate the 
general conclusion. Similar simple and natural explanations may 
be applied to other apparent anomalies, and no modification of 
the Thiele rule is necessary in order to account for the mode of 
addition of hydrogen. Since bromine does not unite with the 
carbonyl group, the manner of its addition to the butadiene system 
C:C-C:C alone remains to be considered, and it is here that the 
most puzzling discrepancies are met with. It seems possible, 
however, to formulate tentatively the rule which, in the absence 
of cross-conjugation and other special circumstances, appears 
to govern these cases. Confining attention to the best proven 
cases, we find that 1 : 4-addition may be regarded as the normal * 
mode of addition to the system X-CH:CH-CH:CH-X’, provided X 
and X’ are both saturated. All exceptions hitherto recorded 
belong to the types in which either X or X’ (or both) is carbethoxy], 
or phenyl, or, in general, any double-bonded group -CR“R. 


* At least so far as concerns butadiene compounds having symmetrical 
structures, for example, butadiene, cycloheptadiene, ete. How far the same 
remains true for unsymmetrical butadienes, such as isoprene, CH,:CMe-CH:CH,, 
cannot be decided in the absence of further experimental evidence such as we 
hope to provide. 
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These compounds form 1:2-(or 3:4-)dibromides.* Ethyl 
muconate and «é-diphenylbutadiene are symmetrically constituted 
substances belonging to this category; ethyl cinnamylidene- 
malonate and ethyl a-cyanocinnamylideneacetate, which form 
3:4-dibromides, and ethyl cinnamylideneacetate, which gives a 
|:2-dibromide (Hinrichsen and others, Annalen, 1904, 336, 168, 
393), are unsymmetrical members of the class. Hexatriene 
obviously belongs to the same series; it is a vinylbutadiene and 
is known (van Romburgh and van Dorssen, Proc. K. Akad. 
Wetensch. Amsterdam, 1906, 9, 111) to add bromine in the 1: 2- 
positions of what may for the moment be regarded as its butadiene 
residue : 
x Butadiene residue 


(H,:;CH—CH:CH-CH:CH, —> CH,:CH-CHBr-CHBr-CH:CH,. 


The study of all these cases (and, in particular, the study of 
muconic acid so far as it has progressed in these laboratories) 
shows quite clearly, therefore, that the Thiele hypothesis is by 
no means so universal in its application as its author at first 
supposed; that 1:4-addition takes place only under special 
molecular conditions and is essentially dependent on the character 
of the addendum. The whole matter evidently requires further 
examination, but even at this stage it is clear that the experi- 
mental foundations of the Thiele theory are much too slight to 
carry either the superstructure of a comprehensive hypothesis 
relating to aliphatic unsaturated compounds, or the theories of 
aromatic chemistry which Thiele and Hollemann have based on 
them. 

An instance such as that of muconic acid, of one and the same 
substance forming two distinct types of addition product, provides 
stronger evidence than any that has been offered by Erlenmeyer, 
jun., in support of his view that free valencies, and not partial 
valencies, best account for the addition reactions of unsaturated 
compounds (Annalen, 1901, 316, 43). The addition reactions of 
muconic acid, if considered as evidence of structure, resemble those 
characteristics which one associates with tautomeric substances, and 


* This rule appears to break down in one case, namely, a-phenylcinnamyl- 
ideneacetic acid, which, according to Thiele (loc. cit.), gives a dibromide 
of the formula C,H,-CHBr-CH:CH-CBr(CO,H)-C,H;. The evidence on which 
Thiele bases this constitution is a little difficult to interpret, but the con- 
version of the bromide by alkalis into the lactone of cornicularic acid, 
CHPh:C-CH:CPh suggests the formula CHPhBr-CHBr-CH:CPh-CO,H so 

O CO 
strongly that the constitution of this dibromide must, we think, be con- 
sidered as a question on which new evidence would be welcome. 
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although the condition of dissolved muconic acid may conceivably 
be a by me scheme 


CO,H-CH:CH-CH:CH-CO,H — CO,H-CH:CH-CH:CH-CO,H (i 


it is in better accord with the principles by which compounk 
exhibiting similar characteristics are usually formulated, and with 
the analogy of glutaconic acid, which also gives rise to two 
types of addition product (Ingold and Thorpe, T., 1921, 119, 492) 
to express the condition as follows : 


| 
CO,H-CH:CH-CH:CH-CO,H = CO, rg - ¢ aa CH: ‘CO,H (ij 
(CO,H-CH,°CH:CH-CO,H == CO,H- OH: CH: CH: CO,H) 


Strong evidence of the truth of scheme (ii) rather than of scheme 
(i) is to be found in the fact that it is apparently quite impossible to 
prepare more than one modification of muconic acid, although stereo. 
chemical theory allows the existence of three geometrical isomerides, 
We have prepared muconic acid by each of the three ways in 
which this substance has hitherto been produced (see A, experimental 
portion). Each of these reactions has been carried out in the dark 
and in ultra-violet light, and the residues have been searched for a 
second isomeride without success. Ethyl muconate has been exposed 
to ultra-violet light in various solvents, and muconic acid has been 
treated with dehydrating agents in the hope of isolating a second 
form; all these experiments have proved abortive. Now, as 
Knorr first proved by his investigation of the cis- and trans-enolic 
forms of ethyl diacetylsuccinate (Annalen, 1896, 293, 86), it is a 
general principle that geometrical isomerides depending for their 
existence on a difference of configuration around the double bond 
of a mobile tautomeric system cannot remain stable in the fused 
or dissolved state; for in this state the geometrical forms will 
come into equilibrium with one another through the intervention 
of a structurally isomeric modification. The two substances in 
scheme (ii) are structural isomerides of such a character that either 
completely loses the identity of its particular geometrical con- 
figuration when temporary conversion into the other takes place. 
Hence that variety which has the most stable configuration 
(especially if this corresponds with the smallest solubility and 
fusibility) will be the only one capable of being isolated. The 
condition depicted in scheme (i) does not involve complete loss of 
configuration during interconversion, and therefore does not account 
so well for the absence of geometrical isomerism. 
It is of great interest in this connexion that although (in agree- 
ment with these views) very few butadiene compounds have been 
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isolated in more than one modification, Straus (Annalen, 1905, 342, 
214) has succeeded in obtaining all the three theoretically possible 
forms of diphenylbutadiene (cis-cis, cis-trans, and trans-trans). 
Nevertheless, they are interconvertible with a facility which is 
quite unusual amongst geometrical isomerides; the cis-cis- and 
cis-trans-forms can be preserved only in the dark, since in ordinary 
daylight they pass rapidly into the trans-trans-modification. 
Another instance is provided by ,cinnamylideneacetic acid, which 
should exist in four forms, and has been isolated in two; here 
again, however, the stability of the less stable isomeride is extremely 
slight (Liebermann, Ber., 1895, 28, 1446). In these cases, evidently, 
the “opening up” process of the left-to-right transformation 
in scheme (ii) does not go quite to completion (excepting, perhaps, 
in daylight), so that the formule of scheme (i) more exactly repre- 
sent the final condition of the butadiene system. The difference 
is merely one of degree and its dependence on the character of 
the terminal groups probably follows a simple rule, for it will be 
shown in a future paper that the characteristics of the glutaconic 
acids become singularly modified when the carboxyl groups are 
replaced by phenyl. 

One fact which most clearly emerges from the work described 
in the experimental part of this paper is the fundamental dis- 
tinction between the 1 : 3-unsaturation of glutaconic acid and the 
1: 4-unsaturation of muconic acid. In glutaconic acid the 1 : 3- 
valencies are evidently in a state of ‘limited mutual association. 
This corresponds, not only with an increased tendency to form cyclic 
structures (Farmer and Ingold, T., 1921, 119, 2001), but also with 
a partial loss of unsaturated character, shown, for instance, by a 
certain stability towards reducing agents and a diminished tendency 
to yield products of 1 : 3-addition (Ingold and Thorpe, T., 1921, 
119, 492). There is no corresponding condition in muconic acid, 
which is a very reactive and highly unsaturated substance; indeed 
its high melting point taken in conjunction with its low molecular 
weight suggests that an unusually large amount of free affinity is 
available for the crystal structure. The dibromide (V), on hydro- 
lysis with dilute alkalis, yields either «-bromomuconic acid (XIII) 
or the bromo-hydroxy-acid (XIV) according to the conditions, and 
neither of these compounds appears to possess the least tendency 
to pass into a cyclic substance. The process by which hydrogen 
bromide is eliminated in the presence of strong alkalis involves the 
interaction of two molecules of the original substance ; the principal 
products appear to have the constitutions expressed by formule 
XV and XVI, in which the configuration around each of the 


double bonds must be taken as trans in order to account for the 
Z2Z* 
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absence of any evidence that these substances tend to pass into 


lactones. 
(XIIL.) (XIV.) 


CO,H-CBr:CH-CH:CH:CO,H CO,H-CHBr-CH(OH)-CH:CH-CO,H 
(XV.) (XVI) 

CO,H-CBr-CH(OH)-CH:CH-CO,H CO,H-C-CH(OH)-CH-CH-CO,H 
CO,H-CH-CH(OH)-CH:CH-CO,H CO,H-C-CH(OH)-CH°CH-CO,H 

One of the most singular of the reactions observed during the 
course of the investigation of the dibromide of glutaconic acid (loc. 
cit.) was that by which, under the influence of alkali alone, spontan- 
eous reduction occurred with the formation of glutaconic acid, 
free hypobromite being produced in the solution. Such reactions 
are not of common occurrence, but in the majority of those cases 
in which they do take place the products are tautomeric substances 
which acquire mobility as a result of the change. Many examples 
could be quoted to illustrate this tendency to the production of a 
mobile system, but the case of glutaconic acid is a typical one, and 
it is significant, in connexion with the view to which this work has 
led of the mobile structure of muconic acid, that this substance also 
is produced by the reaction described : 


CO,Et-CHBr-CHBr-CH:CH-CO,Et xaony 
CO,H-CH:CH-CH:CH-CO,H + NaBr + NaOBr. 


EXPERIMENTAL. 
(A) Identity of the Muconic Acid Obtained by Different Methods. 


Muconie acid has been prepared from £(’-dibromoadipic acid 
(Rupe, loc. cit.) by the action of 20 per cent. alcoholic potassium 
hydroxide. The reaction has been carried out at 50° both in the 
dark and in ultra-violet light ; it has also been conducted at 100° in 
ordinary diffuse daylight. The main product obtained in all these 
ways was ordinary muconic acid (m. p. 305°); in each case the 
residues were searched for an isomeric acid without success. 

The condensation of malonic acid with the bisulphite compound 
of glyoxal was carried out as described by Behrend and Koolman 
(Annalen, 1912, 394, 228). The yield of muconic acid (m. p. 305°) 
was small (9 per cent. calculated on the glyoxal), but it appeared 
to be the only unsaturated acid present. The remainder of the 
material consisted largely of succinic acid, and it contained oxalic 
and glycollic acids and possibly glyoxylic acid also, although this 
could not be definitely identified. 

Muconic acid was also prepared by the action of concentrated 
methyl-alcoholic potassium hydroxide on ethyl meso-««’-dibromo- 
adipate, ethyl r-««’-dibromoadipate, ethyl meso-««’-di-iodoadipate, 
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and ethyl r-a«’-di-iodoadipate. In each case the products 
of reaction were exhaustively investigated in the way previously 
described (Ingold, T., 1921, 119, 958). More than 90 per cent. 
of the material was accounted for as pure isolated products; of 
this more than half consisted of muconic acid (m. p. 305°), but no 
trace of any open-chain isomeride could be detected. 

The muconic acid obtained by all these methods melted at 305° 
(decomp.), gave an ethyl ester, m. p. 64°, and a methyl ester, 
m. p. 159°. Solutions of the ethyl ester in ether and in pyridine 
underwent no change on exposure to ultra-violet light. 

Muconic acid is not attacked by acetyl chloride at 100° or by 
acetic anhydride at 200°. It was not found possible to prepare 
an anhydride of muconic acid either by heating the acid alone, or 
by the use of the customary reagents. 


(B) Constitution of Ethyl Muconate Dibromide (V). 


Muconic Acid—The main quantity of muconic acid required 
for the experiments described in this and. the following section was 
prepared by pouring the crude dibromination product of adipic 
acid into ethyl alcohol and allowing the esters thus obtained to 
flow into a large excess of boiling 6N-methyl-alcoholic potassium 
hydroxide (loc. cit.). 

Ethyl Muconate.—Muconic acid cannot readily be esterified by 
the usual methods owing to its insolubility ; after boiling for several 
hours with an ethyl-aleoholic solution of hydrogen chloride or 
sulphuric acid the major portion of the acid can be recovered 
uchanged. The following process gave fairly good results. 

Finely ground muconic acid (100 grams), dissolved in 1 litre of 
concentrated sulphuric acid, was boiled with 2-5 litres of absolute 
ethyl aleohol for two hours, and the mixture was cooled and poured 
with stirring into 10 litres of ice-water. The ester, which separated 
as a flocculent precipitate, was washed with water, dissolved in 
ether, and the ethereal solution washed with aqueous sodium 
carbonate and water, dried with calcium chloride, and evaporated. 
The ester obtained in this way weighed 102 grams and was 
sufficiently pure for bromination (below). 

A better yield was obtained as follows. A mixture of muconic 
acid (150 grams) and phosphorus pentachloride (500 grams) was 
warmed until hydrogen chloride ceased to be evolved, and then 
cautiously added to 1500 c.c. of absolute ethyl alcohol. After 
keeping for two hours, the alcoholic solution was poured into 8 
litres of water, and the precipitated ethyl muconate collected, 
washed, and dried in ether as before. The yield of nearly pure 


ester was 185 grams. 
zz* 2 


1316 CHANDRASENA AND INGOLD: CONDITIONS OF FORMATION oF 


Ethyl Muconate Dibromide——This was prepared from ethy| 
muconate by Ruhemann ‘and Blackman’s method (T., 1890, 57, 
370). 

Ethyl «$-Dibromo-y5-dihydroxyadipate (X).—A solution of ethyl 
muconate dibromide (10 grams) in 750 c.c. of 96 per cent. alcohol 
was treated with one atom of oxygen in the form of a 4 per cent, 
solution of potassium permanganate containing excess of magnesium 
sulphate. The oxides of manganese were dissolved by adding 
sulphurous acid, and the solution allowed to evaporate and then 
extracted with ether. The residual syrup could not be purified by 
distillation, and it was therefore desiccated in a vacuum for several 
days and analysed (Found: Br = 39-9. Cy, 9H,,0,Br requires 
Br = 40-8 per cent.). Its constitution was established by its 
hydrolysis to «-bromo-yé-dihydroxy-Ae-dihydromuconic acid, and 
by further oxidation to the acid-esters of dibromosuccinic acid and 
oxalic acid. 

Lactone of «-Bromo-y8-dihydroxy-As-dihydromuconic Acid (XII). 
—This substance was prepared by hydrolysis of the above 
dihydroxy-compound with concentrated hydrochloric acid. When 
alcohol ceased to be evolved, the solution was evaporated to dry- 
ness and the residue purified by crystallisation from a mixture of 
chloroform and acetone, from which it separated in spear-shaped 
needles, m. p. 157°. 

The lactone ring is readily split by means of alkalis. When 
titrated in the cold with dilute alkalis, it behaves as a monobasic 
acid, but if it is first dissolved in excess of alkali and the excess 
titrated with acid figures corresponding with a dibasic acid, 
C,H,;0,Br, are obtained. The lactone instantly decolorises cold 
alkaline permanganate, but a separation of silver bromide does not 
take place when it is boiled for several minutes with concentrated 
nitric acid and silver nitrate [Found: C= 300; H= 211; 
Br = 33-4. Equivalent (direct titration) = 237; equivalent 
(indirect titration) = 120. C,H,0,Br requires C = 30-3; H = 2:1; 
Br = 33-7 per cent.; M = 237]. 

The same lactone is produced along with a considerable amount 
of oxalic acid when «-bromomuconic acid (below) is oxidised with 
a deficit of cold alkaline permanganate. 

On oxidation with excess of cold alkaline permanganate the 
lactone passes quantitatively into oxalic acid. 

Oxidation to Bromomaleic and Oxalic Acids.—Ethyl muconate 
dibromide or ethyl dibromodihydroxyadipate was treated in acetone 
solution at 50° with a 2 per cent. solution of permanganate in 
aqueous acetone until decoloration ceased. The solution was 
filtered and evaporated until most of the acetone had volatilised, 
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then acidified with hydrochloric acid, further evaporated, and 
extracted with ether. The residue which remained when the ether 
was evaporated was boiled with concentrated hydrochloric acid 
until alcohol ceased to.be given off, and the solution evaporated to 
dryness. The crystalline residue, on fractional recrystallisation 
from a mixture of acetone and chloroform, gave the above lactone, 
bromomaleic acid, and oxalic acid. 

The bromomaleic acid was identified by analysis (Found: 
Br= 41-0 per cent.), by its melting point (128°), and by direct 
comparison and a mixed-melting-point determination with a 
specimen prepared from fumaric acid and bromine. 

The oxalic acid crystallised in the first place in its hydrated 
form, m. p. 101° (Found: C = 19-5; H = 4°8 per cent.), and was 
identified by the usual tests. 


(() Action of Dilute and Concentrated Alkalis on Ethyl Muconate 
Dibromide. Formation of Muconic Acid, «-Bromomuconic 
Acid, 5-Bromo-y-hydroxy-Ae-dihydromuconic Acid, 8-Bromo- 
yé-dihydroxy-Aen-octadiene-ade6-tetracarboxylic Acid, and yé- 
Dihydroxy-Ae%n-octatriene-adeb-tetracarboxylic Acid. 


2N-Aqueous sodium hydroxide gave bromomuconic acid only. 
15N-Methyl alcoholic potassium hydroxide yielded muconic acid, 
the bromohydroxydihydromuconic acid, the octadiene- and the 
octatriene-tetracarboxylic acids. 6N-Methyl alcoholic potassium 
hydroxide gave muconic acid, the octadiene- and the octatriene- 
tetracarboxylic acids, and 8-5N-methyl-alcoholic alkali gave muconic 
acid and the octatriene-tetracarboxylic acid. 

a-Bromomuconic Acid (XIII).—The dibromo-ester (10 grams) 
(V) was boiled with 50 ¢.c. of 2N-aqueous sodium hydroxide for 
one hour, that is, ten minutes longer than-the time required for 
the whole of the oil to disappear. On acidifying with concentrated 
hydrochloric acid, 3 grams of bromomuconic acid crystallised. A 
further 1 gram was obtained by extracting the mother-liquor with 
ether, the total yield amounting to about 67 per cent. of the 
theoretical. 

The acid separates in small prisms, m. p. 185°, from hot water 
or from a mixture of acetone and benzene. It decolorises cold 
alkaline permanganate instantly, but no separation of silver 
bromide takes place on boiling with nitric acid and silver nitrate 
(Found: C= 32:3; H=2-4; Br= 36-8. C,H,;O,Br requires 
C = 32-5; H = 2:3; Br = 36:3 per cent.). 

The methyl ester was prepared by warming the acid with phos- 
phorus pentachloride (2-1 mols.) and mixing the product with 
an excess of methyl alcohol. The solution having been boiled, 
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cooled, and poured into ice-water, the crystalline precipitate 
obtained was washed, dried in ethereal solution with calcium 
chloride, and crystallised from light petroleum, from which the 
pure ester separated in stout prisms, m. p. 56° (Found: Br = 32-4, 
C,H,O,Br requires Br = 32-1 per cent.). 

The ester does not keep well; a specimen which had been kept 
in a corked tube for two years became converted into a brown 
india-rubber-like substance. 

5-Bromo-y-hydroxy-A«-dihydromuconic Acid (XIV).—The di 
bromo-ester (10 grams) was boiled for one hour with 140 c.c. of 
1-5N-methyl alcoholic potassium hydroxide, the violet solution 
cooled and filtered, and the salts were decomposed with dilute 
hydrochloric acid. The precipitated acids were boiled with ethyl 
acetate, the soluble constituent consisting principally of the 
bromohydroxy-acid, a further quantity of which was obtained by 
extracting the acid-aqueous solution with ether. After crystallis- 
ation from water, the acid decomposed and melted at 195° with 
previous sintering; repeated crystallisation did not affect the 
melting point (Found: C = 30-0; H = 3-0; Br = 33-4. C,H,0;Br 
requires C = 30-1; H = 3-0; Br = 33-5 per cent.). 

Methyl y-Chloro-3-bromo-A«-dihydromuconate was obtained by 
heating the above acid with phosphorus pentachloride (3 mols.) 
and decomposing the product with methyl alcohol. The product, 
after crystallisation from light petroleum, formed stout prisms, 
m. p. 41—43° (Found: C = 28-0; H = 2-4. C,H,O,CIBr requires 
C = 27:9; H = 2:3 per cent.). 

Muconic Acid (1).—The portion of the above mixture of acids 
which was insoluble in ethy! acetate consisted principally of muconic 
acid. It was converted into its methyl ester, which was identified 
by its melting point (159°), by analysis (Found: C = 56-3; H = 5-9 
per cent.), and by direct comparison with an authentic specimen. 

Muconic acid was also obtained from the experiments described 
below, in which more concentrated alkali was employed. 

5-Bromo-yé-dihydroxy-A2n-octadiene-ade6-tetracarboxylic Acid (XV). 
—The alkaline alcoholic mother-liquor obtained in the pre- 
paration of bromohydroxydihydromuconic acid was saturated 
with carbon dioxide, filtered from the carbonate, and evaporated 
to dryness. On treating the residue with dilute hydrochloric acid, 
a precipitate was obtained of which a considerable proportion was 
sparingly soluble in ethyl acetate. After recrystallisation from 
water, this melted at 239° with decomposition. 

Better yields of this acid are obtained when more concentrated 
alkali is used. The dibromide (30 grams) was added as quickly 
as possible to 150 c.c. of boiling 6N-methyl alcoholic potassium 
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hydroxide. When the violence of the decomposition had abated, 
the solution was boiled for fifteen minutes, cooled, and filtered. 
The washed salts were dissolved in 125 c.c. of water, and decom- 
posed with 60 c.c. of concentrated hydrochloric acid. After keeping 
over-night, the precipitated acid (4 grams) was collected and 
crystallised from water, by which means the octadienetetra- 
carboxylic acid (m. p. 239°) was separated from the small quantity 
of muconic acid accompanying it (Found: C = 363; H = 3-5; 
Br = 20-2. C,,H,,0,)Br requires C = 36-3; H = 3-3; Br = 20-2 
per cent.). 

yé-Dihydroxy-Ae%n-octatriene-ade9-tetracarboxylic Acid (XV1).—This 
substance is formed in the hydrolysis of ethyl muconate di- 
bromide by 1-5N-methyl alcoholic alkali, and it accompanies the 
octadienetetracarboxylic acid (m. p. 239°) in the separation of 
the products up to the stage at which this acid is purified by boiling 
with ethyl acetate. The octatrienetetracarboxylic acid is soluble 
in this solvent, and it can be recovered by evaporating the filtered 
solution and purified by repeatedly crystallising from water. 

To obtain this acid from the decomposition products formed by 
6N-methyl alcoholic alkali the filtrate from the precipitated octa- 
dienetetracarboxylic acid was extracted with ether. The solid 
left on evaporating the ether was first drained on porous porcelain 
and then crystallised several times from small amounts of water. 

The dibromo-ester (5 grams) was melted and poured into 25 
c.c. of a boiling solution of methyl-alcoholic potassium hydroxide 
which had been boiled in an open flask until the temperature had 
reached 130°. An excessively violent reaction ensued. The boiling 
was continued for thirty minutes, and the solution cooled, diluted 
with absolute ethyl alcohol, and filtered. The potassium salts were 
dissolved in the minimal amount of water and decomposed with 
strong hydrochloric acid. The precipitated acid, after several 
crystallisations from water, melted at 180—181° (Found : C = 45:8; 
H = 3-6. C,.H,.0j9 requires C = 45-6; H = 3-8 per cent.). A 
small amount of muconic acid also was obtained. 


We desire to thank the Chemical Society for a grant which has 
defrayed much of the expense of this work. 
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CLVII.—The Effect of an Electrolyte on Solutions of 
Pure Soap. Phase-rule Equilibria in the System 
Sodium Laurate-Sodium Chloride—Water. 


By James Witt1AM McBarn and ArtuuR JOHN BURNETT. 


Ir is a matter of common knowledge that addition of salt to soap 
solutions may cause salting out and that advantage is taken of 
this in the soap industry. It appears, however, to have escaped 
notice that four different types of salting out occur. The relation. 
ships involved can be explained in terms of the phase rule, but 
they constitute a distinct type of equilibrium.* 

Merklen published in 1906 and 1907 an important investigation 
in which he prepared soaps on a semi-technical scale from a large 
number of common fats and oils and recorded the analysis at each 
stage of manufacture (‘‘ Etudes sur la Constitution des Savons du 
Commerce,” Marseilles, 1906. German edition by F. Goldschmidt, 
Halle-a.S., 1907). However, Merklen regarded the salted-out 
soaps merely as sorption compounds, showing that their composition 
depends on a large number of factors such as temperature. 

When the present investigation was undertaken the only published 
account of laboratory experiments on any of the soap-boiling 
processes was the dissertation of Richert (“ Uber das Aussalzen 
von Seifen,’’ Karlsruhe, 1911). Richert’s observations are of very 
great value, in spite of a curious incompleteness in the analytical 
data and his failure either to make use of the phase rule or to dis- 
tinguish clearly between liquid and solid forms of soap. His soaps 
were made from pure fatty acids and mixtures of pure acids, and 
the electrolytes were added singly and together. His conclusions, 
when further interpreted in the light of the present results, are of 
great value for the discussion of soap-boiling processes. 


Theory. 


Special interest attaches to the validity of the phase rule for 
such a system as this. Not only are all the solutions colloidal, but 
gelatinisation is also prominent. The applicability of the phase 
rule would appear to be a corollary of the fact, now carefully estab- 
lished, that true, reversible equilibria occur in soap solutions and 
that these equilibria determine all the colloidal as well as the crystal- 
loidal constituents present. Hence, a soap solution, from the point 


* For a somewhat fuller discussion of some of this work, especially its 
technical aspects, see “‘ Fourth Colloid Report of the British Association for 
the Advancement of Science,” 1922. 
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of view of the phase rule, may be regarded as a single phase when 


) discussing its equilibria with other solutions or solids, in spite of 


ak ar ee EN emmy 


} the presence of colloidal particles, even of several different kinds. 


Soap solutions, such as those of sodium laurate, to which salt has 
been added may be treated as three-component systems involving 
water, sodium Jaurate, and sodium chloride. Of course if hydrolysis 
is taken into account, and there is an actual separation and segrega- 
tion of acid soap, four components would have to be considered. 
The first and fundamental step was to ascertain that two liquid 
layers can be formed, that they are in equilibrium with each other, 
and exhibit a true critical temperature, above which they form 
one homogeneous liquid. Very extensive observations were made 
in the critical examination of these points, and their ultimate 


' demonstration is undoubted. 


It was not easy to become quite certain of this apparently simple 
observation. ‘The upper soap layer is in most cases so viscous that 
a complete separation of the phases is almost never fully effected. 
Added to this are the great tendency of the upper layer to gelatinise 
and the rather narrow range of temperature which must be observed 


) to avoid either gelatinisation or curding. On the other hand, the 


high viscosity makes it only too easy to obtain two liquid layers 
separated by a perfect mirror-like surface which may persist for 
long periods, simulating a pair of immiscible liquids, although when 
thoroughly mixed they form one homogeneous liquid. Violent 
shaking is apt to induce frothing, which may persist indefinitely. 
The experiment must be carried out in sealed tubes entirely immersed 
in a thermostat. Nevertheless, it was finally found possible to 
obtain pairs of liquids the behaviour of which above and below the 
critical point could be observed as unmistakably as with any ordinary 
pair of partly miscible liquids. 

Miss Laing has shown that the equilibria in sol and gel are 
identical. Close scrutiny was therefore made as to whether the 
equilibria were affected when one or other of the liquids was allowed 
to gelatinise. It was found that gelatinisation had no effect either 
on the critical temperature or the relative volume of the two 
phases. 

A further confirmation of our observations and interpretation 
is the fact that on cooling to the critical temperature, supersaturation 
with respect to the formation of a second liquid never occurred. 
This agrees with the well-known deduction from the kinetic theory 
that supersaturation with respect to the formation of a liquid is, 
by definition, impossible. This observation affords an invaluable 
experimental method for delimiting boundaries of the systems in 
which formation of two liquid layers is possible. 
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Mr. Langdon is carrying out in this laboratory a parallel investiga. 
tion of solutions of sodium palmitate, and free use has necessarily 
been made of his data in interpreting and confirming these results. 


General Description of the Systems Observed. 


Unless it is fairly dilute, below about 0-1N, an aqueous solution 
of pure sodium laurate at room temperature forms a white, solid. 
looking curd consisting of a mass of curd fibres which are hydrated 
soap, the rest of the water being enmeshed in the mass of fibres, 
On heating, the curd fibres progressively dissolve, the temperature 
at which they finally disappear increasing with concentration. 
On cooling, the clear solution deposits hydrated soap fibres, 
which grow from nuclei in all parts of the liquid, gradually spreading 
until the whole mass appears solid. Owing to undercooling, the 
temperature at which the curd reappears is several degrees lower 
than that at which it dissolved. 

The general effect of adding increasing concentrations of electro. 
lyte to a soap solution is at first to increase the viscosity of the 
solution, but after reaching a certain point the viscosity falls off 
again (King, J. Soc. Chem. Ind., 1922, 41, 1477) until finally, with 
further addition of electrolyte, the liquid becomes cloudy and 
separates into two layers, the upper containing most of the soap 
and the lower most of the electrolyte. 

For any one soap concentration the presence of a small amount 
of sodium chloride was found to raise the temperature at which the 
curd reappeared on cooling. The degree of undercooling is similar 
to that in the absence of salt. When the chloride concentration 
has reached a certain point the solution becomes cloudy. Slight 
heating destroys the cloudiness, but cooling causes it to reappear 
at the same temperature. After slight further cooling, the tube can 
be seen to contain globules of two liquid phases, which gradually 
separate into layers the relative volumes of which depend on the 
temperature. The upper layer shrinks as the temperature falls, 
and ultimately white curd is formed in the upper layer, leaving the 
lower layer as a clear brine containing scarcely any soap. 

The temperature of layer formation depends, for any one con- 
centration of soap, on the concentration of chloride and rises rapidly 
with increasing salt concentration. For example, in N/10-sodium 
laurate, layers are formed at 62° when the concentration of chloride 
is 2-3N, and at 115° when it is 2-71N. In many cases, the upper 
layer becomes a gel immediately on its formation. In all cases, 
apparently, the upper layer forms a gel before curd fibres appear, 
and, when the temperature of separation is low, the formation of 
fibres often follows so soon that unless the temperature is kept 
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constant at the right point there is no separation into layers, although 
the two phases may be seen as globules before solidification. If the 
total amount of salt present is still further increased at constant 
temperature after two layers have been formed, a point will finally 
be reached where curd appears in the upper layer, ultimately leaving 
a lye containing only traces of soap. 


The Phase Rule Diagram. 


In all our experiments the pressure and temperature were chosen 
arbitrarily, thus disposing of two of the degrees of freedom for this 
three-component system allowed by the phase rule : C + 2 = P +F. 
Hence, when one solid or liquid phase was present, the concentra- 
tions of sodium chloride and laurate could be varied independently, 
but if two solids or liquids were present, variation in concentration 
of either constituent in one or both phases was dependent on the 
corresponding variation of the other constituent. When three 
solid or liquid phases were present, the composition of each was 
fixed, this being the maximum number of phases which would co- 
exist in equilibrium at an arbitrarily chosen temperature. 

The diagram used is that due to Gibbs, namely, an equilateral 
triangle of unit height. Hence systems of soap, salt, and water 
are represented by points within the triangle, for example, equi- 
molecular proportions by the intersection of the perpendiculars 
from the corners. Here, instead of using one gram-molecule of 
water as the standard quantity, a kilogram of water has been cailed 
the unit amount. This has the effect of bringing the data well 
into the middle of the diagram instead of crowding them into one 
corner, as would otherwise have been the case. The relative 
amounts of soap and chlocide are thus represented by the respective 
perpendiculars, and the central point of the diagram represents 
a system in which both of these are (weight) normal with reference 
to water. To complete the diagram, much work still remains to 
be done, and owing to the difficulty of dealing with very strong 
soap solutions in the presence of salt, the upper portion of the diagram 
will probably take much time to plot. The general form of the 
diagram given by this work is very similar to that indicated by the 
work of Mr. Langdon on sodium palmitate. 

Fig. 1 shows the type of equilibrium diagram resulting from 
the present work. It represents the equilibria at one temperature, 
90°, and is carefully drawn to scale, although it unavoidably 
expresses more detailed information than that which has been 
definitely established by the present experiments. 

It will be noted that the greater part of the diagram represents 
homogeneous soap solutions of various concentrations of soap up 
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to about 10N,, and various concentrations of salt up to about 
2-5Ny. The equilibria within these homogeneous solutions form 


the subject matter of other communications. The interest here | 


lies in the existence of the fields H, F, and G, representing pairs 
of liquid layers which are formed with slight further addition of 
salt. 


Fia. 1. 


Equilibria at one temperature (90°) in the system water-sodium 
chloride-sodium laurate. 


containing salt. , 
NigRe 


H,,0 Nail 
(1kilo) H 
A—Salt + various dehydrated curds. E—Neat soap on lye. 
B—Salt + curd + saturated lye. F—Neat soap on nigre. 
C—Grained soap (curd) on lue. G—Nigre on lye. 


D—WNeat soap (liquid) + lye + curd. H—WSalt + saturated solution containing 
traces of soap. 


In commercial soap boiling most soaps of good quality are 
“ fitted ’’ and “ settled’ in the course of manufacture; that is, 
the concentration of salt in the soap pan is very carefully adjusted 
so that two liquid layers are formed, the upper one of which is the 
“neat soap” of commerce and contains about 70 per cent. of 
anhydrous soap. The lower layer contains 20 to 45 per cent. of 
soap and, on account of its darker colour when liquid, it is termed 
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nigre.”’ This is an extremely useful empirical device for freeing 
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the soap from excess water. This equilibrium corresponds with the 


field F in Fig. 1. 
It has been commonly assumed that the formation of the two 


presence of salts of the various fatty acids of different degrees of 
solubility. The present work, and more especially the parallel 
work of Mr. Langdon on palmitate, demonstrates for the first time 
that the formation of two liquid layers is in no way dependent on 
the presence of more than one soap. This fact finds important 
corroboration in the observation stated tentatively by Merklen, 
and noted also in this laboratory, that there appears to be little 
or no fractionation of the various soaps present during “ fitting,” 
the molecular weight and iodine value of the fatty acids in “ neat 
soap” and “ nigre ” are practically the same. 

Another pair of liquid layers, much too dilute ever to be observed 
in soap boiling, was discovered by Richert (loc. cit.) corresponding 
with the field G in Fig. 1, and in which the upper layer contains 
not more than 0-5N,, sodium laurate whilst the lower layer usually 
contains much less than 0-1Ny. The existence of such pairs of 
liquids is fully confirmed by the present work, and we have not 
hesitated to designate the upper layer “ nigre,”’ for reasons which 
are obvious from an inspection of the diagram. 

Further addition of salt to either of these pairs of liquids repre- 
sented by the heterogeneous fields F and G results in the elimination 
of the “‘ nigre ’’ as the system passes into the heterogeneous area E, 
where the liquid “‘ neat soap ”’ rests on “lye.” The same result 
follows directly, if to a homogeneous “ nigre”’ containing 0-5N,, 
sodium laurate, further salt is added. 

The narrowness of the field F is very striking, and compels 
admiration for the art of the soap-boiler who works within such 
close limits. The surprising straightness of the left-hand boundary 
of this field is intimately linked with the remarkable constancy 
of concentration of the “ neat soap ” of industry. 

There is an upper limit to the amount of salt consistent with the 
existence of liquid ‘‘ neat soap.” This is represented by the hetero- 
geneous field D, involving three phases of constant composition, 
in which the “ neat soap” is being replaced by curd. This field 
we have not yet accurately delimited. The same remark applies 
to a small field just above D indicating a series of solutions in 
contact with a series of curd fibres. 

Beyond this, in field C, the soap is all “ grained out” as curd 
floating on a “lye,” which, in the present case, is 5N, to 6Ny 
with respect to salt and contains only traces of laurate. 

As soon as the “ lye’ becomes saturated with salt, the composition 
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of the curd fibres becomes fixed for any definite temperature until, by 
evaporation, the “lye,’’ free and enmeshed, has entirely disappeared, 

We have spent many years in this laboratory in attempts to deter. | 
mine the course of the line representing the series of possible hydrated 
curd fibres, but our knowledge is still very much more incomplete 
than is indicated by the whole curve which it was necessary to place 
in the diagram. Anhydrous soap cannot exist in contact with any 
aqueous solution owing to immediate hydration. Only a few points 
have been determined with precision (McBain and Taylor, T., 1919, 
115, 1300; McBain and Martin, T., 1921, 119, 1369; McBain 
and Salmon, ibid., p. 1374; Laing, ibid., p. 1669; and as yet 
unpublished work). 

There is an important difference to be noted between the form. 
ation of liquid layers in a system containing mixtures of soaps 
and their separation as curd. Whereas little or no fractionation 
occurs in the former case, the curd fibres may maintain their very 
great differences in solubility and hence separate out singly (Laing, 
loc. cit.). 


EXPERIMENTAL. 


The sodium laurate used was made from Kahlbaum’s acid, and 
was used in some cases in the form of solutions of known strength 
and also in the form of dry powder. The solutions were made by 
shaking the free acid with the theoretical quantity of water and 
sodium hydroxide (see Bunbury and Martin, T., 1914, 105, 417) 
The dry powder was prepared by dissolving sodium in dry alcohol 
(distilled after standing over lime) and neutralising with the fatty 
acid. Neutrality was obtained by testing samples of several grams 
of the mixture with phenolphthalein, and finally the alcohol was 
evaporated off. The purity of the soap thus obtained was checked 
by analysis of a sample of 5 to 10 grams. 

To obtain equilibrium, it being necessary to avoid loss of water 
by evaporation, the experiments were carried out in sealed tubes. 
The method of preparation was as follows : 

The soap, either in solution or as dry powder, was weighed in a 
glass tube 8 to 9 inches long and ? inch in diameter, or slightly less, 
sealed at one end in the form of an ordinary test-tube. Water and 
sodium chloride were added as required, weighing the tube each 
time an addition was made. From the data thus obtained, the 
composition of the system was easily calculated. In some cases it 
was found convenient to add sodium chloride and water in the form 
of saturated brine, the strength of which was known. When all 
the materials required were in the tube, the latter was sealed by 
the blowpipe. 
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After preparation of the experiment the first operation was 
to heat and shake the tube until the contents became homogeneous. 
For this purpose a water-bath was sometimes sufficient, but at 
other times temperatures as high as 160° were used, maintained in 
a glycerol-bath. Even under such conditions some specimens 
remained quite unmixed, particularly when both soap and chloride 
were in fairly high concentrations. In these cases the attainment 


Fia. 2. 


Detail of analytical data in systems of aqueous sodium laurate and sodium 
chloride forming two liquid layers. The boundary of the field of homogeneous 


liquid at 80° is shown by the continuous line. 


of equilibrium was so doubtful that no reliance could be placed 
on the observations made, for apparently a hard layer of soap 
curd formed on the surface of the chloride and prevented its 
dissolution. 

When the system became homogeneous it formed a clear, trans- 
parent liquid. In such cases the tube was immersed in a slowly 
cooling bath (a pyrex beaker of about 2 litres capacity was found 
convenient), and its behaviour observed as the temperature fell; 
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rising. 

observing the critical temperature of separation of the liquid layers 
in systems made up specially to definite compositions, and by 
observing the temperature at which the last curd fibres just went 


into solution. 


thereafter observations were made with the temperature slowly 
Effe 


Most of the data of the present paper have been obtained } 


Upper critical temperatures for the existence of two liquid layers in aqueous 
solutions containing sodium laurate and chloride. 
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Fractional concentration of sodium chloride. 


Experimental Data. 


All normalities are weight normalities, that is, they refer to 
gram-molecules of salt or soap associated with 1 kilogram of water. 
The fractional concentrations are those which are used for plotting 


on the diagrams. 
Table I contains observations of the critical temperatures of 
separation of liquid layers. These data are also represented 


graphically in Figs. 1 to 4. 

Table II contains observations of the final solution temperature 
of soap curds to form one homogeneous liquid. These data are 
also represented graphically in Figs. 4 and 5. 
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curd fibres of sodium laurate. 


Fia. 4. 
Effect of temperature and concentration of sodium chloride on the solubility of 
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TABLE I. 


A 0.8 
é 
= 
a 


Highest temperatures of formation of two liquid layers in solutions 
of sodium laurate and chloride. 


Sodium chloride. 


Sodium laurate. 


Normality. 
2-0 


Fractional 


concn. 
0°4000 
0°3960 
0°3824 
0°3828 
0°3817 
0°2387 
0°2252 
0°2344 
0°2046 
0°1286 
0°1178 
0°1165 
0°1016 
0°0983 
0-0585 
0-0529 
0-0263 
0-0288 


Normality. 


1:99 


Fractional 


concn. 
0°4000 
0°4059 
0°4264 
0°4258 
0°4275 
0°5226 
0°5495 
0°5341 
0°5938 
06148 
0°6482 
0°6499 
0°6449 
0°6566 
0°6492 
0°6832 
0°7111 
0°6830 


Temp. of 
layer 
separation. 
79° 
94 
106 
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Effect of temperature and concentration of sodium chloride on the solubility of f Ta 
sodium laurate in aqueous solution. 


90° ¢ 


80° F 


70° F 


Temperature of curd solution. 


i L 


2 2.0N Na Lavrate 


. L 


0-1 0:2 


0°3 0-4 


05 


0°6 0°7 


Fractional concentration of sodium chloride. 


TABLE IT. 


Solubility of sodium laurate in aqueous solution of sodium chloride ; 
temperature above which the solution is homogeneous. 


Sodium laurate. 


Normality. 
2-0 


Fractional 
concn. 
0°6667 
0°5659 
0°5525 
0°4982 
0°4762 
0°4062 
0°5000 
0°4016 
0°2786 
0°2732 
0°2695 
0°2590 
0°2439 
0°1667 
00-0830 
0°-0725 
0-0624 
0-0909 
0-0326 
0-0314 
0:0304 


Sodium chloride. 


A 


Fractional 
Normality. concen. 
0-0 0-0 
0-534 01511 
0°62 0°1713 
1-02 0°2528 
1-02 0°2858 
1-92 0°3906 
0-0 0-0 
0°49 0-1968 
1-59 0°4429 
1-66 0°4535 
1-71 0°4609 
1-86 0°4819 
2°10 0°5121 
0-0 0-0 
1-21 0°5021 
1°56 0°5650 
2°05 0°6302 
0-0 0-0 
1-97 0°6417 
2-08 0°6540 
2°19 0°6657 


Temp. of 
curd soln. 
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Analytical Data. 


Table III contains the results of experiments in which systems 
of two liquid layers were submitted to analysis. 

The tube was immersed in a thermostat at 80° until the contents 
had attained equilibrium. The top of the tube was then cut off, 
the tube remaining in the thermostat. A sample of the lower layer 
was drawn off in a pipette. The upper layer, if sufficiently liquid, 
was withdrawn in a similar manner, but when very viscous or gela- 
tinous the sample was obtained by suddenly chilling the tube and 
removing the layer in the form of curd. 

For analysis a known volume of standard hydrochloric acid was 
added to the samples, and the fatty acid liberated by gentle heating 
(the samples were weighed in flasks before treatment). The fatty 
acid was collected in a filter-paper, and the filtrate and washings 
were kept, excess of hydrochloric acid being estimated by means of 
standard alkali. The fatty acid was washed through the filter 
with hot alcohol and titrated with alcoholic sodium hydroxide, 
the amount of soap originally present being thus estimated. The 
aqueous liquid was then used for the gravimetric estimation of the 
total chloride present by precipitation with silver nitrate, the silver 
chloride being.collected and weighed in a Gooch crucible. When 
both soap and chloride in the sample were known, the water was 
found by difference. 

TaBLeE III. 


Analyses of pairs of liquid layers. 


Comp. of system. Upper layer. Lower layer. 
é L. v 


Temp. NaL NaCl. Na NaCl. NaL. NaCl. 
ad | 2 1 2 1 2 1 2 1 2 1 2 

70° 0-74 O-1758 2-47 0-5867 3-33 0-5597 1-62 00-2723 0-03 0-0086 2-47 0-7056 
» 068 01184 406 0-7074 2-71 0-3823 3:38 0-4768 0-01 0-0020 4-10 06-8022 
» 0-735 00-1752 2-46 0-5864 0-78 O-1871 2-38 0-5724 Not analysed 
8%) 2-00 00-3828 2-22 0-4258 4:15 0-6094 1-66 0-2438 0-09 0-0172 4:33 0-7986 
» 0-201 0-0529 2-59 0-6832 0-64 0-1516 2-58 0-6117 0°05 0-0122 2-69 0-7210 
» 0498 0-1165 2-78 0-6499 3-99 0-6014 1-65 0-2478 0-02 0-0051 2-93 0-7416 

0-401 0-0983 2-68 0-6566 0-49 O°1192 2°64 0°6388 0-03 0-0067 2-84 0°7347 

* Column 1 = Normality. Column 2 = Fractional concentration. 


The analytical results of Table III are shown graphically in 
Fig. 2, which is an enlargement of a portion of the triangular 
diagram. The data suffice to determine with some accuracy the 
composition of the “lyes ” and the direction of the tie lines; the 
actual composition of the upper layers could not, however, be 
determined by such small-scale experiments owing to the very great 
viscosity of “‘ neat soap.” Even the composition of the “ nigre ” 
as upper layer cannot easily be determined with accuracy, probably 
owing to the high temperature-coefficient involved. The slope 
of the tie lines indicates that the weight normality of sodium 
chloride in ‘‘ neat soap ”’ is about one-third of that in the lower layer. 
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Influence of Temperature. 


The temperature coefficients for the condition of existence of 
two liquid layers are indicated in Fig. 3 as well as Fig. 4. It will 
be seen that as the temperature falls, solutions which have been 
homogeneous may separate into two liquid layers, and on further 
cooling, if curd does not appear, the “ nigre”’ layer is eliminated 
leaving “‘ neat soap ”’ on “ lye.” 

The effect of tem perature on the solubility of soap curd is extremely 
great, as is evident from an inspection of Figs. 4 and 5. On the 
other hand, addition of sodium chloride very greatly diminishes 
the solubility of soap curd. The regular manner in which this is 
effected is indicated very clearly by the diagrams. In Fig. 4 the 
broken lines represent the maximum concentrations of soap and 
salt at each temperature for which the solution can remain homo. 
geneous without separation of curd. Each of these broken lines 
represents a series of solutions which may be in equilibrium with its 
respective curd, as indicated in the upper corner of the diagram. 
Here, as in Fig. 1, the tie lines are not drawn in full, but are merely 
indicated to avoid confusion. For any one temperature almost 
the whole of the diagram above, and to the right of, one of these 
broken lines consists of a heterogeneous mixture of curd fibres and 
soap solution containing salt at various concentrations up to satur- 
ation with sodium chloride. The extreme right and upper right-hand 
portions of the diagram represent mixtures of various curd fibres 
with solid sodium chloride with and without the presence of saturated 
aqueous sodium chloride containing only minute traces of soap. 

It is evident that at sufficiently high temperatures (if decomposi- 
tion is prevented) all soap systems can be brought into the form 
of one homogeneous liquid. If the concentration of sodium chloride 
is above 2Ny, there will be a temperature on cooling to which two 
liquid layers are formed. But if the concentration of soap, and 
particularly of salt, is high enough, curd will separate out at the 
expense of the upper layer, so that, on cooling, this will completely 
disappear, leaving ultimately curd fibres enmeshed in “ lye.” 


Summary. 


1. A colloidal solution in which true reversible equilibria subsist 
behaves as a single phase towards external equilibria, and the 
phase rule is directly applicable. This is in contrast to the consider- 
ation of equilibria within the colloidal solution where a modified 
form of the phase rule with at least one more degree of freedom 
must be employed and where the colloidal solution itself must be 
recognised as consisting of several phases. 


CI 
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2. Gelatinisation of one or both of the liquid soap layers does not 
affect the equilibria observed. Supersaturation with respect to 
the formation of a liquid soap layer was never observed. 

3. There are three types of liquid layers any pair of which may 
be in equilibrium under suitable conditions. These three liquids 
correspond with that concentrated liquid known to the soap boiler 
as “ neat” or “‘ fitted ” soap; to the liquid of moderate concentra- 
tion known as “ nigre”’; and to that containing very little soap, 
known as “lye.” The concentrations in these three layers are : 
for sodium laurate, 10N,, 0-5—1-0Ny, and 0-01N,; for sodium 
chloride, 1—2Ny, 2-5—3Ny, and 2-5—6N,, respectively. 

4, Addition of salt to solutions of sodium laurate reduces the 
solubility of the soap in a regular manner highly dependent on 
temperature and concentration. 

5. Addition of excess of sodium chloride at temperatures where 
two liquid layers have been formed ultimately results in the form- 
ation of curd floating ona lye containing only minute traces of laurate. 

6. Portions of the equilibrium diagram for the system sodium 
laurate-sodium chloride—water have been mapped out. 


We desire to thank the Research Fund of the Chemical Society 
and the Colston Research Society of the University of Bristol for 
grants which have enabled this work to be carried out. 
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CLVIII.—The Constitution and Rotatory Powers of 
Mannitol and Fructose Complexes Formed in 
Solutions Containing Boric Acid and Sodium 


Hydroxide. 
By Grorce VAN BARNEVELD GILMOUR. 


Very little is known about the constitution of the complexes 
formed by the combination of polyhydric alcohols and sugars with 
boric acid or borax. Mannitoboric acid, for instance, is held to 
be produced by the condensation of two hydroxyl groups of one 
mannitol molecule with one molecule of boric acid, forming a ring 
containing two atoms of oxygen. Whether the reacting hydroxyl 
groups are adjacent or not is a question that has yet to be satis- 
factorily settled. Béeseken has stated (Rec. trav. chim., 1915, 34, 
96) that such compounds have the common cyclic group 
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-O 
>B-OH. This implies that the condensation is brou ht 
-O P 8 


about with the elimination of two molecules of water. Mannito. 
boric acid has been isolated by Fox and Gauge (T., 1911, 99, 1075). 
These workers state that it is derived from one molecule of mannitol 
and one of boric acid by the loss of one molecule of water, and give 
for its empirical formula, C,H,;0,B. It is therefore necessary to 
amend the structural formula so that it will be in harmony with 
the latter, and the suggestion is made that this can be done by 
assuming that the boron atom in such complexes acts as a pentad. 
According to the new theory of valence advanced by Langmuir 
(J. Amer. Chem. Soc., 1919, 41, 868) boron should be capable of 
acting either as a triad or a pentad. A compound in which boron 
was apparently quinquevalent was prepared in 1880 by Michaelis 
and Becker (Ber., 1880, 13, 58). It is suggested that when boric 
acid condenses to produce mannitoboric acid or other polyhydric 
complex, a rearrangement takes place in the boric acid molecule 
as shown by the equation : 


H 
| 

CeHi205<y + B(OH), = CpH,.0,<0>BO-OH + HO. 
H 


To the acid group in the complex is given the same structure as 
to the carboxyl group in organic acids, and indeed this seems 
justifiable, because Ageno and Valla (Gazzetta, 1913, 43, ii, 163) 
found the dissociation constant of mannitoboric acid to be of the 
same order of magnitude as those of monobasic organic acids. 

The tendency of mannitoboric acid and similar compounds to 
form further complexes is in all probability due to the oxygen in 
the ring becoming quadrivalent and forming oxonium derivatives. 
For instance, it might form hydrates or alcoholates similar to 
glucose hydrate or, on the other hand, combine with acids after 
the manner of dimethylpyrone. A series of complexes of the type 
trimannitol-sodium metaborate, NaBO,,3C,H,,0,,5H,O, has been 
prepared by Griin and Nossoiwitsch (Monatsh., 1916, 37, 409). 
Structural formule for these substances based on quinquevalent 
boron and quadrivalent oxygen agree with their empirical formule. 
Trimannitol-sodium metaborate is thus represented as a dialcoholate 
of sodium mannitoborate (I). 


C,H,,0; OH H,BO, H 
V/ H Y/Y H 
= | 
(L) CoH1,0,<)>BO-ONa CoH,0,<9>B0-0H (II) 
H : 


i. 4“™N 
C,H,,0, OH H,BO, H 
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From conductivity measurements Magnanini (Z. physikal. Chem., 
1890, 6, 58) concluded that he had obtained in solution a compound 
containing three molecules of boric acid and one of mannitol. This 
might be represented on the same hypothesis as a diborate of 
mannitoboric acid (II). No compound of this nature has yet been 
isolated, but this might be due to the ease with which the complex 
is hydrolysed. 

Evidence in support of the formation of such complexes in 
solution was obtained by studying the changes in the optical 
rotation of solutions under favourable conditions. 

For rotation determinations mannitol and fructose were chosen 
because, not only were they typical members of the sugar and © 
sugar-alcohol groups, but also because they reacted with boric 
acid in a very like manner, forming complexes of approximately 
the same stability (Gilmour, Analyst, 1921, 46, 3). 

Boric acid and borax produce a positive rotation in mannitol 
solutions, whilst in fructose solutions they bring about a reduced 
negative reading. In both cases borax has a much greater effect 
than boric acid (see Vignon, Ann. Chim. Phys., 1874, [v], 2, 433; 
Rimbach and Weber, Z. physikal. Chem., 1905, 51, 473; Wender, 
Biochem. Z., 1911, 30, 357). 

In this communication, the rotation measurements were made 
with the view of showing the effect of the reagents on mannitoboric 
acid and fructoboric acid or their salts rather than on the alcohol 
and sugar. 

The changes in rotation of mannitoboric acid and fructoboric 
acid on the addition of increasing amounts of sodium hydroxide, 
until in each case the equivalent of acid had been added, are shown 
in Tables I and II. The rate of increase in rotation of the solutions 
in Table I is roughly proportional to the sodium hydroxide added, 
until about one-third of the equivalent is present. From this 
point until the remainder has been added the rate of increase is 
proportional to the alkali, but is greater than the rate during the 
earlier stage. The addition of alkali in excess of the equivalent is 
practically without effect on the rotation, or, in other words, the 
rotation of sodium mannitoborate is very little influenced by the 
addition of sodium hydroxide. The rate of decrease in rotation 
of the solutions in Table II is proportional to the sodium hydroxide 
added until about one-third of the equivalent is present. After 
this it falls off with each addition. If more alkali than the equiva- 
lent is added, a slight precipitate is formed and an increased rotation 
produced. The conclusion drawn from these rotation observations 
is that in solutions of acids like mannitoboric acid the molecules 
are associated in groups of three, having probably the oxonium 
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structure referred to above. The change that takes place after 
about one-third of the equivalent of sodium hydroxide has been 
added is possibly due to the breaking up of the complex molecules, 
In Table III are given the rotation changes in solutions con. 
taining two molecular proportions of mannitol to one of mannito. 
boric acid during neutralisation with sodium hydroxide. Table IV 
shows the corresponding changes for solutions of fructose and 
fructoboric acid. From the first addition of sodium hydroxide 
until the equivalent is present the rate of change in rotation in 
both cases is approximately proportional to the amount added. 
As in the previous series of observations, alkali in excess of the 
equivalent has very little effect on the rotation of the sodium 
mannitoborate complex, and produces a slight precipitate in the 
sodium fructoborate solution with a rise in rotation. When the 
equivalent of sodium hydroxide is present, the solutions most 
likely contain trimannitol-sodium metaborate and _ trifructose- 
sodium metaborate. It can be inferred from the regularity in 
the rates of change in rotation in tables III and IV that the com. 
plexes are formed either before the sodium hydroxide is added or 
concurrently with its addition. It is much more likely that they 
form before the addition of the alkali. Views expressed on this 
point in a previous paper can no longer be upheld (Gilmour, loc. cit.). 
The effect of boric acid and sodium metaborate (equimolecular 
proportions of boric acid and sodium hydroxide) on the rotation 
of sodium mannitoborate and sodium fructoborate was studied 
with the results given in tables V and VI. The addition of boric 
acid lowers the rotation of sodium mannitoborate and raises that 
of sodium fructoborate, whilst the opposite effect is obtained with 
sodium metaborate. As well as lowering the rotation of sodium 
fructoborate the addition of sodium metaborate also produces a 
slight precipitate. On the two occasions mentioned above, when 
precipitates were obtained in sodium fructoborate solutions, the 
rotations were at the same time increased. Thus a precipitate 
can be obtained either with an increase or a decrease in rotation. 
It is interesting that whilst sodium hydroxide has little effect 
on the rotation of sodium mannitoborate, and boric acid reduces 
it, the combination of both as sodium metaborate should cause an 
increase in the rotation to the extent shown. The increase is most 
pronounced during the addition of one molecular proportion of 
sodium metaborate to one of sodium mannitoborate. A possible 
explanation might be that the sodium metaborate condenses with 
a second pair of hydroxyl groups in the mannitol portion of the 
molecule. The reaction of sodium metaborate with sodium fructo- 
borate is more complicated. In this case the change in rotation 
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is possibly the resultant of two reactions, the first being that which 

roduces the slight precipitates with increased rotations (Tables II 
and IV) and the second the condensation of sodium metaborate 
with a second pair of hydroxyl groups of the fructose portion of 
the molecule: the latter would probably cause a considerable fall 
in rotation. It is hoped to investigate the nature of these 
precipitates. 

Various figures are given in the literature for the rotation of 
mannitol in borax. Vignon (loc. cit.) gives [«]) + 22°5°. Fischer 
(Ber., 1890, 23, 385) obtained a higher value, [«]) + 28°3°, by using 
a larger proportion of borax. The lowest reading for fructose in 
borax solution, [«], — 40°19°, is given by Rimbach and Weber 
(loc. cit.). 

As borax in solution hydrolyses into boric acid and sodium 
hydroxide, the initial reaction of mannitol or fructose would be 
to form sodium mannitoborate or sodium fructoborate. These are 
the nuclei of any further complexes that form or might form by 
increasing the concentration of the borax. When mannitol and 
borax are present in equal molecular proportions, all the mannitol 
will be converted into sodium mannitoborate, and the proportions 
of boric acid and sodium hydroxide (shown as sodium metaborate) 
remaining are given by the equations below : 


Na,B,O, + 7H,O = 2NaOH + 4H,BO,. 


(,H,40, + 2NaOH + 4H,BO, = C,H,,0,BNa + NaBO, + 
2H,BO, + 3H,0. 


Any further addition of borax will increase the sodium meta- 
borate and boric acid by an equal number of molecules. The 
rotation, therefore, of such solutions will be the rotation of sodium 
mannitoborate under the influence of sodium metaborate and boric 
acid, and, as shown in Table V, the former tends to increase the 
rotation at a greater rate than the latter to decrease it. The effect 
of both together seems to be the added effect of each separately. 
For instance, the values for the specific rotation of mannitol in 
borax as found by Vignon and Fischer are approximately the same 
as those calculated from the strengths of the solutions employed 
and the results in Table V. 

By eliminating the boric acid factor a greater rotation has been 
obtained for mannitol than that hitherto produced by borax 
alone. 

The rotation of mannitol in the form of sodium mannitoborate 
was found to be [«], + 22°1°. The maximum rotation of mannitol 
obtained in sodium metaborate solution was [«], + 37°6°. Fructose 
in the form of sodium fructoborate gave the value [«], — 352°. 

VOL, CXXI. 3A 
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Concentration seems to affect the rotation of sodium mannito. 
borate and sodium fructoborate very little. 


ExPERIMENTAL. 


The mannitol and fructose used in the rotation determinations 
had previously been purified by crystallisation from water and 


alcohol respectively. The specific rotation of the mannitol was 
— 0°22° and of the fructose — 89°0°. The value for fructose is 
rather low, but as the determination was made at the concentration 
used in Tables II and IV, this would partly account for the low 
figure. 

The polarimeter employed was a Schmidt and Haensch triple. 
field instrument, and the temperature of the solutions was kept as 
near 20° as possible. 

The necessary amounts of alkali were added in the form of 3N- 
or N/2-sodium hydroxide. For each rotation measurement a 
fresh solution was made up. The reactions of the solutions to 
phenolphthalein were noted. The specific rotations given in the 
tables are calculated for mannitol and fructose. 


TABLE [. 


Changes in the rotation of solutions of mannitoboric acid (equi- 
molecular proportions of mannitol and boric acid) on the addition 
of increasing quantities of sodium hydroxide. Each solution 
contained 1°533 grams of boric acid and 4°5 grams of mannitol, 
and after the addition of the sodium hydroxide was made up to 
50 c.c. 


Grams Reaction to 
Expt. of NaOH. Rotation. [a],. phenolphthalein. 

1 Nil + 0°62° + 3°44° Acid 

2 0-06 0°74 411 _ 

3 0-12 0°85 4°72 ie 

4 0°18 1-02 5°67 me 

5 0°24 1°15 6°39 SS 

6 0°33 1°40 7°77 “ 

7 0°36 1°48 8°22 a 

s 0-60 2-43 13°50 ae 

9 0-99 3°98 22-11 Alkaline 
10 1-20 4°10 22°77 


? 


The average rate of increase in rotation per 0°06 gram of sodium 
hydroxide is 0°14° in experiments 2—7, and 0°24° in experiments 
7—9. The equivalent of alkali is present in experiment 9. 


TABLE IT. 


Changes in the rotation of solutions of fructoboric acid (equi- 
molecular proportions of fructose and boric acid) on the addition 
of increasing quantities of sodium hydroxide. 
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Each solution contained 0°7665 gram of boric acid and 2°2253 
grams of fructose, and after the addition of the sodium hydroxide 
was made up to 50 c.c. 


Gram of Reaction to 
Expt. NaOH. Rotation. [a],. phenolphthalein. 

1 Nil — 7°79° — 87°76° Acid 

2 0°03 7°18 80°66 x 

3 0:06 6°70 75°27 a 

4 0-09 6°17 69°31 a 

5 0°165 4°92 55°27 - 

6 0-18 4°61 51°79 = 

7 0°24 4°04 45°38 ee 

8 0°30 3°59 40°33 - 

9 0°36 3°37 37°86 Neutral 
10 0-495 3°14 35°27 Alkaline 
ll 0-60 3°89 43°70 a 


The average rate of decrease in rotation in experiments 2—7 is 
0'55° per 0°03 gram of sodium hydroxide. After this it falls with 
each addition, reaching a minimum in experiment 10, when the 
equivalent is present. A slight precipitate formed in experiment 11. 


TABLE III. 


Changes in the rotation of solutions containing two molecular 
proportions of mannitol to one of mannitoboric acid on the addition 
of increasing quantities of sodium hydroxide. 

The solutions in each case contained 0°511 gram of boric acid 
and 4°5 grams of mannitol, and after the addition of the sodium 
hydroxide were made up to 50 c.c. 


Gram of Reaction to 
Expt. NaOH. Rotation. [a],- phenolphthalein. 

1 Nil + 0°20° + 111° Acid 

2 0°12 0°47 2°61 sa 

3 0-20 0°73 4°05 a 

4 0°24 0°84 4°69 - 

5 0°33 l-1l 6°16 Neutral 

6 0°42 115 6°39 Alkaline 


The average rate of increase in rotation in experiments 1—5 is 
0'17° per 0°06 gram of sodium hydroxide. One molecular proportion 
of alkali is present in experiment 5. 


TABLE LV. 


Changes in the rotation of solutions containing two molecular 
proportions of fructose to one of fructoboric acid on the addition 
of increasing quantities of sodium hydroxide. 

The solutions contained 0°2555 gram of boric acid and 2°2253 
grams of fructose, and after the addition of the sodium hydroxide 


were made up to 50 c.c. 
3A2 
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Gram of Reaction to 
Expt. NaOH. Rotation. [a],. phenolphthalein. 

1 Nil — 783° — 87°85° Acid 

2 0:06 6°74 75°72 a 

3 0-09 6°20 69°65 - 

4 0-12 5°72 64°26 o 

5 0°165 5°06 56°85 Neutral 

6 0-21 6°07 68°19 Alkaline 


The average rate of decrease in rotation in experiments 1—5 is 
0°50° per 0°03 gram of sodium hydroxide. One molecular pro- 
portion of alkali is present in experiment 5. A slight precipitate 
formed in experiment 6. 


TABLE V. 


Changes in the rotation of solutions of sodium mannitoborate on 
the addition of boric acid (expts. 1—4) and of sodium metaborate, 
that is, equimolecular proportions of boric acid and sodium 
hydroxide (expts. 5—9). 

The solutions in experiments 1—7 were made up to 50 c.c. and 
in experiments 8 and 9 to 100 c.c. 


Mol. of Mols. Mols. Grams Grams Grams Reaction to 
mann- of of ofmann- of of Rota- phenol- 
Expt. ito H,BO, NaOH. itol, H,BO,; NaOH. tion. [a]p. phthalein. 
1 1 1 1 15 Od511 O33 + 1°33° + 22°17° Alkaline 
2 - 2 - an 1-022 om 1°30 21°67 Neutral 
3 - 3 a - 1°533 = 1°17 19°50 Acid 
4 - 4 na os 2-044 ~ 1°05 17°50 ~ 
5 ~ 2 2 ‘a 1-022 0°66 1°85 30°83 Alkaline 
6 =~ 3 3 je 1-533 0°99 2°03 33°83 ‘i 
7 a 4 4 os 2°044 1°32 2°12 35°33 s 
8 = 6 6 ma 3°066 1:98 lll 37°00 ia 
9 ‘i 8 8 a 4088 2°64 1°13 37°66 a 
TaBLe VI. 


Changes in the rotation of solutions of sodium fructoborate on 
the addition of boric acid (expts. 1—4) and of sodium metaborate 
(expts. 5—7). The solutions were made up to 50 c.c. 


Mol. Mols. Mols. Grams Grams Grams Reaction to 
of of of of of of Rota- phenol- 
Expt. fructose. H,BO,. NaOH. fructose. H,BO,. NaOH. tion. [4]. phthalein. 
1 1 1 1 1-4836 0-511 0°33 — 2°02° — 34:04° Alkaline 
2 a 2 ~ ‘a 1-022 ~ 2°07 34°88 Acid 
on 3 a — mae 2-20 37:07 sé 
4 = 4 - a 2-044 - 2°34 39°43 - 
5 a 2 2 - 1022 0°66 1°54 25°95 Alkaline 
. 3 3 3 » 1533 099 1:35 22-75 ¥ 
7 Ba 4 4 ” 2°044 1°32 1°17 19°71 - 


Precipitates formed in experiments 5, 6, and 7. 


Maypote RESEARCH LABORATORY, 
SouTHALL. [Received, March 16th, 1922. 
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CLIX.—The Variation of Refractive Index and Density 
of Benzene with Temperature. 


By Witi1aM BayLey PARKER and GARTHA THOMPSON. 


SomE months ago the authors required information as to the 
variation of the refractive index of benzene with temperature, 
but as very few data on the subject could be found it was decided 
to carry out a series of determinations at temperatures between 10° 
and 70°. 

The benzene, purchased as being the purest obtainable (guaran- 
teed free from thiophen), was twice distilled over sodium to remove 
any possible trace of water, and it was noted that the boiling point 
was normal. 

A Pulfrich refractometer, constructed and recently calibrated 
by Messrs. Adam Hilger, Ltd., was used. Temperature control 
was maintained by allowing a stream of water to flow through the 
jackets enclosing the prism and cell and through the tubular 
heater; the temperature of the outflowing water was determined 
by a mercury thermometer in the heater.* There was no difficulty 
in maintaining the circulating water constant in temperature. It 
was often found necessary to take readings over a period of ten 
minutes or longer before a constant reading of the emergent ray 
could be obtained. A sodium flame was used as illuminant through- 
out. Two series of determinations of the refractive index were 
made, at an interval of several weeks (see Table I). 

From the values of the refractive index, the temperature co- 
efficients (that is, the change in refractive index per degree centi- 
grade) were calculated. The density of benzene (referred to water 
at 4°) was determined with a calibrated silica bottle at various 
temperatures. 

From the tables it will be seen that the temperature coefficient 
of the refractive index is not constant, but increases slightly but 
continuously with the temperature. 

The values of four expressions for the specific refraction were. 

n=—1 1 


calculated. The expression ee (Lorentz and Lorenz) in- 


* It has been suggested to us that the temperature control in the Pulfrich 
refractometer is imperfect, especially at higher temperatures, and that there 
is a difference between the real temperature of the liquid under examination 
and the reading of the thermometer in the circulating water. We do not, 
however, believe that the results submitted in this paper are subject to any 
serious correction on this ground. 
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n—l1 
d 
The formula due to Eykman, 


creases slightly with temperature, whilst (Gladstone and 


Dale) gradually decreases. 
n? — ] 

n+0-4 d’ 
variations of these formule have been made, and it has been found 
n* — 1-15 


gives far more constant results. Calculations using 


that the expression 


than Eykman’s formula. 


m+il od 
The results calculated according to the 


gives somewhat better results 


last expression are recorded in the last column of Table III. 


TABLE I. 


Variation of Refractive Index and Temperature Coefficient with 
Temperature. 


lst Series of Determinations. 


Mean value 


2nd Series of Determinations. 


Temperature for temp. Temperature 

Temp. n. coefficient. coefficient. Temp. nr. coefficient. 

10° 1°506792 ,10° _ o. 
10°5  1-506538 “17> — 2.000508 
11-0 1:506051 “ir =0°000741 
12-0 1505543 | 
tg Laparay @z~=0°000670 0-000636 
16°8 1°502328 
20°0 1°500307 a” —0-000663 20°0° 1:°500096 
- « 25° 20° __ 4) 
25-0 1:496991 o3 — 9.900597 6 a2"; — 0-000610 
31:0 1°493408 ~s! 31:0 1°493384 
—s + a!” —0-000669 31:0 1°493384 
, 4907 A ‘ 
40-0 1-487573 “ar =0°000632 9.909659 ai: = 0-000651 
42°6 1°485641 a} —0-000676 — 
43°0 1°485545 43°0 1°485570 
430 1:485545 a! —0-000663 43-0 1-485570 
50'0 1480005 ox =0-000654 —0-000666 ai —0-000663 
55°0 1477637 5; 0-000683 60 
60°0 1:474218 %60° = 60°0 1°474293 
60-0 1474218 6 _9-00065 600 1-474293 
65-0 1470952 “ee a aaaen 0-000679 a®®, = 0-000674 
70°0 1°467427 “w 70°70 1:467552 
TABLE II. 
Variation of Density with Temperature. 

Temperature. Density. Temperature. Density. Temperature. Density. 
10° 0°8878 31°0° 0°8659 50-0° 0°8456 
15°5 0°8824 35°0 0°8612 55°0 0°8403 
20°0 0°8776 40-0 0°8559 60:0 0°8358 
23°0 0°8741 43°0 0°8533 65-0 0°8292 
26°0 0°8715 45°0 0°8503 70°0 0°8237 


SAL’ 


Cali 


CL 


ith 


ns, 


ure 
it. 


10 


SALWAY AND WILLIAMS: THE CATALYTIC OXIDATION, ETC. 1343 


TaBsce III. 
Calculation of the Specific Refraction at Various Temperatures. 


Refractive Specific refraction. 
index. Lorentz Gladstone 
Mean value and Lorens. and Dale. Eykman. 
of the at—1 2 nl wt—) 1 nt —115 1 
Temp. two series. Density. yn? 42 d° ad n+04' dad w+ili da 
20° =-1°500201 = 0°8776 0°3353 0°5701 0°7499 0°3858 
31 1°493396 0°8659 0°3358 0:5701 0°7502 0°3861 
43 1°485557 0°8533 0°3362 0°5698 0°7502 0°3863 
60 1°474256 0°8358 0°3363 0°5675 0°7491 0°3858 
70 1467489 0°8237 0°3373 0°5675 0°7496 0°3858 


In conclusion, the authors desire to express their thanks to the 
Directors of The British Thomson-Houston Company, Limited, 
for permission to publish the results. 

CHEMICAL DEPARTMENT (RESEARCH SECTION), 


Tue British THomMson-Hovuston Company Lrp., RuaBy. 
[Received, March 25th, 1922.] 


CLX.—The Catalytic Oxidation of Saturated Paraffin 
Hydrocarbons and Fatty Acids. 


By Arruur Henry Satway and Percy Nort WILtiams. 


For a number of years there has been considerable activity dis- 
played in the investigation of methods for the oxidation of mineral 
oil and paraffin wax, with the object of producing fatty acids suit- 
able to industrial use. The method of oxidation usually adopted 
for this purpose consists in the catalytic oxidation of the hydrocarbon 
with air or oxygen. 

Numerous investigations of the character of the acidic products 
obtained by this process have been made. In the earlier researches 
of Charitschkoff (J. Russ. Phys. Chem. Soc., 1908, 40, 652, 1757; 
1909, 44, 345, 1150) on the atmospheric oxidation of Caucasian 
oil in the presence of alkali, it is shown that the principal products 
are highly oxygenated acids, which are considered to consist of 
monobasic acids containing two hydroxyl groups, and to be derived 
from the naphthenes in the original oil. In the more recent inves- 
tigations of Bergmann (Z. angew. Chem., 1918, 31, 69), Kelber 
(Ber., 1920, 53, [B], 66, 1567), Fischer and Schneider (ibid., p. 922), 
Griin (ibid., p. 987), Schaarschmidt and Thiele (¢bid., p. 2129), and 
Loffl (Chem. Zig., 1920, 44, 561), in which the oxidation of paraffin 
wax under varying conditions of temperature and pressure, and 
with the use of various catalytic agents is investigated, it is shown 


1344 SALWAY AND WILLIAMS: THE CATALYTIC OXIDATION 


that the product in all cases contains a large number of substances, 
Amongst these have been identified the normal fatty acids from 
formic to arachidic acid. There are present also, according to 
Bergmann (loc. cit.), lignoceric acid (C,,H,,0,) and two new acids, 
C,gH3,0, and C,,H,.0,, isomeric with palmitic and undecenoic 
acids respectively. In addition to these compounds, ketones, 
alcohols, and _ ester-like substances have been detected in the 
oxidation product, but not identified. 

It is clear from these results that when paraffin wax is oxidised 
a very complex mixture of substances is obtained, the identification 
of which is a matter of considerable difficulty. As paraffin wax is 
itself a mixture of paraffin hydrocarbons and probably also contains 
naphthenic hydrocarbons, it was thought that a better insight 
into the nature of the reaction would be obtained by investigating 
the oxidation of pure substances of known composition. Accord- 
ingly hexadecane was chosen as a suitable example of a paraffin 
hydrocarbon,* and preliminary experiments were undertaken with 
this substance. In the course of the experiments it became obvious 
that the fatty acids produced by the oxidation themselves undergo 
further change, and hence it appeared probable that the nature 
of the reaction could best be studied by an investigation of the 
products from the catalytic oxidation of fatty acids. 

In the present paper are described some preliminary experiments + 
on the chemical character of the products obtained when stearic 
acid is subjected to oxidation with oxygen in the presence of man- 
ganese stearate as catalyst. It has been found that the reaction 
in this case also, leads to the formation of a complex mixture of 
substances, the complete identification of which has not been 
possible. The product contains several members of various 
classes of compounds including monocarboxylic acids of the fatty 
series, dicarboxylic acids of the malonic series, together with 
lactones and lactonic acids. Carbon dioxide and formic acid are 
also produced during the oxidation. 

It is evident from the experimental results that the molecule of 
stearic acid is attacked at several points in the chain of carbon 
atoms, leading primarily to the formation of hydroxy-acids or 
lactones, which are then further oxidised and degraded. 


* It has been recently shown by Francis (this vol., p. 496) that the normal 
paraffin hydrocarbons in paraffin wax are not affected under certain con- 
ditions of catalytic oxidation. In the usual methods of oxidation, in which 
metallic hydroxides are used as catalysts, the saturated paraffin hydrocarbons 
are also oxidised. 

t The results of these experiments, although incomplete, are now recorded 
as further collaboration of the authors is, owing to circumstances, no longer 
possible. 
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As a similar series of products was obtained when hexadecane 
was subjected to the same process of catalytic oxidation it is 
probable that the primary product in this case is a fatty acid. 
It has already been suggested by Engler in explanation of the 
oxidation of saturated paraffins at a high temperature that the 
hydrocarbon first decomposes forming hydrogen and an unsaturated 
hydrocarbon, which is then attacked by the oxygen. Assuming 
that a similar change takes place at a much lower temperature in 
the presence of a catalyst, the primary changes in the oxidation 
of hexadecane may be represented thus : 

CH,*[CH,],3°CH,-CH, —> CH,°[(CH,],,°CH:CH, —> 
CH,'[CHg],5°*CO.H + H-CO,H. 

The fatty acid thus produced then undergoes secondary oxidation 

and degradation as already indicated. 


ExPERIMENTAL. 


A—The Chemical Character of the Acids produced from Stearic Acid 
by Catalytic Oxidation. 

The method of oxidation adopted consisted in heating stearic 
acid at 120—130° with 2 per cent. of manganese stearate and 
passing a current of oxygen through the mixture for twenty-four 
hours. 

The preliminary experiments showed that when pure stearic 
acid is subjected to this treatment the oxidised mixture contains a 
considerable proportion of lactonic substances, whilst the gas 
evolved contains carbon dioxide, formic acid, and some lower 
fatty acids. 

A more comprehensive investigation of the chemical character 
of the product and the relative proportions of the various sub- 
stances formed was next undertaken. For this purpose 100 grams 
of stearic acid were oxidised by the above-described method, and 
the reaction product was separated into (1) volatile acids carried 
away by the current of oxygen and collected in a scrubber containing 
aqueous sodium hydroxide, (2) acids soluble in water, and (3) acids 
insoluble in water. 

The volatile acids (1) amounted to approximately 5 per cent. 
of the original acids and were found to consist of 1 per cent. of 
carbon dioxide, 2-5 per cent. of formic acid, and 1-5 per cent. of 
other acids including acetic and higher fatty acids. 

The acidic products soluble in water were extracted by agitating 
the reaction mixture with a large volume of hot water (2—3 litres). 
They were separated by steam distillation into volatile and non- 


volatile acids. The former, amounting to 3 per cent. of the original 
3 a* 
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stearic acid, had an average molecular weight of 74 and contained 
formic, acetic, and butyric acids. The latter, amounting to 5 per 
cent. of the original material, contained dibasic acids. Thus, for 
example, it yielded, by fractional crystallisation from water, a 
small amount of crystalline solid melting at 105—120°, which had 
a neutralisation value of 479. Although this substance was not 
obtained in the pure condition, there is no doubt from its general 
properties that it consists of a dibasic acid—or mixture of dibasic 
acids—of the malonic series (brassylic acid, neutralisation value 
460; m. p. 114°). 

The main product of the oxidation remaining after the removal 
of the water-soluble acids amounted to 86 per cent. of the original 
stearic acid. It was first freed from manganese by washing with 
dilute hydrochloric acid and water successively. The material 
then had a neutralisation value of 206, but a saponification value 
of 244. The difference between these two values indicated the 
presence of lactonic substances, anhydrides, or esters. The high 
saponification value compared with that of the original stearic 
acid (198) also suggested the presence of fatty acids of lower 
molecular weight than stearic acid. 

The product was separated into a series of fractions of varying 
solubility by fractional crystallisation from alcohol. The more 
sparingly soluble fraction, amounting to 40 per cent. of the whole, 
consisted of stearic acid. The most soluble fraction, also amounting 
to 40 per cent. of the whole, had the following constants : neutral- 
isation value 200; saponification value 268; m. p. 33—38°; 
average molecular weight 209. It is evident that this fraction is 
rich in lactonic constituents and contains acids of lower molecular 
weight than the original stearic acid. 

The lactonic constituent in the above mixture is easily saponified 
in the presence of an excess of alkali, but if mineral acid is added 
to the soap solution, the liberated acid is immediately transformed 
to lactone again; ‘being in this respect similar in behaviour to 
stearolactone. The presence of such a lactone renders it difficult 
to prove the presence of small quantities of the true fatty acids. 
An attempt was made, however, to isolate fatty acids of low 
molecular weight from the material by fractional distillation in 
superheated steam.* Only 10 per cent. of the material could be 


distilled without decomposition. It melted at 42—45°, was free | 
from lactonic constituent, and had an average molecular weight — 


of 245. 


* The investigation of these products either by direct distillation or con- © 
version into methy] esters and fractional distillation is attended with difficulties — 
on account of the ensuing decomposition. 


con- 


Ities © 
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From these results it is clear that only very small quantities of 
the true fatty acids of lower molecular weight than stearic acid 
are present. The main bulk of the material, whilst showing an 
average molecular weight (calculated as monobasic acids) corre- 
sponding to lauric acid, is not readily distilled in steam and 
evidently consists of hydroxy-acids and their lactones. 

The Lactonic Constituents—With the object of isolating the 
lactones, a portion of the original oxidation product was just 
neutralised with cold alcoholic sodium hydroxide, and the solution 
then mixed with water and extracted with light petroleum. The 
extract, which should contain the lactones together with any 
neutral substances in the original product, was then heated with 
an excess of alkali and the solution again extracted with light 
petroleum. In this way a soap, derived only from the lactone, 
was obtained. This, on acidification, yielded only a small quantity 
(1 per cent. of the original product) of a lactone. It consisted of a 
pasty solid, and had a saponification value of 103. This lactone 
is evidently a condensation product (JJ = 545). 

The amount of lactone obtained in this experiment was much 
less than would be expected from the constants of the original 
oxidation product. The explanation was subsequently found to 
lie in the fact that the lactonic constituent is not a simple lactone, 
but is both acidic and lactonic. 

Thus, for example, when a solution of the product of oxidation 
was agitated with cold aqueous sodium carbonate, the lactonic 
ingredient was extracted, as shown by the fact that the extracted 
product had a neutralisation value of 184, but a saponification 
value of 312, from which it is clear that the extract must contain 
lactonic acids. The separation and identification of the individual 
lactonic acids in this mixture has not at present been accomplished 
and is a subject for further investigation. In all probability they 
consist of lactones derived from dibasic acids, and having the 
general formula ae ee 
B.—The Oxidation of Hexadecane with Oxygen in the Presence of 

Manganese Stearate. 


The hexadecane used in these experiments was prepared from 
cetene by catalytic reduction with hydrogen and nickel. The 


] hexadecane thus obtained (b. p. 275—280°; bromine value 0) 


was subjected to oxidation by passing a current of oxygen through 
the liquid at 120° in the presence of 2 per cent. of manganese stearate 
for twenty-four hours. The volatile substances carried away in 


] the current of oxygen and absorbed in aqueous sodium hydroxide 


3a*2 
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were found to contain carbon dioxide, formic acid, and small 
quantities of acetic and butyric acids. They amounted to 4 per 
cent. of the original material. 

The rest of the reaction product contained 70 per cent. of acidic 
substances and 30 per cent. of unchanged hexadecane. The latter 
was removed by dissolving the mixture in light petroleum and 
extracting the acids with dilute sodium hydroxide. The acidic 
substances thus extracted consisted of a pale yellow oil and had 
the following analytical constants: neutralisation value 241; 
iodine value 0-7; d3 0-9611 (Found: C= 644; H= 115; 
O = 24-1 per cent.)* It is evident from these results that the 
product contains a considerable proportion of hydroxy-acids. 

In order to ascertain whether the mixture contains any true 
fatty acid, it was subjected to fractional distillation in superheated 
steam. Approximately 20 per cent. of the acids were volatile 
without decomposition. These acids corresponded in neutralisation 
value and boiling point with the fatty acids hexoic to nonoic. 

* The remaining acids were not distillable without decomposition. 
They were found to consist largely of lactonic acids similar in 
general character to those produced by the oxidation of stearic acid. 


The authors desire to express their thanks to Messrs. Lever Bros. 
for permission to publish these results, and to Mr. R. Thomas, 
M.Sc., for helpful suggestions in connexion with the production of 
active manganese catalyst for the oxidations. 


ReseEarcu LABORATORY, 
Port SUNLIGHT, CHESHIRE. [Received, April 13th, 1922.] 


CLXI.—Catalytic Racemisation of Optically Active 
Acid Amides. 


By Avex. McKenzie and Isopet AGNEs SMITH. 


In continuation of recent investigations on catalytic racemisation 
(McKenzie and Wren), the present communication deals in the first 
instance with the action of alkali on /-mandelamide. Under the 
conditions quoted in the experimental section, the mandelic acid 
obtained by heating the amide with an excess of aqueous potassium 
hydroxide gave the value [«], — 30° in aqueous solution, a figure 
which is far short of that for /-mandelic acid. The racemisation 
was complete when ethyl-alcoholic alkali was substituted for aqueous 
alkali as the hydrolytic agent. When the amide was hydrolysed 
by aqueous alkali insufficient in amount for the complete hydrolysis, 


Se le 
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the amide which survived the attack had only [«], — 7°7° in aqueous 
solution as contrasted with [«], — 96° for the original material, 
whereas with ethyl-alcoholic alkali the recovered amide was optically 
inactive. 

An illustration is thus afforded of the distinct difference in racemis- 
ing power between aqueous and alcoholic alkali, although in com- 
parison with the action of alkali on ethyl /-mandelate (T., 1919, 115, 
602) the effect of the aqueous alkali on the amide was greater than 
was anticipated. The total racemisation induced by the alcoholic 
alkali is to be attributed to the presence of potassium ethoxide. 

At least three distinct reactions are involved in the employment 
of aqueous alkali, (1) the catalytic racemisation of the l-amide, 
(2) the hydrolysis of the r-amide formed in the first reaction, and 
(3) the hydrolysis of that portion of the l-amide which survived the 
racemising effect of the alkali. With alcoholic aikali, the whole 
of the amide is catalytically racemised, and we are thus concerned 
only with reactions (1) and (2), the velocity of reaction (1) being 
probably greater in alcoholic than in aqueous solution, and the 
racemisation being complete before the conclusion of the hydrolysis. 

It was next found that the addition of a small quantity of 
alcoholic alkali to an ethyl-alcoholic solution of /-mandelamide 
caused the rotation to drop gradually to the zero point, at which 
stage the solution was still alkaline and contained the r-amide. 
l-Mandelamide lends itself particularly well for the illustration of 
this effect, because with the concentration of alkali used the 
hydrolysis can only be slight at the ordinary temperature. The 
novelty of the observation lies in the proof that an optically active 
acid amide can be racemised with such remarkable ease at the 
ordinary temperature. 

The simplest representation of the action is based on the assump- 
tion of a mobile hydrogen atom in the amide : 


Ph .-H Phin OH _. Ph. -H 
oH>C<co-nH, —* OH? C-C<yH, > OH?E<co-NH, 
(Levo.) (Inactive. ) (Inactive.) 


This picture is, however, nothing more or less than a very con- 
venient working hypothesis which has been of service as a guide. 
There appears to be no valid experimental evidence that a compound 
of the formula OH-CPh:C(OH)-NH, can have an existence which 
is more than transient. Contrasted with acetoacetic ester—a 
definite equilibrated mixture of two compounds—mandelamide in 
alcoholic solution is, in our opinion, no such mixture, and contains 
no enolic form in equilibrium with the ketonic form. Never- 
theless, the proof that desmotropic change does occur is provided 
in the present results, but the enolisation takes place, not with the 
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amide itself, but probably with some additive compound formed by 
the combination of the amide with potassium ethoxide. The 
following is suggested as a representation more in accordance with 
the facts than that given above : 


OH 
oa —- Ph— —H — EtOH 


——> 


C—NH, 
Pie 
KO OEt 


(Levo.) (Inactive.) 
OH OH 
—- Ph—C—H T H—O—Ph 
CO-NH, CO-NH, 
l. + d- 


— 4 


(Inactive. ) 


On a similar assumption, the catalytic racemisation of amygdalin 
studied by Walker (T., 1903, 83, 472) would in its simplest form be 
depicted as follows : 

Ph H i — 
CgHg,0y°07 CSCN mea Cig, 0907 CONE << 
Amygdalin. Ph >c cH 
Cy2H210j9°0 CN" 
isoA mygdalin. 


The conversion of J-mandelonitrile glucoside into prulaurasin 
(Caldwell and Courtauld, T., 1907, 91, 671) might be represented in 
a similar fashion. It would be of interest to test this point with 
other optically active nitriles, but compounds of this class are 
unfortunately not readily available at present. 

A number of optically active amides have also been brought 
within the scope of the present research. /-Atrolactinamide, 
OH-CPhMe-CO-NH,, where the methyl group has the place of the 
migrational hydrogen atom of /-mandelamide, should exhibit no 
tendency to undergo desmotropic change. This amide was accord- 
ingly found to undergo no catalytic racemisation by alkali. In 
l-«-methoxyphenylacetamide, OMe-CHPh-CO-NH,, the effect of 
the methoxy-group in place of the hydroxy-group of mandelamide 
is to increase the mobility of the migrational hydrogen atom. 
From the partial hydrolysis of this amide with half of the calculated 
quantity of alcoholic alkali, the unhydrolysed amide, as well as the 
methoxy-acid obtained from the potassium salt, were completely 
inactive. The great tendency of this amide to racemise was 
further seen in the behaviour of its alcoholic solution with a small 
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quantity of alcoholic alkali at the ordinary temperature. The 
effect of substituting an aryl group for the hydroxy-group in 
|.mandelamide was studied with J/-phenyl-p-tolylacetamide, 
(,H,Me-CHPh-CO-NH,, which is even more susceptible to alcoholic 
alkali than is 1-phenylmethoxyacetamide. 

These results may be correlated with the conceptions of Tiffeneau 
and of Meerwein on the mechanism of the pinacolin transformation. 
For example, in the conversion of ««-diphenyl-£8-dimethylethylene 
glycol into «aa-diphenyl-«-methylacetone (Meerwein, Annalen, 
1919, 419, 124), the stability of the hydroxy-groups is the determin- 
ing factor, and this in turn depends on the relative strengths of 
attachment of the phenyl and methyl groups to the carbon atoms, 
thus : 


a Me —> PhSC-COMe, 
Me” 
OH OH 


where the bond of union between the phenyl group and the carbon 
atom is stronger than that between the methyl group and the 
carbon atom. Consequently, the residual affinity available for the 
retention of the hydroxy-group to carbon atom (a) is less than 
that available for the other hydroxy-group attached to (b). On 
dehydration of the glycol the union between (a) and its hydroxy- 
group is supposed to be severed. On the same reasoning we have 
the formule : 


Pho .H Ph H Ph H 
No ? ; Nc. Nc oo 
OH’ \CO-NH,’ OMe” CO-NH,’ C,H,4 ‘CO-NH, 


where the difference in mobility between the migrational hydrogen 
atoms in the three amides is represented by the dotted lines, the 
hydrogen atom being more loosely bound in «-methoxyphenyl- 
acetamide than in mandelamide, and more loosely still in phenyl- 
p-tolylacetamide. The rate at which an amide is racemised by 
alcoholic alkali presumably depends on the ease with which the 
attachment of the migrational hydrogen atom to the asymmetric 
carbon atom can be severed. 

l-Mandeloethylamide, OH-CHPh-CO-NHEt, was chosen as a 
fourth type. From its partial hydrolysis with half the calculated 
quantity of alcoholic alkali the amide recovered was inactive. At 
the ordinary temperature, the alcoholic solution underwent slow 
racemisation with alkali. It would appear that substitution of 
an ethyl group in place of a hydrogen atom in the -CO-NH, complex 
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exercises a certain protective influence against racemisation and 
renders the migrational hydrogen atom less mobile. 
In the foregoing cases, it will be observed that the compounds 


examined all have a phenyl group directly attached to the asym. In 
metric carbon atom. We therefore investigated d-«-hydroxy-8. § pron 
phenylpropionamide, CH,Ph-CH(OH)-CO-NH,, where the phenyl §) and 
group is separated from the asymmetric carbon atom by the proc 
methylene group. This prevents the phenyl group playing the 9} The 
same role as in mandelamide; the benzyl group being less firmly F of t! 
bound to the asymmetric carbon atom than is the phenyl group, § cata 
the migrational hydrogen atom is more firmly bound than in § gin 
mandelamide. The amide in question is, in fact, a substance alco 
which in the presence of alcoholic alkali does not undergo catalytic § the 
racemisation, its behaviour recalling that of atrolactinamide. f of 1 
This example is particularly interesting, inasmuch as it shows that § diti 
a compound may contain the racemisable system, >CH:CO-NH,, pur 
and yet be quite stable. The observations made with this amide Ag: 
were not unexpected in the light of previous results with ethyl (a), 
l-x-hydroxy-$-phenylpropionate, where the ester recovered from tio 
the partial saponification had not undergone racemisation (T., pos 
1920, 117, 680). the 

The effect of the separation of the acid—amide group from the of 
asymmetric carbon atom was next examined with /-8-hydroxy- pre 
6-phenylpropionamide, OH*CHPh-CH,°CO-NH,. Although the [a] 
phenyl group is attached to the asymmetric atom, the racemisable al 
system, >CH-CO-NH,, is absent, and the amide of the 8-hydroxy- be 


acid should be stable towards the racemising agent. This was 
borne out by experiment. 

It was expected that aliphatic amides would in the absence of 
an aryl group display little, if any, tendency to racemise with 
alcoholic alkali. d-Tartramide was found to be quite stable. The 
addition of methyl-alcoholic potash to a methyl-alcoholic solution 
of /-maldiamide caused the rotation to rise slightly; the observed 
angle then dropped very slowly to a value only slightly below that 
of the initial one. There was no definite proof that racemisation 
had occurred in this case. On the other hand, a trace of ethyl- 
alcoholic potash added to an ethyl-alcoholic solution of /-mono- 
methoxysuccinamide caused a drop from a, — 0°42° to ap — 0°05° 
in seventeen days, a drop too great to be ascribed to hydrolysis. 
This recalls the comparison already made between /-mandelamide 
and l-«-methoxyphenylacetamide, the methoxy-group possibly 
inducing enolisation. The same influence apparently comes into 
play with d-dimethoxysuccinamide, but there was no evidence of 
catalytic racemisation with d-monoethoxysuccinamide. 
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EXPERIMENTAL. 
]-Mandelamide. 
In the preparation of /-benzoin by the action of magnesium pheny] 


Xy-8- F) promide on l-mandelamide (McKenzie and Wren, T., 1908, 93, 309, 
lenyl |) and subsequent papers), difficulties were frequently encountered in 
~ the procuring the optically pure l-amide from methyl /-mandelate. 
' the §} The reason for the somewhat varying values of the specific rotation 
rmly F of the amide was puzzling at that time when our knowledge of the 
oup, Ff catalytic racemisation of esters was more restricted than now. 


n in — Since the preparation was carried out by passing ammonia into an 
ance F alcoholic solution of the ester, it is by no means improbable, in 
ytic F the light of our present knowledge, that slight catalytic racemisation 
ide. F of the ester may occasionally have taken place under those con- 
‘hat ditions, with the result that the crude amide would not be optically 
H,, pure, and some of the data quoted by Wren support this suggestion. 
ide Again, Wren found that partly racemised /-mandelamide, with 
hyl {z]p — 60° in acetone solution, could not be purified by crystallisa- 
om tion so as to give the homogeneous amide, and he suggested that 
T., possibly r- and l-mandelamide form mixed crystals. Even when 
the value of the specific rotation is as high as 68°, the purification 
he of the amide is not economically effected by crystallisation, as the 
y- present authors now find. Thus crude d-mandelamide (with 
he [x] + 68°1° in acetone solution), when crystallised three times from 
ile a mixture of benzene and acetone, gave [«], + 70°7°, which is 4° 
y- below the figure quoted by Wren for the homogeneous amide. 
aS For the purpose of the present work, /-mandelamide was prepared 
from ethyl /-mandelate, with m. p. 24°5° and [a«]) — 202°4° (¢ = 
of 2:1568) in carbon disulphide solution, by shaking at the ordinary 
h temperature with water saturated with ammonia at 0°. Aqueous 
le was used in preference to alcoholic ammonia as being less likely to 
a induce racemisation. The crystals which separated first were 
d nearly pure, but the subsequent deposits contained a small amount 
t of the r-amide, so that even under those mild conditions some 
; racemisation does occur. J-Mandelamide gave the following values : 


In aqueous solution, 1 = 2, c = 1838, ap — 3°51°, [a]p — 95°5°. 

In ethyl-alcoholic solution, 1=2, c= 1°9932, a) — 2°36°, 
[aly — 59°2°. 

In acetone solution, 1 = 2, c = 1°6528, ap — 2°47°, [a], — 74°8°. 

The acetone employed in the preceding determination was 
Kahlbaum’s product purified through the bisulphite compound. 
With fermentation acetone, a somewhat higher value was obtained, 
namely : 


1 = 2, c = 1°6248, a, — 2°47°, [a], — 76°, 
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the same sample of amide giving under similar conditions of 
temperature and concentration [a], — 743° with Kahlbaum’s 
acetone. The higher value with fermentation acetone cannot be 
ascribed to the presence in it of methyl ethyl ketone, since a 
specimen of /-mandelamide with [a], — 72°7° in Kahlbaum’s 
acetone gave [«], — 64°7° (c = 1°7552) in methyl ethyl ketone. 


The following are some of the results on the hydrolysis of the | 


amide. 


boiling water-bath with 23°5 c.c. of aqueous alkali (2 mols.). Any 


With Excess of Aqueous Potassium Hydroxide.—1‘019 Grams of f 
the l-amide (1 mol.) were heated for two hours under reflux in a fF 


unhydrolysed amide was removed by repeated extraction with F - 


ether, and the mandelic acid obtained from the potassium salt by 
acidification and extraction with ether gave [«], — 30° (¢ = 2:003) 
in aqueous solution. 

With Excess of Ethyl-alcoholic Potassium Hydroxide.—l-Amide, 
1-032 grams (1 mol.); alkali, 23°5 c.c. (2 mols.); heating, two hours 
at gentle boiling; both the unhydrolysed amide and the mandelic 
acid from the potassium salt were optically inactive. 

The amide (1°058 grams) was heated for two hours with 50 c.c. of 
water, and underwent no appreciable racemisation by this treat- 
ment. 

With Insufficiency of Aqueous Potassium Hydroxide.—l-Amide, 
2°0576 grams (1 mol.); alkali, 31°9 c.c. (} mol.); heating at 100°, 
two and a half hours; recovered amide, 0°9661 gram with [«], — 7°7° 
(c = 1°7) in aqueous solution; mandelic acid from potassium salt, 
[a], — 49°2° (c = 2°011) in aqueous solution. 

With Insufficiency of LEthyl-alcoholic Potassium Hydroxide— 
l-Amide, 2°0238 grams (1 mol.); alkali, 30°3 c.c. (} mol.); heating, 
two hours; recovered amide, 1:2179 grams, optically inactive; 
mandelic acid, inactive. 

Catalytic Racemisation at the Ordinary Temperature.—l-Amide 
with [a], — 59°2° (c = 19932) in ethyl alcohol; « in 2-dem. tube, 
— 2:36°. One c.c. of ethyl-alcoholic potassium hydroxide 
(0°6518N) was added to the solution (15 c.c.) in the polarimeter 
tube, and readings were taken at intervals as follows (¢ denotes the 
interval after the addition of alkali) : 


t. ap- t. ap- t. ap- t. ap- 
10 min. — 2°43° 23 hours — 211° Tdays —0°81° I6days — 0°23° 
30 2.40 30 ,, 1:99 8 ws 0-76 19 ,, 0-11 
1 hour 2°38 47 ~=«,, 1-82 o ws 0°69 20 ,, 0:07 
2 hours 2:36 54 CC, 1-76 12 ,, 0-40 22 ,, 0-04 
iz 2°35 5 days a ae 033 23 ,, 0-00 
54 232 6 ,, 105 14 ,, 0°25 


After twenty-three days, the solution was still alkaline. The 
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amide present in it was isolated, and identified by its melting point 


as r-mandelamide. 

It will be observed from the above figures that after the solution 
which had «) — 2°36° had been diluted with 1 c.c. of ethyl-alcoholic 
alkali the value was % — 2°43°. Although this increase is slight, 


28 


Time in days. 
— 
o 


_ 
bo 


2° 4° 6° 8° 
Observed rotation. 
I. Mandelamide. II. «-Methoxyphenylacetamide. III. Mandeloethylamide. 


itis definite, and a similar increase occurred in other cases, not only 
with J-mandelamide itself, but also with other amides. It is not 
unlikely that this initial rise in optical activity has its cause in a 
combination occurring between amide and potassium ethoxide as 
suggested on page 1350. Additive compounds of amides and sodium 
ethoxide have been isolated by Cohen and Archdeacon (T., 1896, 
69,91. Compare also Cohen and Brittain, T., 1898, 73, 157). 
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The complete racemisation is due to the potassium ethoxide 


since l-mandelamide undergoes no racemisation in ethyl-alcoholic 


solution alone. 
In another experiment, 2 c.c. of ethyl-alcoholic alkali (0- 6518N) 


were added to an ethyl-alcoholic solution (15 c.c.) of the amide ; 


which had «a — 507°. The velocity of racemisation is depicted 
on Curve I. 


]-Atrolactinamide. 


This amide was prepared by acting at the ordinary temperature 
on ethyl /-atrolactinate (T., 1910, 97, 2569) with aqueous ammonia 
saturated at 0°. After four days, the amide was extracted with 
ether, and the resulting oil dissolved in benzene, from which the 
amide separated. 

1-Atrolactinamide, which separated from benzene in glassy, 
rhombic plates, melts at 62°5—63°5°, whereas the r-amide (Staudinger 
and RuZziéka, Annalen, 1911, 380, 291) melts at 101—102° (Found: 
C=653; H=70; N=84. Cale, C=654; H=67; 
N = 8°5 per cent.). 

The following rotations were determined : 

In acetone : 


= 2, ¢ = 2'2332, a} + 0°57°, [«]> + 12°8°. 
In ethyl alcohol : 
l= 2,c = 1°866, aj} + 0°47°, [a] + 12°6°. 


A solution of l-atrolactinamide (1 gram) in 21:1 c.c. of aqueous 
potassium hydroxide (0°5755N), this being twice the amount 
calculated for complete hydrolysis, was heated until no more 
ammonia was evolved. The atrolactinic acid, obtained by acidi- 
fication and extraction with ether, gave the following rotation in 
ethyl alcohol : 


1 = 2, c = 2°708, ap» — 2°02°, [x], — 37°3°. 


The atrolactinic acid was thus recovered unracemised, as the 
homogeneous l-acid has [«], — 37°7° in ethyl alcohol (T., 1910, 97, 
1016). Moreover, although the amide is dextrorotatory in the 
solvents selected, its preparation from the /-acid is attended with 
no configurational change. 

An ethyl-alcoholic solution of l-atrolactinamide giving [«], + 12°6° 
(c = 1°866) and contained in a 2-dem. tube was diluted with 2 c.c. 
of ethyl-alcoholic potassium hydroxide (0°6518N). The initial 
rotation was ap + 0°34°, and this value was again observed after a 
lapse of seven days. This amide accordingly undergoes no catalytic 
racemisation with alcoholic alkali. 
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]-x-M ethoxyphenylacetamide. 


This amide, prepared by the action of alcoholic ammonia on 
methyl /-«-methoxyphenylacetate, had [«], — 105°0° for c = 2°9196 
in acetone, in agreement with the value previously quoted (T., 1914, 
105, 1583). 

Partial Hydrolysis—The amide (3°34 grams) was dissolved in 
355 ¢.c. of ethyl-alcoholic potassium hydroxide containing half 
the amount of alkali necessary for complete hydrolysis, and the 
solution heated for two and a half hours under reflux. The bulk of 
the alcohol was then expelled, water added, and the unhydrolysed 
amide separated by repeated extraction with ether. The amide 
obtained from the ether was optically inactive when examined in 
acetone. The phenylmethoxyacetic acid obtained from the aqueous 
solution was also found to be inactive when examined in acetone. 

Catalytic Racemisation—The amide gave the following value in 
ethyl alcohol : 


1 = 2, c = 4-084, «, — 8°74°, [x] — 107°0°. 


Two c.c. of alcoholic alkali (0°6518N) were added to the solution 
in the polarimeter tube, and readings were taken at intervals. The 
rate of racemisation is quick at the beginning, the initial reading 
taken fifteen minutes after the addition of the alkali being «) — 7°89°. 
An hour later «, was — 7°65°, and twenty-nine hours later — 4°03°. 
At the end of ten days the racemisation was complete, and the 
solution was alkaline. The progress of the racemisation is shown 
by Curve II. 


1-Phenyl-p-tolylacetamide. 


r-Phenyl-p-tolylacetamide, prepared from gaseous ammonia and 
an ethereal solution of phenyl-p-tolylacetyl chloride, separates 
from aqueous ethyl alcohol in needles, and melts at 155°5—156°5°. 
It is readily soluble in acetone, ethyl alcohol, or chloroform, and 
sparingly soluble in light petroleum or carbon tetrachloride. It can 
be crystallised from water, in which it is very sparingly soluble, or 
from benzene, in which it is sparingly soluble at the ordinary 
temperature (Found: C=799; H=6°7. Calec., C= 800; 
H = 6°7 per cent.). 

For the preparation of the l-isomeride the following method was 
adopted. J-Phenyl-p-tolylacetic acid (T., 1915, 107, 709) was 
converted into its acid chloride by heating on the water-bath with 
thionyl chloride until the evolution of hydrogen chloride ceased, 
the excess of thionyl chloride being then removed under reduced 
pressure. Ammonia was passed into the ethereal solution of the 
product, the solution being kept cold. The solid which separated 
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was washed with water to remc *e ammonium chloride, anq) Were 
crystallised from boiling water. } cont 

1-Phenyl-p-tolylacetamide separates from aqueous alcohol jn, 24 
feathery needles, and melts at 150°5—151°5° (Found: C = 80-2, hour 
H= 67. Cale., C= 80°00; H = 677 per cent.). Its rotation was} pour 


determined as follows : y Tepes 
In ethyl alcohol : i) com} 

° ° » from 

= 2,c = 2°232, a, — 0°10°, [a], — 2°2°. pola 

In acetone : Cc 
l= 2,c = 15648, ap — 0°06°, [x], — 1°9°. ami¢ 


With a compound possessing a rotatory power so very small as 
this the evidence which we are able to submit for its optical homo-}  T, 
geneity is not convincing. It is nevertheless possible that no} to t 
racemisation had occurred in its preparation, since the optical} min 
activity, slight as it was, remained constant in value after repeated 
crystallisation of the product from aqueous alcohol. Moreover, } The 
the melting point is about 5° lower than that of the r-isomeride } twey 
already described. thre 

An attempt was made to prepare the amide in another manner, } — ¢ 
namely, by the action of ammonia on ethyl /-phenyl-p-tolylacetate. } rot 
This ester, prepared by the esterification of the /-acid by hydrogen | fyrt 
chloride and alcohol (loc. cit.), was left in contact with aqueous 
ammonia (saturated at 0°) for a week at the ordinary temperature 
in a pressure flask, the mixture being shaken at frequent intervals. | 1. 
Since the solid which separated under those conditions proved to 


este 
be ester and not amide, it was dissolved in alcohol, and the solution } oop 
saturated with ammonia and kept under pressure at the ordinary } ny, 


temperature for three weeks. The product isolated gave no rotation } | 
when polarimetrically examined in acetone, and was found to 
consist of the racemic ester. It was thus impossible to prepare the 
amide by this method, since the ester in any case undergoes catalytic 
racemisation by the agency of ammonia. 

Catalytic Racemisation of 1-Phenyl-p-tolylacetamide—Two c.. [ah 
of alcoholic potassium hydroxide (0°6518N) were added to the 
solution in the polarimeter tube which gave a) — 0°10° (J =2, 
c¢ = 2°158) prior to the addition. Ten minutes later no activity 
was observed. The alcoholic solution was poured into water, and 
the precipitated amide examined. It melted at 155—156°, and 
was obviously the r-compound. 


1-Mandeloethylamide. in 


Partial Hydrolysis.—5°652 Grams of this amide, prepared by the 
action of ethylamine on methyl /-mandelate (T., 1914, 105, 1586), | © 


e, an 
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a: were dissolved in 46:1 c.c. of ethyl-alcoholic potassium hydroxide 


' containing half the amount of alkali requisite for complete hydrolysis, 


hol jn) and the solution then heated under reflux for two and a quarter 


= 80°, 


- hours. After removal of the bulk of the alcohol the solution was 


N was) poured into water, and the unhydrolysed amide separated by 
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' repeated extraction with ether. The amide was found to be 
completely racemised. The amount of mandelic acid obtained 
from the potassium salt was so small that it was not examined 
, polarimetrically. 

Catalytic Racemisation—The ethyl-alcoholic solution of the 
amide gave : 

1 = 2, c = 4:2905, ap — 2°96°, [a]p — 34°5°. 

Two c.c. of alcoholic potassium hydroxide (0°6518N) were added 
to the solution in the polarimeter tube, and the value after five 
minutes was a) — 3°06°. Five minutes later this had increased to 
a — 3°15°, and then the rotation started to drop very gradually. 
The course of the racemisation is shown in Curve III. After 
twenty-eight days the value was — 1:29°; after one hundred and 
three days — 0°23°, and after one hundred and twenty-four days 
—0°15°. The interest of this experiment lies in the initial rise of 
rotation after the addition of the alkali being succeeded by a still 
further rise, which in turn is followed by a slow drop. 


1-8-Hydroxy-8-phenylpropionamide. 
|-8-Hydroxy-$-phenylpropionic acid (T., 1910, 97, 121) was 
esterified by ethyl alcohol and hydrogen chloride, and the ester 
converted into the amide by the action of concentrated aqueous 
ammonia under pressure at the ordinary temperature. 
1-8-Hydroxy-8-phenylpropionamide melts at 105—106°. In ethyl 
alcohol : 
1 = 2, c = 4°7524, apy — 3°75°, [a]p — 39°5°. 

The d-isomeride (T., 1914, 105, 1588) melts at 105—106°, and has 
[a] + 38°4° for c = 4°43 in ethyl alcohol. 

An ethyl-alcoholic solution of the amide with a) — 2°62° (l = 2) 
was diluted with 2 c.c. of alcoholic alkali (0°6518N), when the 
value a, — 2°41° was noted. This value was unaltered after the 
solution had remained for twelve days at the ordinary temperature. 


d-a-Hydroxy-B-phenylpropionamide. 

An ethyl-alcoholic solution of this amide (loc. cit.) giving xp + 1°22° 
ina 2-dem. tube was diluted with 2 c.c. of alcoholic alkali (0°65181) 
when ap, + 0°99° was observed. This value was the same when the 
solution was examined six days later. 
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d-Tartramide. 

Since Frankland and Slator (T., 1903, 83, 1354) have shown that 
this amide is much more soluble in methyl than in ethyl alcohol, 
a saturated methyl-alcoholic solution was examined in a 2-dem. 
tube, when «, + 0°40° was observed. When the contents of the 
tube were diluted with 2 c.c. of methyl-alcoholic potassium hydroxide 
(0°5544.), a, + 0°31° was observed, and this value was unchanged 
after three days. 


1-Maldiamide. ; 

This amide, prepared from methyl /-malate, melted at 156:5— 
158° with decomposition, whereas McCrae (T., 1903, 83, 1324) 
gives m. p. 157°. 

In pyridine : 

1 = 2,c = 0°764, a, — 1°04°, [a], — 68°1°. 
(McCrae gives [«]\} — 57°7° for c = 1-998.) 
In methyl alcohol : 


1 = 2,c¢ = 1'175, ap — 1°33°, [a], — 56°6°. 


The solution in a 2-dem. tube giving «)» — 1°33° was diluted with 
2 c.c. of methyl-alcoholic potassium hydroxide (0°5644N), and the 
rotation taken at intervals. 


Interval after Interval after 
addition of addition of 
alkali. ap. alkali. Ay. 
5 min. — 1:06° 6 days — 1:15° 
- « 1:05 S ws 1:07 
34 hours 1-08 | 1-02 
1 day 1°23 . ~~ 0°99 
4 days 1:18 98 ,, 0-98 


In another experiment the rotation of the solution ten minutes 
after the addition of the alkali was «, — 1-08°, and after three days 
this had increased to «) — 1°33°. 

There is no proof here that any racemisation had occurred. The 
slight rise in rotation would appear to be due to the formation of an 
unstable additive compound or compounds. Slight hydrolysis 
would account for the subsequent fall in rotation. 


1-Methoxysuccinamide. 
The amide used was prepared by Purdie and Neave (T., 1910, 


97, 1519). It is sparingly soluble in ethyl alcohol. A solution ina 
2-dem. tube giving «) — 0°43°, to which 2 c.c. of ethyl-alcoholic 
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potassium hydroxide (0°6518N) was added, gave the following 
results : 


Interval after Interval after 
addition of addition of 
alkali. Ap. alkali. ae 
20 min. — 0°42° 9 days — 0°10° 
22 hours 0°42 ee 0:06 
0-29 + 0°05 
7 days 0°13 


d-Dimethoxysuccinamide. 


This amide was prepared according to Purdie and Irvine (T., 1901, 
79, 957). To an ethyl-alcoholic solution in a 2-dem. tube giving 
ty + 1:06°, 2 c.c. of ethyl-alcoholic alkali (0°6518N) were added. 


Interval after Interval after 
addition of addition of 

alkali. ay. alkali. Age 
15 min. + 0°89° 9 days + 0°74° 
40 ,, 0°84 a 4 0°69 

215 ,, 0°84 _— 0°63 
1 day 0°84 i « 0°57 

4 days 0°81 26 C«s, 0°48 

S ws 0°77 


d-Monoethoxysuccinamide. 


d-Ethoxysuccinic acid was converted into its ethyl ester (Purdie 
and Williamson, T., 1895, 67, 972), from which the amide was 
prepared by the action of alcoholic ammonia. 

d-Monoethoxysuccinamide separates from ethyl alcohol in rect- 
angular plates, and melts at 192—193° (Found : C = 45°1; H = 7°5. 
Cale., C = 45°0; H = 7°6 per cent.). 

In aqueous solution : 

1 = 2, c = 16248, ap + 1°45°, [a], + 44°6°. 

The amide is very sparingly soluble in ethyl alcohol. A solution 
(13 e.c.) of it in ethyl alcohol giving «, + 0°29° was diluted with 
2 ¢.c. of ethyl-alcoholic potassium hydroxide (0°6518N), when the 
value a, + 0°24° was observed. After twenty-six days the value 
observed was ap + 0°20°. 


The authors are indebted to the Carnegie Trust for the aid rendered 
in the prosecution of this research. 
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CLXII.—A Study of the Rate of Saponification of 
Oils and Fats by Aqueous Alkali under Various 
Conditions. 


By Maset Harriet Norris and JAMES WILLIAM McBarn. 


It is a strange fact that there appears to be no published account 
of the kinetics of saponification by aqueous alkali. Various papers 
have reported studies of rate of reaction in homogeneous alcoholic 
solution, but, even in these, attention is directed more to the 
possibility of enunciating a theory of the mechanism of the reaction 
than to an investigation of the actual rate. 

Experiments in homogeneous solution have very little bearing 
on the industrial process, for it is obvious that the former rate of 
reaction must be very different from the rate in the heterogeneous 
system of oil and aqueous alkali, where many physical factors exert 
considerable influence. The latter is the actual system with which 
the soap boiler is concerned, and so far he has worked on purely 
empirical tradition. 

This paper records an attempt to study the rate of reaction of 
the process by observing the effect of alteration of conditions likely 
to affect it. The results, in conjunction with others from extensive 
work on phase-rule diagrams of systems such as sodium palmitate, 
sodium chloride, and water, have thrown some light on the various 
complicated processes taking place in the soap boiler’s pan. 

In the study of a heterogeneous system such as this, it is probable 
that physical considerations will outweigh purely chemical factors. 
The reaction can only take place at the surface of the two mutually 
insoluble liquids, oil and aqueous alkali. The rate will be affected 
by the area of this surface, which in turn will depend on the degree 
of emulsification. Rate of diffusion and convection will also be 
important factors, for the rate of movement of reactants to, and 
of resultants from this surface must considerably affect the observed 
rate. If diffusion is very slow the contact surface might con- 
ceivably become coated with products of the reaction to such an 
extent that saponification ceases. 

Experimental results point to the conclusion that the physical 
considerations are of primary importance. The rate follows no 
simple formula, but is greatly affected by stirring, emulsification, 
and by the manner and degree of salting out of the soap. 

When the concentration of electrolyte exceeds a certain definite 
value, two liquid, aqueous layers are produced, the more concen- 
trated of which may be of gelatinous consistency. In soap-boiling 
parlance, this is termed “ fitting”? and “‘settling.”” The soap is 
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said to be ‘‘ closed ’’ when water is added for the purpose of bringing 
the whole into one homogeneous solution, and when this condition 
isnearly attained the fit is said to be “ close.”” We shall refer to this 
type of salting out with moderate concentrations of electrolytes, 
namely, into two liquids, as “opening” the soap solution for lack 
of any distinctive technical or scientific term. A still higher range 
of concentrations salts out the soap almost quantitatively in the 
form of solid aggregations of curd fibres. This form of salting out 
is commonly referred to by the descriptive term “graining’’; a 
term which we shall adopt here. It is evident that salting out 
may vary in type during the course of the reaction, or may not 
necessarily occur at all. 

Although it may well be that saponification proceeds in stages 
so that diglyceride is first formed from the triglyceride and is then 
successively saponified to monoglyceride and glycerol, the demarca- 
tion into these stages cannot be observed in saponification with 
aqueous alkali. These reactions proceed with comparable velocity, 
and hence the outside layer of each droplet of oil will be completely 
decomposed, whilst the interior remains unaffected. 

Further work is necessary to determine the exact influence of 
these factors. 

Experimental Method. 

Chemicals used.—Standard solutions of sodium hydroxide were 
made by dissolving sodium drippings, free from carbon dioxide, 
in recently boiled, distilled water. The solutions were standard- 
ised by titration against standard hydrochloric acid and kept in 
fasks fitted with guard tubes of potassium hydroxide. Standard 
hydrochloric acid was prepared by the method of Hulett and 
Bonner (J. Amer. Chem. Soc., 1909, 31, 390), the required concen- 
tration being obtained by diluting a weighed quantity of this 
standard acid with the calculated amount of recently boiled, distilled 
water. 

Standard alcoholic solutions of sodium hydroxide (used in 
analysis) were made up in the same way, using recently boiled 
absolute alcohol. They were standardised just before use. 

The oils used were of two kinds : 

(1) Commercial oils—cocoa-nut oil and soja-bean oil, obtained 
through the kindness of Chris. Thomas and Bros., Ltd. These 
oils had previously been carefully neutralised, since otherwise the 
varying amount of free fatty acid present in commercial oils as 
usually employed, would have greatly influenced the rate. The 
mean molecular weight of the fatty acids from cocoa-nut oil was 
2141 and from soja-bean oil 284°9. 

(2) Pure triglycerides—triolein and tripalmitin were obtained 
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from Kahlbaum. The purest chemicals obtainable were used 
throughout. 

Apparatus employed.—The apparatus used simply consisted of a 
three-necked, round-bottomed flask resting on a sand-bath, 4jfollox 
reflux condenser was fitted to one neck ; through the other two necks (5) 
passed a thermometer and a stirrer. The stirrer was a smallf poil gt 
silver propeller, made from a silver disk, bound to the roughened} per 
end of a glass rod with silver wire. When in use, the stirrer was} jof th 
run directly by an electric motor. The rate of stirring was kept 
constant (about 2,400 revs./min.) and recorded in each case. 

In some experiments, where “ bunching ”’ occurred,* it was foundf, (a) 
necessary to replace the sand-bath by a water-bath to which some f semi- 
glycerol had been added. By immersing the flask in this bath, itBhydr 
was possible to keep the contents at the required temperature stitu 
(100—105°) without involving the risk of cracking the flask, due f prev’ 
to the extreme local heating which occurred when scarcely any § foun 
liquid was present. only 

Experimental Procedure—The method of experiment is tof pour 
measure 50 c.c of standard alkali into the flask and heat it to boil- f into 
ing. A weighed quantity of oil (usually an equivalent amount) is f the 1 
then added and stirring commenced. Boiling and stirring are }emul 
continued for a definite time, whereupon a sample is removed for fof a 
analysis and the reaction in it stopped by the addition of acid.— TI 
Usually a separate experiment was set up for each measurement, J men' 
and measurements were made in duplicate at least. and 

Method of Analysis —(1) A sample is taken and acidified with a J effec 
known volume (excess) of hydrochloric acid. This throws the soap | 45— 
out of solution in the form of fatty acids. stirr 

(2) The oil phase and aqueous phase are now separated by filtra- JE. 
tion, the filter-paper first being wetted with water. The oils are § (3) | 
washed with water until free from hydrochloric acid. no $ 

(3) Titration of the filtrate gives the quantity of hydrochloric slow 
acid in excess, and therefore the total weight of sodium in the sample § first 


as soap and free alkali. who 
(4) The oils are dissolved in absolute alcohol and titrated with [it is 
and 


* “ Bunching,” “ balling,” “ gumming ” (?), “ going stringy ” ( ?), refer to § the, 
the unmanageable condition of the contents of the soap pan when the soap 
is all in homogeneous solution and the viscous mass is filled with fine bubbles 
of air or steam. It is avoided by maintaining sufficient concentration of * 
alkali or salt to ensure salting out either as two liquids or as curd and lye. hyd 
Even where the contents of the soap pan appear to be homogeneous in normal 
working, closer examination would probably prove in every case that salting 
out had actually occurred, as can be seen by the separation into two liquid el 
layers when a specimen is removed and allowed to stand, without stirring, 
in a closed glass vessel for several days at 100°. 


SAPONIFICATION OF OILS AND FATS BY AQUEOUS ALKALI. 1365 


‘tandard alcoholic sodium hydroxide (water is added just before the 
itration is complete so that the end-point occurs in 60—80 per cent. 
ad of a jalcohol). This gives the amount of free fatty acid, from which 
th. 4ptollows directly the weight of sodium which was combined in soap. 
necks, (5) The last result together with the saponification value * of the 
small! gives the weight of oil saponified, which can then be expressed as 
a percentage of the amount of oil taken. The saponification values 


the 3 . : 
om ‘of the oils used were 255 for cocoa-nut oil and 190 for soja-bean oil. 


e Cc 


Experimental Results. 


found} (a) Effect of Stirring.—The first experiments were necessarily of a 
some} semi-qualitative nature. Cocoa-nut oil was used and N-sodium 
ith, itPhydroxide in approximately equivalent amounts. These con- 
ature § stituents were vigorously boiled together for an hour in the apparatus 
, due f previously described, but without mechanical stirring. It was 
y any {found that under these conditions the rate was extremely slow, 
only 2°5 per cent. of the oil taken being saponified in an hour. On 
is tof pouring the reaction mixture into a measuring cylinder, it separated 
boil- F into two layers almost at once, practically all the oil collecting in 
nt) isfthe top layer. This showed that very little of the oil had been 
r are Pemulsified, but this portion was in the form of droplets a fraction 
d for fof a millimetre in diameter. 
acid. This rate was obviously too slow to be convenient for experi- 
1ent, fmental purposes. With the hope of increasing the emulsification, 
and therefore the rate, the stirrer was introduced. The desired 
th a J effect was obtained, for in an hour (still using N-sodium hydroxide) 
soap §45—50 per cent. of the oil taken was saponified. That is, the 
stirring had increased the initial rate about twenty-fold. 
ltra- f Experiments with (1) no stirring, (2) reduced rate of stirring, and 
are § (3) part-time stirring, were performed. Results showed that with 
no stirring, even with vigorous boiling, initial reaction was always 
oric J slower than with stirring. Cocoa-nut oil, however, stirred for the 
iple § first half-hour only, reacted as far in an hour as when stirred for the 
whole time. These few experiments would appear to indicate that 
vith F itis the initial stirring which matters; once the oil is emulsified, 
and sufficient soap has been formed to aid this process by stabilising 
T to F the emulsion, the reaction proceeds quite as quickly without stirring. 


oa aoe : 
rh However, we have repeatedly observed that it is not until the 
! - * The saponification value of an oil is the number of milligrams of potassium 
a hydroxide required to saponify 1 gram of oil completely. It can be obtained 


ing by totally saponifying a known weight of the oil with excess of alcoholic 

potassium hydroxide and determining the amount of potassium hydroxide 
wed (For practical details, see “ Oils, Fats, and Waxes,” by Fryer and Weston, 
Part II). 
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reaction between cocoa-nut oil and N-sodium hydroxide has gong 
to the extent of 90 per cent. that all the oil is permanent] 
emulsified. 

Experiments in duplicate with reduced rate of stirring showed 
that reduction from 2,400 revolutions per minute to 980 revolutions 
per minute reduced the rate from 45 and 50 per cent. saponificatio 
in one hour, to only 19 and 22 per cent. This result shows that 
the amount of saponification in one hour was proportional to the 
rate of stirring, even when stirring was already extremely vigorous, 
The saponification is very roughly proportional to the rate of 
stirring raised to the power 3. This shows clearly the essentially 
physical basis of the rate observed. The general results are 
contained in Table I. 

TaBLeE I.* 
Comparison of percentage saponification of oils boiled with aqueous 
alkali under various conditions of stirring. 
Percentage of 
oil saponified 
with standard 


Initial stirring. stirring (2,400 
Concen. Dura- Rate Oil revs. /min.) 
of Time tion (revs.per saponified during the 
Oil. NaOH. (hours). (hour). min.) per cent. whole time. 
Cocoa-nut 1N 1 } 2,400 32 45—50 
w 1 3 me 56 45—50 
oi 4 1 is 92 91 
o 1 none 2°5 45—50 
” 2 ‘is 12—20 74— 80 
* 4 i 31—52 91 
2] 1 Pa 75 96 
1N 1 1 980 19—22 45—50 
Soja-bean 1N 1 none 28—36 67—70 


* The large differences in the results of the duplicate experiments with 
no stirring can be explained by the fact that boiling is very uneven. The 
higher figures were obtained when boiling was good; the lower ones, when 
violent bumping occurred. The kind of boiling naturally affects the size 
and number of oil droplets present. 


(b) Standard Experimenis.—Having established a definite method 
of attack, a series of standard experiments was carried out with the 
four typical oils. 

A complete set of experiments was made of duration of half- 
hour, one hour, and four hours with each oil in turn, using succes- 
sively N-, 2N-, and 4N-sodium hydroxide solution. Equivalent 
quantities of oil and alkali were used in each case, and stirring was 
uniform except where bunching made the mixture so viscous that 
stirring was impossible. 

In most cases the results were reproducible within a few units per 
cent.; in other cases, they varied by several units per cent., but 


SA 
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or bi 
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these discrepancies were usually due to the occurrence of frothing 
or bumping, causing difficulty in manipulation, or salting out 
increased the difficulty of taking a sample for analysis (see Table I). 


S gone 
nent] 


howed 
lutions TABLE ITI. 
Cation Percentage saponification when oils are vigorously stirred with an 


8 that equivalent amount of boiling solution of sodium hydroxide. 
to the 


Percent age saponification with 


orous, eosin 
ate of Oil. Time. N- NaOH. ’ 2N NaOH. * 4N-NaOH.* 
j Cocoa-nut 20 minutes 4 = — 
tially } hour 18 95-96 - 93—94t 
S are - % 45—50 95 95—97 f 
2 hours 74—80 — — 
& «ws 91 96—98 96—98 tf 
1 day 95 99°8 — 
ueous 3 days * oe my 
Soja-bean 4 hour 12 if 17—18 ft 36—38 Tf 
ww 67—70 t+ 92—93§¢  97—98 tt 
sail 4 hours 97—98 t+ 94—98tt  96—98 tt 
fed Triolein } hour 65 37—47 t 80 §f 
” , - 77—84 85 t 88 tt 
rr 4 hours 89—90 91—93 t¢ 92 tt 
, Tripalmitin 4 hour 70—72 100 ¢ 95 f 
) » 84—86 — — 
ed Tristearin } hour 13 — — 
ne. Re 18—32 ~ 
4 hours _— 90 tt —_ 


* These normalities refer to the mols. per litre of the initial alkali taken 
at room temperature. 

+ = Salting out (curding, graining) occurred. 

t = Bunching finally occurred. 

§ = Sample taken just as salted-out soap was redissolving. 


with he results for the separate oils are as follow : 
The§ Cocoa-nut Oil.—This oil shows a slow initial period with N -alkali, 
when and very great slowing off in the last stages of the reaction. With 
sizef 2N-alkali there is no salting out; the rate is therefore greatly 
increased and the reaction goes to the extent of 95 per cent. in 
hod the first half-hour. With 4N-alkali salting out occurs at first, 
the§ but the salted-out soap redissolves before the end of the first half- 
hour, so that the rate (except perhaps in the very initial stages, 
alf.} Which have not been investigated) runs almost parallel to that with 
ces. | 2V-alkali. 
lent} Soja-bean Oil—With N-alkali the rate is slower, in the initial 
was § Stages, than with cocoa-nut oil. This is probably due to the slight 
hat § Salting out which occurs even at this low concentration. The 
maximum rate comes somewhat earlier than with cocoa-nut oil, 
per § the reaction now going to the extent of 70 per cent. in an hour as 
but § Compared with 50 per cent. After four hours, the reaction has gone 
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to the extent of 97 per cent. 2N-Alkali causes salting out, but the 
rate is slightly increased during the initial periods. 4N-Alkalj 
again increases the rate, especially during the initial period, but 
in no case does the reaction go further than 98 per cent. in four 
hours. 

Triolein.—With N-alkali the slow initial period must be very 
short, for the reaction goes to the extent of 65 per cent. in the 
first half-hour. On the other hand, the slowing off at the end of the 
reaction is very pronounced, for after four hours only 90 per cent. 
of the oil is saponified. 2N-Alkali causes salting out and almost 
halves the initial rate. After the first half-hour, the salted-out soap 
dissolves and the rate is increased, so that in an hour the reaction 
has gone as far as with N-alkali in one hour (85 per cent.), and 
in four hours, slightly further (92 per cent.). 4N-Alkali causes salt- 
ing out, but also increases the rate, so that the reaction proceeds to 
the extent of 80 per cent. in the first half-hour. After four hours, 
however, only 92 per cent. of the oil is saponified, again showing 
the very great decrease in rate during the later stages of the 


reaction with this oil. Although there is no direct experimental jniti: 


evidence, these results suggest very forcibly that here, at any rate, 
the whole of the reactive surface between the two phases, aqueous 
alkali and oil, has become coated (in the later stages) with a layer 
of soap through which diffusion is difficult, and therefore the 
reaction is extremely slow. : 

Tripalmitin.—This fat seems to be more easily saponified than 
either of the previous ones. With N-alkali in half an hour, 71 per 
cent. of the amount of fat taken is saponified. There is no salting 
out. With 2N-alkali, salting out occurs, but the salted-out soap 
very soon redissolves and the reaction is complete in less than half 
an hour. 4N-Alkali also causes salting out; the rate is slightly 
diminished, 95 per cent. of the fat being saponified in half an hour. 

(c) Effect of Added Sodium Chloride.—A series of experiments was 
carried out similar to the previous ones except that the initial 
solution of sodium hydroxide contained also a known amount of 
sodium chloride. The results are collected in Table III. 

(d) Effect of Soap Initidlly Present.—To find the effect of having 
soap present at the beginning of the reaction, an alkaline soap 
solution was made by adding 0°5—1 gram of the fatty acids obtained 
from cocoa-nut oil to 50 c.c. of boiling N-sodium hydroxide solu- 
tion and stirring for a few minutes. This converted the fatty acids 
into soap. Oil was then added, equivalent in quantity to the 
calculated amount of remaining alkali, and the mixture boiled and 
stirred for a definite time, as in previous experiments. 

The result was that the rate was increased; 75 per cent. of oil 
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TaBLE III. 
Comparison of the rate of saponification of oils when boiled with 
equivalent quantities of aqueous alkali and varying amounts of 


common salt, with and without stirring. 
Percentage of 
oil saponified 


Conen. Conen. Time of Oil under the 
of of Time stirring saponified same conditions 
Oil. NaOH. NaCl. (hour). (hour). percent. without NaCl. 
(ocoa-nut N 1N 1 1 92 45—50 
” ”? 3N 29 ” 96 ” 
” 99 5N 99 ”° 96 ” 
” ” ” 3 + 17°5 4 
: . l } 41 32 
= = ‘ie - none 18 2°5 
Soja-bean si O-5N ‘é 1 57 67—70 
” ee 1N ” ” 55 ” 
5N “a “ 20—35 os 


” > 


yas saponified in the first hour as compared with 45—50 per cent. 
vhen no soap was initially present. 

By varying the amount of stirring, it was found that five minutes’ 
initial stirring, when soap was present, caused the same amount of 
oil to be saponified in one hour as when no soap was initially present 
but stirring was continued during the whole of the time (49 per 
cent.). 

TaBLE IV. 
Comparison of the rate of saponification of cocoa-nut oil boiled with 
an equivalent amount of aqueous alkali and about 1 gram of 
soap, with whole-time and part-time stirring. 


Wt. of ‘ , 
Conen. of fatty acid Time of Percentage saponification. 
NaOH. (gram). Time. stirring. Obs. Standard. 
IN 0°756 1 hour 1 hour 75 45—50 
0-751 . 5 mins. 49 a 


” 


(e) Effect of One Constituent in Excess —Experiments were carried 
out both with alkali and with oil in excess. The results are shown 
in Table V. 

TABLE V. 
Percentage saponification when cocoa-nut oil and aqueous alkali are 
boiled together with vigorous stirring, and one constituent is 


in excess. 
Percentage saponi- 
fication when oil 
and NaOH are 
Conen. of Time Propn. of oil present in equiv- 
NaOH. (hours). to NaOH. Saponification. alent amount. 
1N 4 3:4 97%, of oil 91 
a 4 5:4 98°5% of NaOH 91 
2 11:10 87%, of NaOH 74—80 
2N 1, 1:2 95—99% of NaOH 95—97 
VOL. CXXI. 3B 
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In both cases the amount saponified, of the constituent present 
in less amount, was greater than where the reactants were equiva. 
lent. The explanations for these results are two: 

(1) When the alkali is in excess the concentration is not so low 
at the end of the reaction. 

(2) When the oil is in excess the surface exposed must be greater 
throughout. 

(f) Effect of Temperature—Experiments were carried out by 
vigorously stirring together amounts of the neutral soja-bean oil 
and alkali at room temperature, and also by grinding in a mortar 
at room temperature. In both cases, the reaction did not start. 
An observation was also made that directly the stirring or grinding 
ceased, the mixture separated completely into two layers, showing 
that no emulsion had been formed. This was probably the reason 
that scarcely any reaction took place. 

It is somewhat difficult to obtain a well-defined value for the 

temperature coefficient of a reaction the rate of which is of so 
complicated a form. It was decided to make use of the observa. 
tion in standard experiments with cocoa-nut oil and N-alkali, that 
the rate after the first and up to the fourth hour may be represented 
by a unimolecular formula. The materials in two such experi- 
ments, which were carried out under standard conditions at 100° 
for one hour, were then allowed to cool to about 60°, and the stirring 
was continued for three hours longer. The first experiment indicated 
that the reaction goes 1°3 times faster for each rise in temperature 
of 10°. The second experiment, in which the reaction had pro- 
ceeded much further before cooling, gave a value 1°6. It is well 
known that the temperature coefficient of typical chemical reactions 
is such that a rise of temperature of 10° doubles or trebles the 
rate, whereas the temperature coefficient of physical processes such 
as diffusion lies between 1:2 and 1°3 where the conditions are kept 
constant. Enhanced convection, through the greatly diminished 
viscosity, fully accounts for the slightly higher value of the tempera- 
ture coefficient in the present case. 


Discussion of Results. 

(a) Mechanism of the Reaction.—For a fuller discussion, reference 
should be made to “The Fourth Colloid Report of the British 
Association for the Advancement of Science,’ 1922. Temperature 
coefficient, effect of stirring, of emulsification, and of salting out alike 
indicate that the reaction proceeds in the surface between the oil 
globules and the aqueous alkali, and that the effective rate is deter- 
mined by the rate at which the alkali is brought to this surface and 
the resulting soap removed. 


resent 
quiva- 


$0 low 
reater 


it by 
an. oil 
lortar 
start. 
nding 
yWing 
-ason 


r the 
of so 
oTVa. 
that 
nted 
peri- 
100° 
Ting 
ated 
ture 
pro- 
well 
ions 
the 
uch 
ept 
hed 


-Ta- 


nce 
ish 
ure 
ike 
oil 
er- 


nd 


SAPONIFICATION OF OILS AND FATS BY AQUEOUS ALKALI. 1371 


(b) Completeness of Saponification.—Lewkowitsch (J. Soc. Chem. 
Ind., 1907, 26, 590; Z. angew. Chem., 1907, 20, 951) considered that 
saponification without excess of alkali must be very incomplete 
because of the very appreciable hydrolysis of soap solutions which 
he assumed to occur. He adduced experiments in which oils were 
boiled with the exact equivalent of alkali, and in which the boiling 
“was continued beyond the time required on a manufacturing 
scale,” only 93 to 94 per cent. of oil and of alkali being saponified. 

Now that we know, from the measurements of hydrolysis—alkali- 
nity by means of #.M.F., conductivity, catalysis, and ultra-filtra- 
tion, carried out in this laboratory, that the hydrolysis—alkalinity 
of concentrated solutions is much less than 0-001N-OH’, it is clear 
that equilibrium lies much nearer to a complete reaction than was 
assumed, and that the reaction must proceed to the extent of more 
than 99°9 per cent. before equilibrium is obtained. It would appear 
that insufficient time had been allowed in the soap-boiling experi- 
ments of Lewkowitsch. This is borne out by the experiment in 
Table II with 2N-alkali and an exactly equivalent amount of cocoa- 
nut oil, where the reaction proceeds to the extent of 99°8 per cent. 
in twenty-four hours. Likewise the tripalmitin is quantitatively 
saponified in half an hour under these conditions. 

(c) Completion of the Reaction with Excess of Alkali or Oil.—It is 
when oil and alkali are taken in exactly equivalent quantity that 
completion of the reaction is slow. This is illustrated by the 
experiments of Table V. If oil and alkali are present in equivalent 
quantities, the reaction must finish with extreme slowness, since 
towards the end both surface of contact and concentration of the 
alkali are rapidly decreasing. If, on the other hand, either the alkali 
or especially the oil is in excess, the completion of the reaction may 
simulate a unimolecular reaction, conditions of emulsification, etc., 
remaining the same. 

It is perhaps necessary to point out that the excess of oil does 
not act through displacement of the equilibrium, since this is a 
heterogeneous system and the active mass of the oil is independent 
of the amount present, no matter how greatly this is varied. Thus 
the action of a large excess of oil is merely to facilitate the rate of 
reaction by exposing the alkali to a larger area of contact. 

(d) General Course of the Reaction.—Nearly all the experiments 
here recorded were carried out with oil from which all free fatty 
acid had been removed, and with no soap initially present. The 
observed rate is therefore characterised by an initial incubation 
period, thereafter the reaction proceeds very rapidly, but there is 
quite unusual retardation of the very last stages of the reaction, 


especially when alkali and oil are taken in exactly equivalent amount. 
3 B2 
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It will be noted, from Fig. 1, that each of the three stages is different 
for the various oils employed. 

The initial incubation period is obviously due to lack of emulsify. 
ing agent to stabilise the oil in a state of fine subdivision and corre. 


Fra. 1. ho 


Rate of saponification when neutral oils are boiled with 1-0 N-aqueous NaOH la’ 
with intense stirring (2,400 revs. per min.). a 
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spondingly large exposed surface. In ordinary soap-boiling practice, J hom 
emulsification is effected by the initial addition of soap as well as | Hen 
by the presence of often very large amounts of free fatty acid in the J con 
oils used. The same pronounced effect is shown in the experiments J the. 
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of Table IV. It will be seen that salting out of the emulsifying soap 
retards the reaction. 

(e) The Salting-out of Soap.—Soap solutions containing only a 
moderate amount of salt or alkali are homogeneous, although the 
homogeneous liquid is extremely viscous. A slight further addition 
of salt causes this homogeneous liquid to separate into two liquid 
layers. It is only over a narrow range of concentrations of salt 
that two liquid layers are formed. A higher concentration of salt 
“ grains out ’’ the soap as solid white curd floating on a strong brine 
or “ lye ’ containing only traces of soap. Here there are two phases 
present; namely, solid curd fibres and liquid lye. No further 
efiect is produced by increasing the salt or alkali up to saturation 
point, except that the curd fibres become less hydrated. 

The comparatively narrow range of concentrations in which two 
liquid layers can co-exist is of great importance to the soap boiler, 
because it is within a part of this region that most commercial soaps 
are finally prepared, and the endeavour is made to carry out 
saponification under such conditions. . 

For the purposes of this paper there is a great complication in 
that there are three possible pairs of aqueous liquid; namely, 
“neat soap,” “ nigre,’’ and “lye.” For a full discussion and the 
corresponding experimental evidence, reference must be made to 
as yet unpublished communications by Burnett and Langdon 
referred to in the ‘“‘ Fourth Colloid Report ”’ (loc. cit.). A con- 
centrated soap solution, on the addition of sufficient salt, forms 
two liquid layers, the upper one of which is neat soap and the lower 
nigre ; a dilute soap solution correspondingly falls or opens into two 
liquid layers, the upper of which is nigre and the lower lye. In 
both cases a slight further addition of salt causes the nigre to dis- 
appear, resulting in both cases in a liquid layer of neat soap resting 
on lye. Neat soap contains 30 per cent. by weight of water and is 
eight to ten times weight normal with respect to soap. Nigre is 
about ?N with respect to soap; lye is but a few hundredths normal 
with respect to soap. 

During the experiments here recorded, the amount of alkali was 
steadily altering, and whereas at first the alkali might have been 
in such concentration that all the soap formed for some time was 
grained out, the diminishing alkali passed rapidly through the narrow 
zone involving pairs of liquid layers, and all the later stages of the 
reaction must have proceeded in homogeneous solution, that is, 
homogeneous apart from the liquid globules of oil present throughout. 
Hence the information in this paper refers chiefly to two sets of 
conditions :—(a) where the soap formed is grained out, and (b) where 
the aqueous phase is a homogeneous solution of soap and alkali. 
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The soap boiler compensates for the decreasing alkali by adding 
salt from time to time as the appearance of the mixture seems to 
require. A further communication will include experiments in 
which these physical factors are kept constant. In soap boiling, 
it is customary to complete the saponification after several days 
by “ boiling on strength,” that is, boiling with strong alkali. 

(f) Rate of Saponification where the Aqueous Solution is Homo. 
geneous.—It should be pointed out at once that this heading com. 
prises all of the experiments with initially normal alkali, except 
perhaps just the beginning of the experiments with soja-bean oil, 
Further, the experiments with cocoa-nut oil are of exceptional 
interest in this connexion, because 4N-alkali is required to salt 
out the resulting soap, even as liquid layers. Finally again, this 
heading includes all the final stages in which a concentration of 
remaining alkali had fallen below LN. 

Although a quantitative expression for the influence of alkali 
cannot here be formulated, the fact emerges very clearly that the 
rate of saponification is greatly increased by increase in the con- 
centration of alkali. Naturally, increased concentration of alkali 
increases the rate at which it is delivered to the reaction surface of 
the oil globules. 

The reason for the slow final stages in these saponifications is 
presumably the highly viscous nature of the medium towards the 
end, where all the soap is in homogeneous solution and the alkali 
in this soap solution is dependent on diffusion for reaching the 
reaction surface. Such a process is incomparably slower than 
convection with the intense stirring which it was possible to employ 
at the beginning of the reaction. A further effect in viscous solution 
is the accumulation of soap in the neighbourhood of the interface, 
and it is in the immediate interface that the concentration of alkali 
cannot fall below the hydrolysis concentration of 0°001N. The effect 
of salt at this stage will be discussed in a further communication. 

The effect of salt on homogeneous soap solutions has been shown 
in other communications to be similar to an increase in the con- 
centration of soap itself. That is, salt converts crystalloidal soap 
into colloidal electrolyte. In Table III it is seen from the experi- 
ments with cocoa-nut oil that the addition of salt greatly increases 
the rate, probably by promoting emulsification up to the point 
where salting out occurs. 

(g) Rate of Saponification when the Soap is Grained Out.—Graining 
out the soap in itself reduces the rate to a fraction of its previous 
value. The rate is at least halved whether the salting out is effected 
by salt or by alkali. This must be due to the encrustation of the 
reacting surface with the solid, salted-out soap. Once graining-out 
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gecurs, further addition of alkali increases the rate of saponification 
almost in direct proportion to the concentration of alkali. This 
effect of increased alkali may therefore soon mask the initial reduc- 
tion in rate. In every case here recorded saponification with 4 - 
alkali is at least as quick as with N or 2N, and in most instances 
it is slightly faster. 

Not only is graining in itself a hindrance, but further addition of 
alt intensifies the effect. It is evident that any similar effect in the 
case of alkali must be overbalanced by the enhanced rate at which 
alkali is supplied to the reaction surface. Further experiments 
are being undertaken in order to test and extend the conclusions 


> 


here recorded. 
Summary. 


1. When neutral oils are boiled with alkali, the rate of saponifi- 
cation is at first negligible, then rapid, with abnormal retardation 
of the final stages, especially when alkali and oil are present in 
equivalent amount. 

2. Vigorous stirring increases the initial rate by nearly twenty- 
fold, since the reaction depends largely on the surface of oil exposed. 

3. With insufficient alkali to cause salting out, the rate is very 
much increased by increase in the concentration of alkali. 

4. The rate depends largely on the degree of emulsification. 

5. Salting-out in itself diminishes the rate by at least one-half. 
Further addition of alkali increases the rate almost in direct pro- 
portion to the amount added, so that a large increase in concentra- 
tion of alkali produces the fastest rate. , 

6. When the alkali is sufficient to cause salting-out, addition of 
salt retards the saponification. 

7. The temperature coefficient is less than 1°5 and the rate is 
less than proportional to the rate of stirring, both showing that 
the observed saponification is largely governed by physical processes. 

8. A saponification may be completed within a few hours to the 
extent of 99°8 per cent. 

9. It may be noted that in these experiments much quicker 
saponification is effected than in soap-boiling practice, in spite of 
neutralised oils, and alkali initially free from soap, having been 


employed. 
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CLXIII.—Studies in the Anthracene Series. Part I. 
By Epwarp DE Barry BARNETT and JAMES WILFRED Cook, 


In Part I of this series (T., 1921, 119, 901) it was shown that whey 
anthracene is treated with bromine in the presence of a large excess 
of pyridine it is converted almost quantitatively into a pyridinium 
salt. It seemed of interest to examine the application of this 
reaction to other compounds, and the present communication 
contains an account of the behaviour of some of the hydroxyanthra. 
quinones when treated with bromine in the presence of a large excess 
of pyridine. , 
It has been found that under these conditions those hydroxy. 
anthraquinones which do not contain two hydroxyl groups in the 
ortho- or para-position with reference to one another do not give 
pyridinium salts, but are merely brominated. Thus no pyridinium 
salt could be obtained from 1-hydroxyanthraquinone, 2-hydroxy.- 
anthraquinone, | : 3-dihydroxyanthraquinone (xanthopurpurin), or 
1 : 5-dihydroxyanthraquinone (anthrarufin), all these compounds 
undergoing simple bromination. As a rule, the bromination takes 
place very smoothly and the brominated hydroxy-compound 
separates in the form of a pyridine additive compound, which, 
however, easily loses its pyridine when treated with dilute acids. 
These additive compounds are well-crystallised substances, and are 
probably salts of pyridine, for it is well known that hydroxyl 
groups, when attached to the anthraquinone ring system, are more 
acidic in nature than are hydroxyl groups in most phenols and, of 
course, the acidity would be increased by the entrance of halogen 
atoms. The formation of these additive compounds greatly 
facilitates the purification of the bromohydroxyanthraquinones, and 
this type of reaction is being studied in detail and will form the 
subject of a future communication. When a dihydroxyanthra- 
quinone in which the two hydroxyl groups are present in the ortho- 
or para-position with reference to one another is treated with bromine 
in the presence of pyridine, a pyridinium salt is formed, and in this 
respect it resembles the dihydric phenols of the benzene series. Thus 
it has been shown (Ortoleva and di Stefano, Gazzetta, 1901, 31, ii, 
256; Ortoleva, ibid., 1902, 32, i, 447) that quaternary salts are 
formed when quinol and catechol are treated with halogens in 
pyridine solution, but that resorcinol gives no such compound. 
These salts are regarded by Ortoleva as additive compounds of the 
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but these formule are almost certainly erroneous, and it will be 
shown in a future communication that the compounds are really 
hydroxyphenylpyridinium salts. 

Now it has been shown (Lesser, Ber., 1914, 47, 2526; Dimroth and 
Schultze, Annalen, 1916, 411, 345; Dimroth, Friedemann, and 
Kammerer, Ber., 1920, 53, [B], 481; Dimroth and Hilcken, ibid., 
1921, 54, |B], 3050) that both alizarin and quinizarin on oxidation 
give diquinones, and it seems certain that the formation of a 
pyridinium salt is preceded by the formation of the diquinone. The 
reaction is most simple in the case of quinizarin, as a dipyridinium 
salt (III) is produced, and the formation of this is easily explicable, 
since Dimroth, Schultze, and Heinze (Ber., 1921, 54, [B], 3035) 
have shown that quinizarinquinone adds on one molecule of bromine 
to form a dibromide (II). This must then unite with two molecules 
of pyridine and at the same time enolisation must take place : 


O O OH 
4 Nee Yee 
LJ > a Br 
SNL /\/ “We /\/N<CH 
O O OH ili 
(I.) (II.) (IIT.) 


The formation of the dipyridinium salt is interesting, as in most 
cases the action of pyridine on the halogen additive compounds of 
the aromatic series leads to pyridinium salt formation and simul- 
taneous loss of halogen acid. 

Quinizarin is not brominated by treatment with bromine in 
pyridine solution; if only 1 molecule of bromine is used, half the 
quinizarin can be recovered unchanged. 

In the case of alizarin, the reactions which take place are rather 
more complicated. If only 1 molecule of bromine is used, scarcely 
any pyridinium salt is formed, almost the sole product being 
3-bromoalizarin (IV). If 2 molecules of bromine are employed, or 
if 3-bromoalizarin is treated with 1 molecule of bromine under 
similar conditions, a bromoalizarinpyridinium bromide (VIII) is 
obtained. Assuming, as is probably the case, that 3-bromoalizarin 
is always formed as an intermediate compound, the formation of 
the bromoalizarinpyridinium bromide must be due to the oxidation 
of this to 3-bromoalizarinquinone (V), addition of bromine to form 
bromoalizarinqguinone dibromide (VI); and then simultaneous 
pyridinium salt formation and loss of hydrogen bromide. This 
leaves a bromoalizarinquinonepyridinium bromide (VII), which is 
then reduced to bromoalizarinpyridinium bromide (VIII) by the 


hydrobromic acid produced by the oxidation of the bromoalizarin 
3 B* 
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and also simultaneously with the formation of the pyridiniun 
salt : 


O 
OH O ee ; 
\“\NoH > ¥ ‘so -> Yo. 
Parr /\/™ /\/SBr 
(IV.) (V.) Br H 
(WL) 
Oo x OH 
wny \/ \:0 ili \/ oH (VIII) 
r »Dr 
“Nhe ‘.H, SOs 
Br — ae 


If alizarin is treated with 3 molecules of bromine in the presence 
of pyridine, or if bromoalizarin is treated with 2 molecules of bromine 
under similar conditions, the chief product is alizarindipyridinium 
dibromide (XIV). It will be observed that this compound contains 
the same number of bromine atoms as bromoalizarinpyridinium 
bromide, so that the extra molecule of bromine required for its 
formation does not appear in the final product. It was first thought 
that the conversion of the bromoalizarinquinonepyridinium bromide 
into bromoalizarinpyridinium bromide by the action of hydrobromic 
acid was a reversible reaction, 


O OH 
Oe. S OR. 
“\ span CH; 

Neches <pr ° 


and that the function of the extra molecule of bromine was to force 
the equilibrium point towards the left in the above equation. If 
this were the case, the equilibrium should be forced towards the right 
by the presence of a large excess of hydrobromic acid, and conse- 
quently bromoalizarinpyridinium bromide should be obtained 
when alizarin is treated with three molecules of bromine in pyridine 
solution in the presence of a large excess of pyridine hydrobromide. 
This, however, is not the case, as the presence of a large excess of 
pyridine hydrobromide does not appear to affect the reaction 
appreciably. Now bromoalizarinpyridinium bromide is not con- 
verted into alizarindipyridinium dibromide by bromine in the pres- 
ence of pyridine, the probable reason being that pyridine causes 
loss of hydrobromic acid and formation of a betaine * in which the 


* Strictly speaking, a betaine is an internal salt formed by loss of water 
between a quaternary ammonium hydroxide group and a carboxyl group 
in another part of the same molecule (Meyer and Jacobson, ‘‘ Lehrbuch der 
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two hydroxyl groups are no longer intact, so that oxidation to a 
quinonoid compound is not possible. The function of the extra 
molecule of bromine must therefore be to prevent the formation 
of the betaine. This it probably does by converting the bromo- 
alizarinquinonepyridinium bromide into the perbromide (IX), the 
dipyridinium salt then being formed by oxidation (X), addition of 
bromine (XI), union with pyridine (XII), and subsequent loss of 
bromine (XIII) : 


9) 
OH O J 
és OH 7 :0 - | (OBr 
B B Br 
/\/™ Ay si 4 
N Br 
C.H, Br-Br, C,H, Br-Br, C,H, Br-Br, 
(IX.) (X.) oe (XI) 
9) 
ee O OH 
‘edie 
Peon, YSBcm _, Y Ran 
a 5 Nows's 
‘re Aree oe Pare 
N Br N 
C,H, Br-Br, C;H, Br CH; Br 
(XIL.) (XIII.) (XIV.) 


Alternatively, the conversion of the perbromide into the dipyrid- 
inium salt may be due to the alternate addition and loss of hydrogen 
bromide according to the scheme 


a A, J<E — (XIIL) 


“\ 
C;H; Br-Br, 
as Ortoleva (loc. cit.) has shown that pyridinium salts are formed 
from benzoquinone by the action of the pyridine salts of the halogen 


Organischen Chemie,” 2nd ed., Vol. I, Part II (1913), p. 740; Beilstein, 
“Handbuch der Organischen Chemie,”’ 4th ed., Vol. IV (1922), p. 333). 
In the compounds under consideration there is no carboxyl group present, 
salt-formation taking place with the phenolic hydroxyl group. Such com- 
pounds are conveniently named “ phenobetaines ” to distinguish them from 
the true “‘ carbobetaines.’’ In the same way the authors suggest the name 


“ nitrolbetaine ’’ for those betaines derived from the nitrolic acid formula 


3 B* 2 


for the nitrophenols. 
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acids, but the former scheme for the mechanism of the reaction 
seems the more probable. 

In either case, the reduction of the alizarinquinonedipyridinium 
dibromide (XIII) to alizarindipyridinium dibromide must be effected 
at the expense of the hydrogen bromide produced partly during the 
earlier stages of the reaction and partly by the conversion of the 
dipyridinium dibromide into a phenobetaine. 

It may be argued that the loss of bromine from the nucleus 
whereby XII is converted into XIII is improbable, but Dimroth, 
Schultze, and Heinze (loc. cit.) have shown that both bromoalizarin. 
quinone dibromide and dibromoalizarinquinone dibromide lose 
bromine very easily and pass respectively into bromoalizarinquinone 
and dibromoalizarinquinone, the reaction being brought about by 
water at the ordinary temperature. 

If 2:3-dihydroxyanthraquinone (hystazarin) is treated with 
bromine in pyridine solution, a dipyridinium dibromide (XVII) is 
formed, but it has not been found possible to isolate this in the pure 
state, as even when recrystallised from hydrobromic acid partial 
loss of hydrogen bromide takes place with the formation of a 
phenobetaine. Analysis both of the partly betainised substance 
and of the betaine itself shows, however, without any possibility 
of doubt, that two pyridinium groups have entered the molecule, 
so that it must be concluded that hystazarin is capable of oxidation 
to hystazarinquinone (XV), although the existence of this compound 
is not recorded in the literature. The formation of the dipyridinium 
salt must then take place by the addition of bromine to form a 
dibromide (XVI) and subsequent pyridinium salt-formation and 
enolisation : 


Br H C.H 
\/ N<p> 5 
\A\:0 \Z7\:0 \/N\o# 
20 L Ito | lon 
NJ ANC ie 
Br H C;H 
(XV.) (XVI) (XVIL.) 


The mechanism of the reaction is therefore similar to that involved 
in the formation of quinizarindipyridinium dibromide, but it will be 
observed that whereas quinizarinquinone dibromide is formed by the 
addition of bromine to one of the double bonds of the quinonoid ring, 
the corresponding hystazarin derivative is formed by the addition 
of bromine to the extreme ends of a conjugated system. 

As already stated in the case of the alizarin derivatives, the 
quinonepyridinium salt is reduced to the hydroxy-compound by 
the hydrobromic acid formed during the reaction, alizarinquinone 
having great oxidising power. On the other hand, §-naphtha- 
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quinone is a much less powerful oxidising agent and is not reduced 
by hydrobromic acid, so that when treated with bromine in pyridine 
solution the quinonepyridinium salt is obtained. This and other 
similar reactions are at present being investigated and will be dealt 
with in a future communication. 

As already stated, the pyridinium salts derived from the dihydroxy- 
anthraquinones form betaine-like compounds, and as in every case 
there are two hydroxyl groups present the question arises as to 
which of these is involved. Although it has not been found possible 
to obtain formal proof, the evidence points strongly to the fact that 
phenobetaine formation takes place most easily between a hydroxy! 
group in the @-position and a pyridinium group in the ortho-position 
to it, although a similar reaction between a pyridinium group and 
a hydroxyl group in other relative positions is not excluded. The 
evidence in support of the above contention may be summarised as 
follows : 

(i) Quinizarindipyridinium dibromide does not form a pheno- 
betaine easily and can be recrystallised from alcohol without loss 
of hydrogen bromide, although a monobetaine is formed when it is 
treated with a basic substance such as pyridine. 

(ii) Alizarindipyridinium dibromide forms a monobetaine easily 
when recrystallised from a mixture of alcohol and ether. It is 
improbable that loss of hydrogen bromide takes place between the 
pyridinium group in position 3 and the hydroxyl group in position 
1, as the relative positions of these groups are the same as in 
quinizarindipyridinium dibromide, and, as already stated, this 
compound does not readily form a betaine. If this is granted, 
there are still three possibilities, namely, betaine formation between , 
(2) the pyridinium group in position 4 and the hydroxyl group 
in position 1, (6) the pyridinium group in position 4 and the hydroxyl 
group in position 3, and (c) the pyridinium group in position 3 and 
the hydroxyl group in position 2. Of these alternatives, the last- 
named is the most probable, as Ullmann and Ettisch (Ber., 1921, 
54, [B], 261) have shown that in the case of 2-hydroxy-1 : 4- 
naphthaquinone-3-pyridinium chloride betaine formation takes 
place with great ease, and in this case it must take place between a 
pyridinium group and a hydroxyl group in the ortho-position.* 

The formation of a phenobetaine affords some evidence as to the 
position of the pyridinium group in bromoalizarinpyridinium bromide, 

* In a future communication it will be shown that the pyridyl dichloro- 
hydroxybenzoquinone and the aa’Ss’-dipyridinobenzoquinone obtained by 
Imbert (Compt. rend., 1901, 188, 162; Bull. Soc. chim., 1898, [iii], 19, 1008) 
from tetrachlorobenzoquinone (chloroanil) and pyridine are really pheno- 
betaines, and the same remark applies to the so-called pyridyldihydroxy- 
chlorobenzoquinone which Imbert (Compt. rend., 1901, 1383, 233) obtained 
by the action of alkali on the monochloro-compound. 
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as from the method of its formation this compound might have 
either of the structures 


OH OH 
\/ Nou \/\ou 
18) 


Br r | 
AN OSGi ALG 
r 


Of these, the first contains a pyridinium group in the orthv-position 
to a §-hydroxyl group and consequently a phenobetaine should be 
formed with great ease. In practice, however, loss of hydrogen 
bromide takes place only with difficulty unless a basic substance such 
as ammonia or pyridine is present, and for this reason the second 
formula is the more probable. If this is correct, and since a pheno- 
betaine is formed under suitable conditions, the loss of hydrogen 
bromide must take place between the pyridinium group and a 
hydroxyl group either in the para- or in the meta-position to it. Salt 
formation between two groups in the meta-position to one another is 
unlikely and therefore it seems most probable that betaine formation 
has taken place with the p-hydroxyl group. There is still possible 
another structure (XVIII) in which one of the meso-carbon atoms 
is involved and this has much to recommend it on general grounds, 
although up to the present formal evidence on its behalf is lacking. 


CO OH NO, NO, 

ON Pon 

AA maid eae 
O—NC;H, C;H;N—- O—NC;H, 
(XVIII) (XIX.) (XX.) 


Zincke and Weisspfenning (J. pr. Chem., 1910, [ii], 82, 1) have 
found that 1 : 3-dichloro-4 : 6-dinitrobenzene gives a dipyridinium 
salt and that this on hydrolysis loses one of its pyridinium groups, 
the resulting dinitrophenolpyridinium chloride at once losing hydro- 
gen chloride and passing into a betaine, the same betaine being 
obtained when 3-chloro-4 : 6-dinitrophenol is treated with pyridine. 
To this betaine Zincke and Weisspfenning ascribe the formula XIX, 
but this shows a meta-bridge, and the nitrolbetaine structure (XX) 
is more probable. 

Exactly similar compounds are obtained from both 3-nitro- 
alizarin and 4-nitroalizarin by the simultaneous action of bromine 
and pyridine, and in these cases the tendency to form the betaine 
is so great that the compounds separate from solution in hydro- 
chloric or hydrobromic acid completely free from halogen. The 
boiling acid solutions, in which no doubt the compound is present as 
its chloride or bromide, are yellow, but on cooling become red and 
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the red, halogen-free betaine then crystallises out, the change in 
colour being particularly remarkable in the case of the 3-nitro- 
alizarin derivative. It is probable that the change in colour denotes 
change from the phenolic to the nitrolic form and that the halogen- 
free compounds have the structures 


O 
OH ee 
\o ~*~ ‘ 
(XXI.) : and NC.H. (XXIL) 
lame <i 
C;H;N—O ON-O 
respectively. 


It was thought desirable to ascertain if these compounds could be 
obtained indirectly from alizarin without the use of free bromine 
in the presence of pyridine, and in view of the fact that halogen 
atoms attached to the anthraquinone ring system are more reactive 
than when attached to other aromatic nuclei it seemed possible that 
the bromonitroalizarins would react directly with pyridine. Neither 
3-bromo-4-nitroalizarin nor 4-bromo-3-nitroalizarin has been 
described in the literature, but there was every reason to believe 
that they would be easily obtained by nitrating 3-bromoalizarin 
and by brominating 3-nitroalizarin. Experiments were therefore 
undertaken on these lines, but the result was totally unexpected, 
as on nitrating 3-bromoalizarin the bromine atom was replaced by a 
nitro-group, whereas on brominating 3-nitroalizarin nitrogen dioxide 
was at once evolved and 3-bromoalizarin formed. These results 
are all the more surprising as Heller (Ber., 1913, 46, 2702) appears 
to have had no difficulty in nitrating 3-chloroalizarin, and in the 
patent literature (Brit. Pat. 120528) it has been claimed that both 
3-nitroalizarin and 4-nitroalizarin are smoothly chlorinated by 
sulphuryl chloride at 100°. The reaction is being further investi- 
gated and will form the subject of a future communication. 


EXPERIMENTAL.* 
Action of Bromine and Pyridine. 


On Quinizarin.—(a) A solution of 5 grams of quinizarin (purified by 
recrystallisation from xylene) in 50 c.c. of boiling pyridine was cooled 


* All the pyridinium salts described in this communication appear to 
decompose, on heating, into some very stable substance, so that on analysis 
gas is evolved slowly for an hour or more after the whole tube has been heated 
to redness. For this reason, the values obtained for nitrogen are usually 
rather low. The high values found for hydrogen are due to bromine passing 
the silver spiral and being taken up by the sulphuric acid in the Travers 
tube used for absorbing the water. It has been proved that, provided the 
sulphuric acid is fairly fresh, no bromine passes into the potash bulb, so 
that the value found for carbon is not affected. 
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as rapidly as possible and the suspension thus obtained treated 
slowly with 2 c.c. of bromine (2 mols.), the whole being continually 
stirred and cooled. After keeping at the ordinary temperature for 
two hours, the precipitate was filtered, washed with pyridine and 
with ether, and recrystallised from boiling alcohol (Found : C = 51-6; 
H=405; N=496; Br= 28-6. (C,,H,,0,N.Br, requires 
C = 51:8; H = 2-88; N = 5-04; Br = 28°8 per cent.). 

Quinizarin-2 : 3-dipyridinium dibromide (I11) forms a_ brown, 
crystalline powder which is rather sparingly soluble in alcohol, 
but very easily soluble in cold water. The aqueous solution is 
purple, but becomes pure blue on dilution. The compound melts 
and decomposes at 275—277°. It is moderately soluble in glacial 
acetic acid and crystallises from the boiling solution in minute, 
brown needles which melt and decompose at 285°. Their solution 
in water reacts acid towards litmus, and the crystals contain two 
molecules of acetic acid of crystallisation (Found: C = 498; 
H = 4-01; Br = 24-2. C,,H,,0,N,Br,,2C,H,O, requires C = 49-7; 
H = 3-55; Br = 23-7 per cent.). 

The monophenobetaine was obtained by mixing a concentrated 
aqueous solution of the dibromide with its own volume of pyridine 
and heating the deep blue solution thus obtained under reflux on 
the water-bath for an hour. On diluting with a large volume of 
absolute alcohol and then cooling in ice, microscopic, deep blue 
needles separated. These were collected, washed with absolute 
alcohol, and dried in a vacuum desiccator (Found: Br = 16:3. 
C.4H,;0,N,Br,H,O requires Br = 16-2 per cent.). 

(6) Quinizarin (2-4 grams), suspended in 25 ¢.c. of pyridine, was 
treated with 0-5 c.c. of bromine (1 mol.). After keeping over-night, 
the whole was poured into a large volume of cold water and the 
precipitate collected and washed with boiling water. It weighed 
1-3 grams, contained neither nitrogen nor bromine, and was identified 
as unchanged quinizarin by its general properties and by the method 
of mixed melting points. 

On Alizarin and 3-Bromoalizarin.—The alizarin used in the 
following experiments was purified by recrystallisation from nitro- 
benzene, as it was found that unless this was done it was almost * 
impossible to obtain products which were free from inorganic 
impurities. 

(a) A suspension of alizarin (4-8 grams) in pyridine (50 c.c.) was 
prepared and treated with bromine (1 c.c.; 1 mol.) as described 
under (a) above, the whole being well stirred and cooled in cold 
water or a freezing mixture.* After keeping over-night at the 


* In this and in other cases the product is apt to be very troublesome 
to filter if the reaction is carried out below 0°. 
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ordinary temperature, the whole was poured into water, the 
solution acidified with hydrochloric acid, and the precipitate collected 
and recrystallised from glacial acetic acid. It contained bromine, 
but no nitrogen, and was identified as 3-bromoalizarin by the 
method of mixed melting points. The yield was 5 grams. 

(») Alizarin (12 grams) was suspended in 100 c.c. of pyridine, 
and 5 c.c. of bromine were added drop by drop with stirring and 
cooling. After keeping at the ordinary temperature for five hours, 
the precipitate was collected, washed with pyridine and with ether, 
and extracted with boiling dilute hydrobromic acid to remove a 
small amount of alizarindipyridinium dibromide. The residue, 
recrystallised twice from about 2 litres of boiling, very dilute hydro- 
bromic acid, formed glistening, pale brown needles and appeared 
to be unchanged after recrystallising three times from glacial acetic 
aid. It did not melt below 300° (Found: C = 45-0; H = 3-19; 
N= 268; Br= 31-5. C,,H,,O,NBr,,1$H,O requires C = 45:2; 
H = 2-78; N = 2-78; Br = 31-7 per cent.). 

The water of crystallisation is lost very slowly at 130°, but at the 
same time gradual darkening and decomposition take place. 

Bromoalizarinpyridinium bromide (VIII) is almost insoluble in 
cold water and very sparingly soluble in boiling water or boiling 
alcohol, separating from the former in dark brown crystals, which 
become much paler when dried in a vacuum desiccator. It is 
oly moderately soluble in boiling glacial acetic acid, and dissolves 
in dilute sodium hydroxide solution to form a deep purple solution, 
from which the original bromide is reprecipitated on acidifying with 
hydrobromic acid. Bromoalizarinpyridinium bromide is only 
partly converted into the betaine by boiling with alcohol, but the 
change is complete in the presence of a little ammonia or pyridine. 
This phenobetaine forms a deep purple, crystalline powder, which is 
insoluble in all the usual media, but dissolves in hot dilute acids 
owing to the formation of a salt, the sulphate, for example, separating 
in golden yellow plates when a hot solution in dilute sulphuric acid 
is cooled. For analysis, a sample of the betaine was thoroughly 
washed with alcohol and ether and dried in a vacuum desiccator 
(Found: Br = 19-9. C,gH,)0,NBr requires Br = 20-2 per cent.). 

(c) 3-Bromoalizarin (6-4 grams) was treated with bromine (1 mol.) 
as described under (6). After keeping over-night, the precipitate 
was collected, washed with pyridine and ether, and recrystallised 
from a large volume of very dilute hydrobromic acid. The product 
appeared to be identical in every way with the bromoalizarin- 
pyridintum bromide obtained from alizarin (Found: Br = 31-5 
per cent.). 

(d) Alizarinqguinone dibromide was prepared by shaking com- 
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mercial alizarin paste, in which some potassium bromide had been 
dissolved, with a solution of bromine in aqueous potassium bromide, 
After two hours, the quinone dibromide was collected, washed 
with potassium bromide solution and with water, dried as far as 
possible by pressing on porous porcelain, and made into a thin 
cream with pyridine. Heat was evolved, and after standing for 
half an hour the solid was collected, washed with pyridine and with 
ether, and recrystallised from much dilute hydrobromic acid. It 
appeared to be identical in every way with the bromoalizarin. 
pyridinium bromide described above (Found : Br = 31-9 per cent.), 

(e) A suspension of bromoalizarinpyridinium bromide in pyridine 
was treated with bromine in the usual way. After keeping for 
some hours, the solid was collected and washed with pyridine and 
ether. It was almost insoluble in cold dilute hydrobromic acid and 
was identified by its general properties as being unchanged bromo. 
alizarinpyridinium bromide. The same result was obtained when 
the experiment was carried out in the presence of a large excess of 
pyridine hydrobromide. 

(f) Alizarin (4-8 grams) was treated with bromine (3 mols.) as 
described under (a). After keeping for four hours, the precipitate 
was collected and washed with pyridine and ether. The dark 
reddish-brown powder thus obtained was dissolved in 80 c.c. of hot 
dilute hydrobromic acid, the solution cooled and filtered to remove 
a small amount of bromoalizarinpyridinium bromide, and the 
alizarindipyridinium dibromide precipitated from the filtrate as 
its insoluble perbromide by the addition of bromine water. This 
was collected, washed with water, and dried in a vacuum desiccator 
over solid potassium hydroxide. When dry, it was reduced to the 
dibromide by boiling with acetone under reflux, and the dibromide 
collected and finally purified by recrystallisation from boiling 
hydrobromic acid (Found: Br = 28-5. C,,H,,0,N,Br, requires 
Br = 28-8 per cent.). 

Alizarindipyridinium dibromide (XIV) forms a pale yellowish- 
brown powder which is easily soluble in water to form a red solution, 
the colour turning to deep purple on the addition of an alkali. The 
mono-perbromide is precipitated as a yellow powder when bromine 
water is added to an aqueous solution of the dibromide. It is 
insoluble or very sparingly soluble in the usual media and too 
unstable to be recrystallised. A sample was purified as far as 
possible by washing with alcohol and ether, and after drying over 
solid potassium hydroxide in a vacuum desiccator, a weighed 
sample was reduced by hydrazine hydrate and the total ionised 
bromine estimated (Found: Br = 45-8. C,,H,,0,N,Br, requires 
Br = 44-7 per cent.). If alizarindipyridinium dibromide is re- 
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crystallised from a mixture of alcohol and ether, deep blackish-red, 
hygroscopic needles are obtained which consist of the monopheno- 
betaine (Found: C=585; H=352; Br=161, 16-3. 
C4H,;0,N,Br,H,O requires C = 58-4; H = 3-45; Br = 16-2 per 
cent.). When heated, this betaine melts and decomposes at about 
306°. When boiled for a short time with hydrobromic acid, it is con- 
verted back into the dibromide, which crystallises when the solution is 
cooled (Found : Br = 28-8 per cent.). 

A monoacetyl derivative is obtained when the dibromide is 
recrystallised from boiling glacial acetic acid. It forms yellow 
needles which melt and decompose at about 308° (Found : C = 52-2; 
H= 3:33; N = 4-86; Br = 26-9, 27-1. C,,H,,0;N,Br, requires 
(= 52-2; H=3-01; N= 4-68; Br = 268 per cent.). A small 
amount of the substance was warmed with a drop of amyl alcohol 
and a drop of concentrated sulphuric acid. On diluting the solution 
thus obtained, a strong odour of amyl acetate was detected. It has 
not been found possible to determine to which hydroxyl group the 
acetyl group is attached, but in view of the great ease with which 
the acetyl derivative is formed acetylation probably takes place 
with the same hydroxy] group as is involved in the formation of 
the betaine. The acetyl group is very easily removed by warming 
the compound on the water-bath with hydrobromic acid, and 
alizarindipyridinium dibromide crystallises when the solution is 
cooled. The acetyl group is also removed by heating at 100° 
with pyridine, the monophenobetaine mentioned above being 
obtained under these conditions. 

(g) In order to ascertain whether the reduction of the alizarin- 
quinonedipyridinium dibromide (XIII) was brought about by the 
hydrogen bromide produced during the reaction or by the hydro- 
bromic acid used during the purification of the crude substance, 
4-8 grams of alizarin were treated as under (f). The crude product, 
which was very hygroscopic, was thoroughly washed with ether and 
then dried in a vacuum desiccator without further purification. 
It gave a strong odour of pyridine when treated with cold alkali 
and appeared to be a double salt consisting of 1 molecule of alizarin- 
dipyridinium dibromide with 1 molecule of pyridine hydrobromide 
(Found : Br = 35-4. C,,.H,.0,N,Br, requires Br = 33-5 per cent.). 
It had no quinonoid properties and did not oxidise sulphurous acid. 

(h) Alizarin was suspended in pyridine and treated with bromine 
(4 mols.) as described under (f). The product was worked up in 
the usual way and was found to consist of alizarindipyridinium 
dibromide. 

(i) Alizarin, suspended in pyridine containing a large excess of 
pyridine hydrobromide, was treated with bromine (3 mols.) as 
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described under (f). The product was found to consist of alizarin. 
dipyridinium dibromide, the excess of hydrogen bromide appearing 
to have had no influence whatsoever on the reaction. 

(j) 3-Bromoalizarin (6-4 grams) was suspended in 50 c.c. of 
pyridine and treated in the usual manner with 2 c.c. of bromine 
(2 mols.). After keeping for four hours, the product was worked 
up as described under (f) and was found to consist of alizarindi- 
pyridinium dibromide (Found : Br = 28-6 per cent.). 

On Hystazarin.—A solution of hystazarin * (2-4 grams) in 24 c.c. 
of boiling pyridine was cooled as rapidly as possible and then 1 c.c, 
of bromine (2 mols.) added drop by drop with stirring and cooling. 
After keeping over-night, the precipitate was collected, washed with 
pyridine and ether, and recrystallised from boiling hydrobromic 
acid (about 15 per cent.). The product (XVII) thus obtained 
consisted of large, brown crystals, but analysis showed that partial 
conversion into a phenobetaine had taken place (Found : C = 53:7; 
N=489; Br=260. (C,,H,,0,N,Br. requires C= 518; 
N = 5-04; Br = 28-8 per cent.). Owing to the small amount of 
material available, it was not possible to attempt to obtain the 
dibromide in the pure state by recrystallising from more con- 
centrated hydrobromic acid. The crude substance was very easily 
soluble in water to give a brown solution, which became blue on 
dilution, the same colour being produced by the addition of an 
alkali. When boiled with alcohol, it was converted into a deep 
purple powder, which analysis showed to consist of the monopheno- 
betaine (Found: N= 5:55; Br=17-1. C,,H,,0,N,Br requires 
N = 5°89; Br = 16-8 per cent.). 

On Nitroalizarin.—(a) 3-Nitroalizarin was prepared by treating 
alizarin, suspended in glacial acetic acid, with nitric acid, and was 
purified through its pyridine additive compound (Méhlau and 
Bucherer, “ Farbenchemischespraktikum,”’ 1908, p. 211), this 
method being found to give excellent results. The pure substance 
(5-6 grams) was suspended in 75 c.c. of pyridine and treated with 
2 c.c. of bromine (2 mols.) under the usual conditions. After keeping 
for three hours, the precipitate was collected, washed with pyridine 
and ether, and recrystallised from aqueous hydrobromic acid. After 
drying in a vacuum desiccator over solid potassium hydroxide, it 
was found to be completely free from bromine (Found : C = 57°8; 
H=414; N=6°75. CygH9O,N,,2H,O requires C = 57:3; 
H = 3-52; N = 7-03 per cent.). 

Alizarin-4-pyridinium-3-nitrolbetaine (XXI) forms deep red 
needles which do not melt. It is almost insoluble in water, but 


* The sample of hystazarin used was generously presented to the authors 
by the Farbenfabriken vorm. Friedr. Bayer & Co., Leverkusen. 
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dissolves in boiling dilute hydrochloric and hydiobromic acids to 
form yellow solutions. On cooling, the colour of these solutions 
changes to red and the betaine then crystallises free from halogen. 
It is sparingly soluble in boiling pyridine and can be recrystallised 
from its solution in this solvent. 

If in the above experiment only 1 gram-molecule of bromine is 
employed, approximately half the nitroalizarin can be recovered 
unchanged from the reaction product. 

(b) 4-Nitroalizarin was prepared by nitrating dibenzoylalizarin * 
(D.R.-P. 66811), and this method was found to give satisfactory 
results. The pure product (2°8 grams), suspended in 35 c.c. of 
pyridine, was treated in the usual manner with 1 c.c. of bromine 
2 mols.). After keeping over-night, the precipitate was collected, 
washed with pyridine and ether, and recrystallised from 500 c.c. 
of hydrobromic acid (about 12 per cent.). The resulting red needles 
contained a small amount of bromine, but lost this completely 
when boiled with water (Found: C = 60°3; H = 375; N=7'l. 
(gH OgN2,H,O requires C = 60:0; H = 3:16; N =7'4 per cent.). 

Alizarin-3-pyridinium-4-nitrolbetaine (XXII) forms a red, crystal- 
line powder, which is almost insoluble in water, but dissolves in 
boiling dilute acids to form a yellow solution, from which red crystals 
separate on cooling. When heated, it decomposes without melting. 

On Purpurin and Anthragallol—Attempts were made to obtain 
pyridinium salts from purpurin (1 : 2 : 4-trihydroxyanthraquinone) 
and anthragallol (1 : 2 : 3-trinydroxyanthraquinone) by the methods 
already described. In the case of purpurin a product was formed 
which contained nitrogen and bromine, but owing to its insolubility 
it was found impossible to obtain it in the pure state. The crude 
product seemed to be contaminated with a large amount of bromo- 
purpurin. Similar results were obtained in the case of anthragallol, 
but in this case the amount of nitrogenous matter formed was very 
small. 

On 2-Hydroxyanthraquinone and Xanthopurpurin.—(a) 2-Hydr- 
oxyanthraquinone (4°5 grams) was suspended in 50 c.c. of pyridine 


* The preparation of dibenzoylalizarin by heating alizarin with benzoyl 
chloride is mentioned by Schiitzenberger (“‘ Die Farbstoffe,’’ 1870, Vol. IT, 
p. 114), who purified his product by recrystallisation from alcohol. The 
best results are obtained if alizarin is heated under reflux with 3°5 parts of 
benzoyl chloride for one and a half hours on the oil-bath at 200°. The crude 
product is sufficiently pure for nitration, after washing with light petroleum 
and hot alcohol. If a purer product is desired, it can be obtained by recrystal- 
lisation from methyl ethyl ketone, from which solvent it separates as yellow 


A sample purified in this way melted at 187° and the melting 


needles. 
Schiitzenberger 


point did not change after three further recrystallisations. 
gives an analysis of the compound, but does not mention the melting point. 
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and treated in the usual manner with 3 c.c. of bromine (3 mols,), 
After keeping over-night, the red, crystalline precipitate was 
collected, and washed with a little pyridine and then with ether, 
It consisted of a pyridine additive compound and was decomposed 
by boiling, dilute hydrochloric acid, the resulting yellow precipitate, 
recrystallised from xylene, being identified as 1 : 3-dibromo.?2. 
hydroxyanthraquinone, m. p. 214—215° (Found: Br = 41°8 per 
cent.). The yield was 6°85 grams, equivalent to 90 per cent. of 
the theoretical. The same compound has previously been described 
by Baeyer (Annalen, 1880, 202, 136), who obtained it by heating 
tetrabromophenolphthalein with concentrated sulphuric acid at 
150° for eight hours. He gives the melting point as 207—208°. 
(6) Xanthopurpurin was prepared by reducing purpurin with 
sodium hyposulphite in cold ammoniacal solution (D.R.-P. 212697), 
The reaction was found to take place very smoothly and to 
yield a product which was easily purified. The pure product 
(2°4 grams), suspended in 25 c.c. of pyridine, was treated in the usual 
manner with 1:5 c.c. of bromine (3 mols.). After keeping over-night, 
the whole was poured into water and boiled with excess of dilute 
hydrochloric acid. The yellow precipitate of dibromoxantho- 
purpurin thus obtained was collected, washed, and recrystallised 
from tetrachloroethane. It melted at 225—226°. The same 


compound has previously been prepared by Plath (Ber., 1876, 
9, 1205) by brominating xanthopurpurin, and by Heller (ibid., 
1895, 28, 315) by loss of water from 3 : 5-dibromo-2 : 4-dihydroxy- 
benzophenone-2’-carboxylic acid. They give the melting point 
as 227—230°. 


Attempt to Prepare Bromonitroalizarin. 


(a) Ten grams of 3-bromoalizarin were suspended in 80 c.c. of 
glacial acetic acid, and 4 c.c. of nitric acid (d 1°42) added. After 
keeping over-night at the ordinary temperature, the whole was 
warmed at 40—45° for thirty minutes, cooled, and filtered. The 
filtrate was found to contain free bromine. The precipitate was 
washed and then purified by recrystallisation first from glacial 
acetic acid and then from methyl ethyl ketone. It contained 
nitrogen, but no bromine, and was identified as 3-nitroalizarin by 
the method of mixed melting points and by conversion into the 
pyridiniumnitrolbetaine. 

(6) 3-Nitroalizarin (2°8 grams) was suspended in 100 c.c. of glacial 
acetic acid, and 0°6 c.c. of bromine added. The whole was warmed, 
evolution of nitrogen dioxide commencing at about 50°. On 
gently boiling under reflux, the nitroalizarin slowly dissolved and at 
the end of two hours the clear solution was cooled and the crystalline 
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precipitate collected and recrystallised from glacial acetic acid. 
The product contained no nitrogen and was identified as 3-bromo- 
alizarin by the method of mixed melting points. 


Summary. 


The behaviour of certain hydroxyanthraquinones when treated 
with bromine and pyridine has been examined and it has been found 
that : 

(i) Monohydroxyanthraquinones and dihydroxyanthraquinones 
in which there are not two hydroxyl groups present in the ortho- or 
para-position with reference to one another are brominated. 

(ii) Alizarin under suitable conditions gives 3-bromoalizarin. 

(iii) Alizarin, 3-bromoalizarin, 3-nitroalizarin, 4-nitroalizarin, 
quinizarin, and hystazarin all give pyridinium salts. 

(iv) These pyridinium salts all pass into betaines with varying 
ease. 

It has also been found that 3-bromoalizarin on nitration gives 
3-nitroalizarin and that this is reconverted into 3-bromoalizarin 
when treated with bromine. 


In conclusion, the authors desire to express their thanks to British 
Dyestuffs Corporation, Ltd., for the supply of anthraquinone 
derivatives, to the South Metropolitan Gas Co., Ltd., for the supply 
of pyridine, and to the Research Fund Committee of the Chemical 
Society for a grant which has partly defrayed the expenses of this 
research. 
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CLXIV.—Reciprocal Induced Polarity Effects in Cresols 
and their Derivatives. Properties of the Isomeric 
Methoxybenzyl Bromides. 


By Arruur Larworrs and Joun BALDWIN SHOESMITH. 


Tur total influence which one atom or group exerts on the pro- 
perties of another elsewhere in the same molecule is doubtless 
highly complex and probably the resultant of several simultaneous 
elects. There appear to be, for example, (a) general polar effects, 
certain atoms tending to raise or lower the affinity of the molecule 


as a whole for an electric charge (Fliirscheim, T., 1909, 49, 1627 : 
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compare also Mem. Manchester Phil. Soc., 1920, 64, ii, 1 et eq, 
and Kermack and Robinson, this vol., p. 428 et seq.), (6) induced 
polar effects, and (c) steric effects. It is as yet scarcely possible 
to define precisely the proportion attributable to each of thes 
in any single instance, but there is some reason to suppose that the 


range and periodicity peculiar to each type of effect may furnish} i 


a means of doing so. Thus a property which is found to rise and 
fall alternately in proceeding from one atom to another in order 
may be suspected to be one influenced by induced polarity effects, 


Steric effects are likely to recur at longer intervals, probably off i 


five or six atoms in saturated, open-chain compounds ; whilst general 
polar effects are likely to be periodic only when associated with 
steric effects, with which, therefore, they would probably agree in 
periodicity. 

Systematic measurements, therefore, may ultimately make it 
possible to foretell the total result of the combined general and 
induced polar effects produced on replacement of one atom or group 
in a molecule by another, but at present the data are insufficient, 
and comparisons of properties are best restricted to those of position 


isomerides or to those of different atoms in one and the same com-} i 


pound. Even as it is, general polar and steric influences cannot 
wholly be eliminated in studying the operations of induced alternate 
polarities, but some assistance may be derived from the circumstance 
that steric influence appears to be very effective only when the 
atoms concerned occupy certain relative positions—for example, 
ortho-positions in benzene di-derivatives, and «-positions in open- 
chain carbonyl compounds. 

Attention was recently directed by one of us to the properties 
of the isomeric cresols (Mem. Manchester Phil. Soc., 1920, 64, ii, 
10). Using the generalised diagram 


and assuming that the hydrogen atoms of a methyl group attached 
to an aromatic nucleus can act as “ positive key atoms ’’-—an 
assumption conveyed by the dots attached to their polar signs, 
the induced polarities to be expected are indicated. In the case 
of the m-hydroxyl group, the natural relative polarities of the atoms 
(with which the capacity for ionisation is associated) are, as the above 
diagram shows, enhanced by the induced ones, whilst in the o- and 
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p-hydroxyl groups the induced polarities are in the opposite sense 
to the natural polarities; this is in agreement with the measure- 
ments of Dawson and Mountford (T., 1918, 122, 937), who found 
that m-cresol has a higher ionisation constant than either o- or 
p-cresol. It was further suggested that, as the o-hydroxyl group 
js separated from the methyl group by fewer intervening atoms 
than the p-hydroxyl group, the lower ionisation of o-cresol as 
compared with p-cresol is explained; the authors now think, 
however, that much value must not be attached to this point, since 
in other cases, including those dealt with in the present paper, 
the order which di-derivatives of benzene showing induced polar 
effects usually take is para-ortho-meta, whilst an induced polar 
effect alone would be expected to give rise to the order, ortho-para- 
meta. The frequent displacement of the ortho-compounds from 
what would appear to be their natural positions may be due, either 
to the special force of steric effects in the ortho-positions or to a 
tendency of activated forms to assume p-quinonoid rather than 
o-quinonoid configurations. 

The agreement between the requirements of the principle of 
induced alternate polarities and the observed properties of the three 
cresols being so striking, the authors decided to direct their attention 
to the possibility of demonstrating that such effects may be recip- 
rocal and that the elements of the hydroxyl group—more particu- 
larly the oxygen atom—may in turn affect the properties of the 
methyl groups in similar alternating manner. Thus the hydrogen 
atoms of the methyl group in m-cresol should exhibit an enhanced 
positive polar character in virtue of the position of the strongly 
negatively polar oxygen. Definite polar character in hydrogen 
directly attached to carbon is, however, not easy to detect except 
in association with certain complexes, and it appeared likely that 
the point could be demonstrated more readily by studying the pro- 
perties of halogen in a similar position. Great practical difficulties 
connected wjth the properties of hydroxybenzyl haloids also made 
itnecessary to use their methyl ethers, the methoxybenzyl bromides. 


case 
oms 
ove 
and 


CH,:Br CH, Br CH,:Br 
(yom SS . CS 
\f4 \ 7-0, \H 
Ortho. Meta. O ‘CH, 

Pom. 


In these three compounds the oxygen atoms, acting as negative 
key atoms, were expected to give rise to the induced polarities 
indicated in the formule. The o- and p-isomerides thus contain 
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halogen with their natural negative polarity enhanced, whilst! 


in the m-isomeride the opposite is the case. 

The test on which the authors relied for comparing the negative 
polarity of the bromine atoms was based on the double decomposi. 
tion of the halogen compounds with alkalis 


X—Br + Na—OH —» X-OH + Na—Br. 

In accordance with this polar reaction, the compounds with more 
“ negative ” halogen, namely, the o- and p-compounds were expected 
to react most readily with alkalis, and the experiment confirmed 
this expectation in full, for the m-compound reacted very much 
more slowly than did the other two, which, except as emulsions 
(in which case relative solubilities are confusing factors), lost their 
bromine as bromidion so rapidly that the velocity of reaction could 
not be measured. There was evidence that the o-compound was 
slightly less reactive than the p-compound either when emulsified 
or when in solution. 

Halogen, as one of us has previously shown, may exhibit reactions 
in which it appears to behave as with a positive polar character 
(Mem. Manchester Phil. Soc., 1920, 64, ii, 8). Thus, when situated 
in the «-position in ketones, and even more markedly in that position 
in | : 3-diketones, 1 : 3-ketonic esters, and malonic esters, it is known 
to be very readily replaced by hydrogen. This sometimes happens 
when hydrogen bromide is present, as in the case of «-bromo- 
acetoacetic ester, 


—- + - + 

X—Br + Br—-H — X°H + Br-Br 
and more frequently with hydrogen iodide, in which case the pre- 
ceding equation may, of course, be modified thus : 


X—Br + 1-H X—H + Br—-I 
Br—I + I—H — HBr + I, 

More recently Nicolet (Amer. Chem. J., 1921, 43, 2081) has inter- 
preted replacement of iodine by hydrogen in certain aromatic 
compounds as due to “ positive halogen ’’ on similar grounds. 

The induced positive polar character of the bromine atom in 
m-methoxybenzyl bromide suggested that the “ reactivity” of 
the three isomerides when tested as to their ease of reduction by 
hydrogen iodide should be the inverse of that observed when tested 
by the ease of hydrolysis. Experiment entirely confirmed this 
surmise. Whilst the contrast between the m-compound and the 
other two isomerides was not so very great as before, it was still 
very decided ; and this fact provides, in combination with the other 
data given in this paper, a striking example of the applicability 
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of the principle of induced alternate polarities when sources of con- 
fusion can be to a considerable extent eliminated. 

In the following figure are shown in continuous lines curves which 
correspond with one series of measurements made on the hydrolysis 
of the three isomerides under comparable conditions, and three 
others, in interrupted lines, corresponding with a series of measure- 
ments on their reduction by hydrogen iodide. The inversion 
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Methoxybenzyl bromides. 
Full lines—Curves of hydrolysis. 
Interrupted lines—Curves of reduction. 


of the order of reactivity in passing from one reaction to the other, 
the clear separation of the m-derivative from its isomerides, which 
do not greatly differ from one another in both reactions, is clearly 
seen. 
ExPERIMENTAL. 
Preparation of the Methoxybenzyl Bromides. 

A long series of experiments which were made by one of us with 

the object of preparing the three isomeric methoxybenzy! alcohols 


1396 LAPWORTH AND SHOESMITH: RECIPROCAL INDUCED 


PC 


and the corresponding bromides in quantity from the cresols wij} yield 


be dealt with in another communication. In the present paper 
will be described only the more important observations made jn 
connexion with the conversion of the isomeric hydroxybenzaldehydeg 
into the corresponding methoxybenzyl bromides, and the properties 
of the latter. 

o-Hydroxybenzyl alcohol was obtained in the most satisfactory 


emulsified in 100 c.c. of water, with carefully washed, 1-5 per cent, 
sodium amalgam (300 grams) in presence of sodium hydrogen 
carbonate (about 25 grams). Addition of the amalgam and bi. 
carbonate was made gradually, with constant shaking and cooling. 
The subsequent isolation of the alcohol by acidification, extraction 
with ether, and removal of unchanged aldehyde by means of sodium 
hydrogen sulphite solution need not be described in detail, but it 
is desirable to note that great care must be exercised to remove 
all traces of acids before attempting to proceed with purification 
of the alcohol, otherwise resinification may take place with serious 
loss (compare Manasse, Ber., 1894, 27, 2411; Lederer, J. pr. Chem., 
1894, [ii], 50, 225). 
o-Methoxybenzy] alcohol was best obtained by alkylation of the 
hydroxy-alcohol in the mode recommended by Pschorr, Wolfe, 
and Buckow (Ber., 1900, 33, 165). Attempts to prepare it from 
o-methoxybenzaldehyde by reduction or by the Cannizzaro reaction 
gave poor yields or impure products. The product used for conver- 
sion into the bromide boiled at 246—247° at atmospheric pressure. 
o-Methoxybenzyl bromide was made by passing gaseous hydrogen 
bromide into a solution of o-methoxybenzyl alcohol in twice its 
volume of cold dry benzene. The solution gradually became turbid 
and green, and after two hours was separated from the watery 
deposit, dried over calcium chloride, filtered through glass-wool, 
and fractionated under reduced pressure. The bulk of the bromide 
boiled at 118°/18 mm., and analysis for ionisable bromine showed 
it to be pure. 
m-Hydroxybenzyl alcohol was readily obtained in 80 per cent. 
yield by reduction of the corresponding aldehyde with sodium 
amalgam, as described in the case of the corresponding ortho- 
derivative. 
m-Methoxybenzaldehyde was made in 86 per cent. yield by the 
interaction of m-hydroxybenzaldehyde, aqueous sodium hydroxide, 
and methyl sulphate in molecular proportions, the reaction being 
completed by boiling for several hours. 
m-Methoxybenzyl alcohol was obtained by the action of 25 per 
cent. aqueous potassium hydroxide on the aldehyde, or in better 
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suspended in water, with sodium amalgam. The methylation 
of m-hydroxybenzy] alcohol (1 mol.) by the action of methyl sulphate 
(1} mols.) and potassium hydroxide dissolved in methyl alcohol 
also gave yields approximating to 50 per cent. of the theoretical ; 
with a larger proportion of alkylating agent, a product contaminated 


} with much dialkyl derivative is formed. 


m-Methoxybenzyl bromide was prepared in much the same way 
as that above described for the preparation of the ortho-compound. 
It boiled at 127°/16 mm.* 

p-Methoxybenzyl alcohol (anisyl alcohol) was made from anis- 
aldehyde by the Cannizzaro reaction. The product, after one such 
treatment, was not pure (compare Spiith, Monatsh., 1913, 34, 1995 
e seq.) and did not yield a satisfactory bromide; it was therefore 
found necessary to treat it a second time with 25 per cent. alcoholic 
potassium hydroxide, when the recovered p-methoxybenzy] alcohol 
boiled at 255—257°—or decidedly higher and within a narrower 
range than after the single treatment considered necessary by 
Spiith (loc. cit.). 

p-Methoxybenzyl bromide, prepared by the same method as 
was used for the isomerides, had to be distilled under a pressure 
not exceeding 16 mm., otherwise decomposition took place. It 
boiled at 128—129°/16 mm. 


(a) Hydrolysis of the Emulsified Methoxybenzyl Bromides. 


The following data were obtained by merely emulsifying the three 
bromides with standard sodium hydroxide at constant temperature 
and determining the diminution in titre against standard acid after 
various intervals of time. The emulsions were agitated during 
hydrolysis by a mechanical stirrer of constant efficiency. As the 
systems were not homogeneous, the results cannot be utilised for 
calculation of true relative velocity constants, but the numbers 
illustrate very clearly the great differences in reactivity of the three 
isomerides and cannot be explained by differences in solubility 
alone. 

In the following tables, the numbers under ¢ are the intervals 
of time in minutes which had elapsed since the initial mixing and 
the withdrawal of the samples for analysis, whilst those under x 
are the percentage quantities of the compound hydrolysed during 
those intervals, calculated on the assumption that one molecular 
proportion of sodium hydroxide is neutralised by the hydrolysis 
of 1 molecule of the bromide—an assumption justified by the results 


* It is worthy of note that of the three methoxybenzyl bromides, the 
meta-compound has the most marked lachrymatory properties. 
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obtained by following the hydrolysis of samples of the three bromide 


to completion. 


(a) o-Methoxybenzyl bromide. 
(i) (ii) 


Temperature .............0. 55° 20° 
Wt. of bromide ............ 0°8824 gram 0-6785 gram 
PURO WHO ccc ncecsccscess 250 c.c. of N/40-NaOH 100 e.c. of N/10-NaOH, 
t. x. t. aw. t. x. 
2°5 37°0 775 90-0 15 96°5 
75 62-0 157°5 99-0 30 100-0 
17°5 70-0 237°5 99-0 45 100-0 
37°5 78°7 75 64°7 
(b) p-Methoxybenzyl bromide. 
Temperature ............ 55° 20° 
Wt. of bromide ......... 0°831 gram 0°7850 gram 
Alkali used ............ 250 c.c. of N/40-NaOH 100 c.c. of N/10-NaOH. f 
t. x. t x. 
2°5 75°4 37°5 97°9 The substance was almost 
75 90°8 775 99°4 completely hydrolysed 
17°5 94°8 after 2°5 minutes. 
(c) m-Methoxybenzyl bromide. 
Temperature ............ 55° 20° 
Wt. of bromide ......... 0°934 gram 0°8988 gram 
Alkali used ............ 250 c.c. of N/40-NaOH 100 c.c. of N/10-NaOH. 
t. x. t. x. t. x. 
75 1°6 77°5 43°0 45 2-4 
17°5 13°3 157°5 66°7 105 4-0 
37°5 24:0 15 10 185 5-4 


(6) Hydrolysis of Dissolved Methoxybenzyl Bromides. 
Owing to the extremely high speed at which alkalis act on the 


o- and p-bromides, it has not been found possible to measure the} 


speed of the reaction in dilute alcohol at 25°. 
Using as solvent alcohol, containing about 20 per cent. of water, 
p-methoxybenzyl bromide, initially at concentration about 1 per 


tions of the small quantity of unchanged bromide could be prac- 
ticable. Under the same conditions, m-methoxybenzyl bromide 
(0-1824 gram per 100 c.c. of dilute alcohol) was hydrolysed to the 
extent of 10, 20, and 33 per cent. in 24, 48, and 72 hours, respectively. 


With excess of N/50-sodium hydroxide (solvent = alcohol of | 
about 90 per cent.), the results with the o- and p-isomerides were f 
much as in absence of alkali, hydrolysis being almost complete in| 
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cent., was almost completely hydrolysed in five minutes after being liber 


dissolved, even in absence of alkali; the o-isomeride was not com-} 
pletely hydrolysed in the same time, but no satisfactory determina-| 
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five minutes, but being less rapid with the o- than with the p-com- 
pound. A regular curve of hydrolysis was obtained in this as in 
the following instance and all previous ones, with the m-isomeride, 
13, 39, and 59 per cent. being hydrolysed in thirty-five, one hundred 
and fifty-five, and three hundred and fifteen minutes, respectively. 
The same remarks apply to the observations made with N/10- 
sodium hydroxide in 95 per cent. alcohol; but all the changes took 
‘J place more rapidly; with the m-isomeride, 37, 80, and 96 per cent. 
|i was hydrolysed in thirty-five, one hundred and fifty-five, and three 
) | hundred and fifteen minutes, respectively. 


Mideg 


0) 
(c) Reduction of the Methoxybenzyl Bromides by Means of Hydrogen 
Iodide. 
OH The tendency of these bromides, especially the para-compound, 
‘| to resinify in presence of moist hydrogen iodide led to the use of 
| anhydrous acetic acid as solvent. Hydrogen iodide was prepared 
wos! by a slight modification of the method recommended by Norris and 


ly 
‘sin Cottrell (Amer. Chem. J., 1896, 18, 97), freed from iodine by passing 
it through a U-tube containing moist red phosphorus distributed 
'on glass-wool, and dried by means of phosphoric oxide. The 
solution employed in the reductions contained 0-4464 gram of 
JH. F HI per c.c. 

The reactions were carried out as follows in a thermostat main- 
tained at 25°. 

A quantity of the methoxybenzyl bromide was weighed in a small 
stoppered vessel, 5 c.c. of the hydrogen iodide solution were added, 
and reduction was allowed to proceed. Aliquot portions of the 

‘solution were removed at intervals, diluted with a large bulk of 
the} Water, and titrated with N/10-sodium thiosulphate. 
the} In the following tables are given, under ¢, the time, in minutes, 
_ which had elapsed between the initial mixing and the withdrawal 
ter, | of the sample of solution, and, under x, the percentage quantity 
per of bromide reduced, calculated on the assumption that the iodine 


ing liberated was produced in accordance with the equation. 

m- |) 

a- . Weight taken in { (i) 0-772; 
a) o-Methoxybenzyl bro . 8 me 

aw ybenzyl bromide gram. \ (ii) 0-395. 

ide (i) (ii) 

he EE, EE, 

| t. x. t. 2. 

ly. F 5 1:0 5 0 

of fi 15 2°7 15 3-2 

all 35 10°5 35 7-0 

- ; 75 16°3 75 0-9 

in) 195 26°38 275 23°5 
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(b) p-Methoxybenzyl bromide. Weight taken in ( (i) 0-902; 


gram. \ (ii) 0-415. 
(i) (ii 
oe ee, a, 
5 0-7 5 15 
15 1-4 15 2°3 
35 2-0 35 1-0 
75 3°9 75 3:0 
195 5°8 195 3°9 
(c) m-Methoxybenzyl bromide. Weight taken in / (i) 0-811; 
gram. \ (ii) 0-50. 
(i) (ii) 
5 49°8 6 37°0 
15 80°6 15 79°5 
35 89°7 35 93°3 
75 974 75 98°5 
175 99°8 175 98-0 


The authors’ thanks are due to the Department of Scientific 
and Industrial Research for a grant to one of us (J. B. S.) which 
enabled the work to be done. 
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CLXV.-——Decomposition of Benzyl Disulphoxide. 
By Joun ARMSTRONG SMYTHE. 


THE chemical reactions which the mono- and tetra-sulphoxides of 
benzyl undergo when heated in a dry state and in presence of acetic 
anhydride have been described in past communications (T., 1909, 
95, 349; 1914, 105, 546), and the study of the decomposition of 
benzyl disulphoxide has been undertaken with a view to comparing 
it with the mono- and tetra-sulphoxides. The results, which show 
several analogies in behaviour and some important differences, 
may be epitomised as follows. 

The disulphoxide (m. p. 109°) in the dry state is decomposed at 
150°, yielding only 15-3 out of a possible 23 per cent. of its weight of 
sulphur dioxide. The same decomposition evidently takes place 
when the compound is heated with acetic anhydride at 150° in a 
sealed tube, for the same amount of sulphur dioxide is liberated; 
the other products are benzyl monosulphide, benzyl disulphide, 
benzaldehyde, benzyl acetate, and benzyl acetyl sulphide (benzyl 
thioacetate). From the occurrence of the last compound, it is 
immediately evident that benzyl mercaptan is one of the primary 
products of decomposition. 
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To account for these facts it might be assumed that a portion of 
the disulphoxide suffered simple decomposition into benzyl mono- 
sulphide and sulphur dioxide, and that a reaction of oxidation and 
reduction then set in between monosulphide and disulphoxide, 
whereby monosulphoxide and disulphide were formed; the proved 
resolution of the monosulphoxide, in these circumstances, into 
mercaptan and benzaldehyde, along with certain secondary reactions 
to be detailed presently, would then account for all the observed 
products. Experiment shows, however, that the yield of sulphur 
dioxide is unaffected by intentional addition of benzyl sulphide, 
so that this interpretation is evidently faulty. 

A more probable supposition is that, initially, two concurrent 
ractions take place, namely, simple decomposition, as postulated 
above, and some such reaction of autoxidation and reduction as is 
represented by the equation : 
3(C,H;"CH,),8,0, = (C,H,-CH,).S, + 2C,H,-CHO + 

2C,H,;°CH,’SH +2S0,. 
From the constancy of the yield of sulphur dioxide, these reactions 
would appear to be equally affected by change of conditions. 

Once these products have entered the system, there are several 
opportunities for further changes to take place. It has been shown 
that mercaptan reduces the disulphoxide to benzyl disulphide, and 
is itself oxidised to the same compound, in presence of acetic 
mhydride; this secondary reaction obviously accounts for the 
large yield of disulphide. 

With respect to the two liquid products of reaction, the benzyl 
ester and the thio-ester of acetic acid, it has been shown that they 
awe formed simultaneously by the direct condensation of mercaptan 
and acetic anhydride and, presumably, the production of the benzyl 
ester involves the loss of the elements of hydrogen sulphide from the 
racting substances, though no evidence of this has been obtained. 
The relations between the two, as produced by the decomposition 
of the disulphoxide, are worthy of comment, for the experiments 
clearly indicate that at a temperature barely high enough to promote 
the decomposition, the ester is greatly in excess of the thio-ester, 
whereas at a temperature about 30° higher, the proportion of ester 
to thio-ester is only about 2: 1. 

In the sealed tube experiments, the liberated mercaptan finds 
itself in contact with three compounds capable of reacting with it, 
namely, benzyl disulphoxide, acetic anhydride, and benzaldehyde. 
The velocities of its reaction with the first two of these are so great 
that, for all practical purposes, condensation between mercaptan 
and aldehyde does not take place. The velocity of reaction between 
lercaptan and acetic anhydride, whereby the thio-ester is produced, 

VOL. CXXI. 3c 
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increases greatly with temperature; at 130° it is small compared 
with that between mercaptan and disulphoxide, at 160° it is r. 
sponsible for a considerable yield of thio-ester. The concomitant 
reaction, leading to the formation of benzyl ester, is probably but 
slightly influenced by change of temperature; but at the lowest 
possible temperature at which decomposition of the disulphoxide 
takes place, it is much more important than the normal reaction 
by which the thio-ester is produced; in fact, one of the most 
interesting results of this study is the discovery of the conditions 
favourable to the almost complete suppression of the normal 
reaction between mercaptan and acetic anhydride. The mutual 
oxidation and reduction of mercaptan and disulphoxide is essentially 
a low-temperature reaction, the velocity of which at 130° is com. 
parable with that leading to the formation of benzyl ester, but 
very much greater than that of the normal reaction whereby the 
thio-ester is formed. 

It follows from these considerations that the final composition of 
the system must vary according to the temperature of reaction. 
The quantitative data for one experiment, carried out at 130°, 
and expressed in percentages of the weight of disulphoxide decom- 
posed, are: benzyl disulphide, 40; benzyl monosulphide, 10; 
sulphur dioxide, 15. These data give information concerning the 
destination of all the sulphur in the disulphoxide, except that which 
passes into mercaptan. Allocating the remaining sulphur to this 
compound and the carbon and hydrogen left over to benzaldehyde 
and water, the following equation is obtained : 
15(C,H,;°CH,),8,0, = 7(C,H;"CH,),S8, + 2(C,H,;°CH,),8 + 

8C,H,-CHO + 4C,H,°CH,’SH + 10SO, + 2H,0, 
and this corresponds with the formation of disulphide, 41-3 ; sulphide, 
10-3; and sulphur dioxide, 15-3 per cent., in good agreement with 
the experimental values, and allowing also for liberal yields of 
benzaldehyde and the products derived from mercaptan. ‘This 
equation, it may be added, can be simply derived on the basis of 
the constituent reactions discussed above, assuming that of the 
fifteen equivalents of disulphoxide concerned, two suffer simple 
decomposition yielding sulphide and sulphur dioxide; twelve the 
more complex change reponsible, among other things, for the 
mercaptan; and the remaining one, reduction by half (four equiva- 
lents) of the mercaptan produced in the second reaction. 


EXPERIMENTAL. 


The decomposition of benzyl disulphoxide in the dry state was 
studied particularly with a view to the estimation of the sulphur 
dioxide evolved. For this purpose, the pure compound is heated 
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at 150° in a gentle stream of carbon dioxide, and the emergent gases 
are passed into standard iodine solution. For samples weighing 
about 1 gram, the reaction is complete in half an hour; duplicates 
agree well, and the weight of sulphur dioxide averages 15-3 per 
cent. of the weight of disulphoxide. The residue contains benzyl 
mono- and di-sulphides, smells strongly of benzaldehyde, and 
occasionally of benzyl mercaptan. 

There is no indication of any change when the disulphoxide is 
boiled for six hours with acetic anhydride, but in a sealed tube 
reaction is complete after six hours’ heating at 150°. Although a 
good deal of sulphur dioxide is present, there is no pressure observed 
in the tube on opening it, a fact to be explained by the excessive 
solubility of the gas in acetic anhydride. The products of reaction 
are distilled in a current of steam. Much sulphur dioxide is dis- 
engaged, acetic acid and a heavy oil are driven over, and there 
remains a non-volatile residue. The aqueous distillate is made 
slightly alkaline with sodium hydroxide and extracted with ether, 
and the ethereal solution shaken well with a concentrated solution 
of sodium hydrogen sulphite. On keeping over-night, a good crop 
of crystals is obtained, from which, by distillation with sodium 
carbonate, benzaldehyde, identified as its hydrazone (m. p. 157°), 
is regenerated. 

The ethereal liquor from the crystals is washed with water, dried 
with calcium chloride, and distilled in order to recover the oil in 
solution. The composition of this oil varies according to the 
temperature of decomposition of the disulphoxide. When this 
does not vary much from 150°, the greater part of the oil boils at 
240—250°, and has a strong mercaptan-like odour, although it is 
quite free from mercaptan, for when shaken with a solution of 
iodine the colour is not discharged. The composition of the oil 
was determined in the following manner. Total sulphur was 
estimated and found to be 7-88 per cent. A portion was hydrolysed 
with alcoholic potassium hydroxide, under reflux, for half an hour. 
After cooling, addition of hydrochloric acid set free benzyl mercaptan, 
and the acid solution was well shaken with excess of standard iodine 
solution and then titrated with standard sodium thiosulphate. In 
this way, the yield of mercaptan was found to be 27-4 per cent. of 
the weight of the material hydrolysed. From this it follows that 
the oil contained 36-7 per cent. of benzyl thioacetate (the other 
constituent being benzyl acetate, as was proved in the manner 
described below), and this mixture should contain 7-1 per cent. of 
sulphur, which is in fair agreement with the value found. The solid 
formed in the titration experiments by the action of iodine on 


mercaptan was identified as benzyl disulphide, m. p. 71°. 
3c 2 
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When the disulphoxide is decomposed at a~higher temperature 
(up to 180°), the yield of heavy oil increases ; at a lower temperature, 
it decreases and changes in composition. Thus, in one experiment, 
when the temperature did not exceed 130°, more than half of the 
disulphoxide was recovered unaltered and the volatile oil, after 
removal of benzaldehyde, had a pronounced fruity smell and boiled 
at 205—210°. By hydrolysis of this with aqueous sodium hydroxide 
and oxidation of the liberated alcohol, this oil was proved to be 
benzyl acetate, containing a small amount of benzyl thioacetate. 

The residue non-volatile in a current of steam solidified on cooling 
and was submitted to an exhaustive process of fractional crystallisa- 
tion. Two products only were isolated, namely, benzyl sulphide, 
m. p. 49° (Found: S = 15-09 per cent.), and benzyl disulphide, 
m. p. 81° (Found: S = 26-22 per cent.). Although benzyl tri- 
sulphide and benzaldehyde benzylmercaptal were expected, and 
careful search was made for them in the products of two different 
decompositions, no trace of either was found. 

The quantitative aspect of the decomposition of the disulphoxide 
was studied in one example. For the estimation of sulphur 
dioxide, tubes containing 1 gram of the compound and 5 c.c. of acetic 
anhydride were heated in the same furnace with a tube containing 
16 grams of disulphoxide and 30 c.c. of acetic anhydride. The 
results were: 16 grams of disulphoxide yield 8 grams of solid 
products, resolved into benzyl di- and mono-sulphides in the 
proportion of 4:1; sulphur dioxide, 15 per cent. 

From the study of this reaction there arise certain questions, 
which relate to the explanation of the primary changes involved, 
or to the secondary reactions between the products of reaction 
themselves, or some of these and the original disulphoxide. 

The possibility of reaction between monosulphide and di- 
sulphoxide was tested by determining the yield of sulphur dioxide 
produced from mixtures of, approximately, equal quantities of 
the two compounds. This was found to be 15-7 per cent., which 
is sufficiently near to the value observed for the pure disulphoxide 
to convince one of the improbability of any such reaction taking 
place. 

The reaction between benzyl disulphoxide and benzyl mercaptan 
has already been studied and found to proceed - quantitatively 
according to the equation : 


(C,H, CH,),8,0, + 40,H,-CH,"SH = 3(C,H,-CH,),S, + 2H,0, 


when the solution of the compounds in acetic acid is saturated with 
hydrochloric acid (Smythe and Forster, T., 1910, 97, 1199). The 
same reaction has been found to occur when the compounds are 


th 
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heated in the presence of acetic anhydride. The reaction is complete 
ina few hours; naturally, in this case, some benzyl thioacetate is 
formed along with the disulphide. 

On the other hand, sulphur dioxide has no action, under a variety 
of conditions, on benzyl mercaptan dissolved in acetic anhydride, 
although the quantitative formation of benzyl di- and tri-sulphides 
was established in the presence of acetic and hydrochloric acids 
(loc. cit., p. 1197). 

The formation of benzyl thioacetate has already been noted in the 
reaction between benzyl monosulphide and acetic anhydride 
(Smythe, T., 1909, 95, 366), and the compound was there described 
as a liquid ‘‘ with a powerful, mercaptan-like odour, which did not 
decolorise iodine. The liquid boils at a high temperature (about 
250°) with slight decomposition and does not solidify in a freezing- 
mixture.” This appears to be the only description of the compound 
extant and, accordingly, it was.thought desirable to prepare it by 
amore direct method. This was accomplished by boiling benzyl 
mercaptan and acetic anhydride in the proportion of 1 to 4, until 
test-samples, when mixed with water, had lost the power of decoloris- 
ing iodine; this happens after about twelve hours. The watery 
test-samples have then still a powerful smell, although not so 
sharp as that of the mercaptan, and, in addition, the pleasant 
fruity odour of benzyl acetate. The product is now shaken with 
dilute alkali, the oil extracted with ether and recovered by dis- 
tillation under reduced pressure. It forms a limpid liquid, boiling 
under atmospheric pressure at 248° (Found: S = 19-59. C,H,,0S 
requires S = 19-30 per cent.). Titration of the mercaptan formed 
from it by hydrolysis, according to the method described above, 
gave the value 70-80; whereas the calculated value is 74-7 per cent. 
This difference may arise from the inaccuracy of the method used, 
but since duplicate estimations agree perfectly, even when the 
method is slightly altered, it'seems more probable that the prepar- 
ation was not perfectly pure, but contained a small amount (5-2 per 
cent. calculated on the assumption that the titre-value is accurate) 
of benzyl acetate, which would appear to be an invariable con- 
comitant of the thio-ester. The amount of the preparation at 
disposal did not allow of more thorough purification. 


ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. [Received, April 20th, 1922.] 
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CLXVI.—The Dissociation Pressures of Hydrated Double 
Sulphates. PartI. Hydrated Cupric Alkali Sulphates, 


By Rosert Martin Caven and Joun FEercuson. 


It was shown by one of us in conjunction with H. J. 8. Sand (T., 1911, 
99, 1359; 1914, 105, 2752) that the dissociation pressures of the 
alkali bicarbonates diminish with rise in electropositiveness of the 
alkali metals from sodium to cesium. The present investigation 
was undertaken to discover whether the aqueous vapour pressures 
of hydrated double sulphates became modified in an analogous 
manner by exchanging one alkali metal for another in the well- 
known salts of the type RSO,,M,SO0,,6H,O, where M is the atom of 
an alkali metal, and R an atom of copper or other bivalent metal, 
and also by substituting another bivalent metal for copper whilst 
the same alkali metal was retained. 

Double sulphates of the above type were first investigated by 
Graham (‘‘ Chemical and Physical Researches,”’ printed for presenta- 
tion at Edinburgh, 1876), who observed that the salt 

CuSO,,K,S0,,6H,O 

became anhydrous when heated in air at a temperature not 
exceeding 132° and was disposed to retain two molecules of water 
when dried at 100° in open air. A list of the published investiga- 
tions on the aqueous vapour pressures of hydrated salts has been 
collected by Wilson (J. Amer. Chem. Soc., 1921, 43, 704), from which 
it appears that a comparison of the aqueous vapour pressures of 
analogous salts with a view of relating these pressures to the electro- 
chemical character of the constituent metals has not hitherto been 
undertaken. 

In the present paper an account is given of the salts 
CuSO,,M,S0,,6H,O, where M = potassium, rubidium, cesium, 
ammonium, and univalent thallium; cupric sodium sulphate is 
known to exist only as a dihydrate, and attempts to prepare the 
hexahydrate of this salt have yielded negative results. 

Since the vapour pressure of a salt hydrate at a given temperature 
is the equilibrium pressure in a three-phase system consisting of a 
vapour phase and two solid phases (hydrate and lower hydrate or 
anhydrous salt), it is essential first to determine what lower hydrates 
(if any) exist. 


Discovery of Lower Hydrates by Loss of Water from the Hexahydrates 
on Heating. 


For this purpose a method suggested by Hannay and employed 
by Ramsay (T., 1877, 32, 395) in his work on the hydrated oxides 
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of iron and aluminium was adopted. This method consists in 
measuring the rate of dehydration of the hydrate at constant 
temperature, by weighing a small quantity of the salt at intervals 
of time. 

Small weighed samples (0-2—0-3 gram) of the finely powdered 
salt were exposed on watch-glasses in a water-jacketed oven main- 
tained within 1° of constant temperature and were weighed at 
intervals. On plotting the loss, expressed as molecules of water 
per molecule of original hexahydrate, curves were obtained which 
became apparently horizontal after the loss of integral numbers of 
molecules. The table appended is sufficient to give an idea of the 
type of results obtained. 


Time in Loss in Time in Loss in 
Temp. hours, mols. Temp. hours. mols. 
Cupric Potassium Sulphate. Cupric Ammonium Sulphate. 
85° 2-00 4-03 57° 2-00 4-02 
55 12-00 4-00 45 1-00 3-15 
45 1-00 4-00 45 3-00 3-88 
45 3-00 4-02 45 65-00 3-99 
32 1-00 1-09 40 2-00 = 
= oie 382 Cupric Cesium Sulphate. 
7 ae 70 3-00 4-66 
Cupric Rubidium Sulphate. 70 6-00 5-38 
56 1-00 4-00 69 2-00 4-05 
56 5-00 4-04 69 6-50 4-75 
52 1-00 — 67 2-00 4-02 
Cupric Thallium Sulphate. 67 7-00 4-02 
70 7-00 4-01 “ oe “— 
47 16-00 3°88 
35 12-00 — 


From the table it is seen that each of the five cupric aikali sulphates 
examined dissociates on being heated, into water vapour and a 
dihydrate. Except in the case of cupric cesium sulphate dihydrate, 
these dihydrates do not lose water below 100°. The cesium salt is 
an exception, losing water completely at about 75°. The hexa- 
hydrates lose four molecules of water on being left for a few days over 
sulphuric acid in an evacuated desiccator. Again, in the case of 
the cesium salt, this is followed by a slow loss of the remaining 
two molecules. The dihydrates, on being exposed to the air, 
quickly become rehydrated, yielding the hexahydrates. They are 
blue in colour, and of a deeper blue than the hexahydrates. As 
noted by Graham (loc. cit.), the anhydrous double cupric sulphates 
are also blue. Cupric potassium sulphate dihydrate was obtained 
by Graham (loc. cit.), and cupric thallium sulphate dihydrate by 
Willm (Ann. Chim. Phys., 1865, [iv], 5, 5); the others have not 
hitherto been described. 

The accompanying table gives approximately the temperatures 


1408 CAVEN AND FERGUSON: THE DISSOCIATION 


at which rapid loss of four molecules of water occurs when the salts 
named are heated in air. 


K,SO,,CuSO,,6H,O ..................33°  (NH,),80,,CuSO,,6H,O ......... 49° 
Rb,SO,,CuSO,,6H,O ...............55  Cs,80,,CuSO,,6H,O  ........... 65 
T1,8O,,CuSO,,6H,O ..............00+- 60 


Measurements of Vapour Pressure. 


Method and Apparatus—The apparatus employed, shown in 
Fig. 1, was a slight modification of that used by Caven and Sand 


Fic. 1. 


U Co L 


(loc. cit.), and closely resembled the tensimeter described by John- 
ston (Z. physikal. Chem., 1908, 62, 333). Its use depended on 
balancing the pressure developed by the hydrate on one side of a 
mercury gauge, B, by air, admitted to the other, whose pressure was 
independently measured by means of a barometer, P, connected 
with the apparatus. Two instruments were used simultaneously, 
both being immersed in a large well-stirred thermostat kept within 
0-1° of any desired temperature from 20° to 80°. The flask of each 
tensimeter was of about 50 c.c. capacity and was partly filled with 
the hexahydrate and about 20 per cent. of dihydrate before evacu- 
ation, introduction of mercury to the gauge, and measurement. 


» Salts 


 & 
- 65 


N in 
Sand 
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Equilibrium was approached from both sides, and was attained in 
two or three hours at the most. 

The results of the vapour pressure measurements have been 
expressed by formule of the type : 

b ¢ 
logp=a4+n— ma a eee eS se 
where p is the pressure at the absolute temperature 7',.and a, b, 
and ¢ are empirical constants obtained by substituting three different 
experimental values of the pressure, and their corresponding temper- 
atures, in the above expression and solving the simultaneous equa- 
tions for a, b, and c. 

The heat in calories, @, absorbed per gram-molecule of water 
vapour in the dissociation is obtainable from the van’t Hoff isochore 
and its value at 50° has been calculated for each salt. 

The chemical affinity which manifests itself in the reaction 

CuSO,,M,S0,,2H,O + 4H,O0 = CuSO,,M,SO,,6H,O 
is measured by the maximum external work at constant volume and 
constant temperature which is done by the system in passing from 
the initial to the final state, and, per gram-molecule of liquid water, 
is given by the expression 


A = RT log, ?° et ai. RY ete oe ee 
Pi 


where pp» is the vapour pressure over water and p, that of the water 
vapour in equilibrium with the salt (compare Schottky, Z. physikal. 
Chem., 1908, 64, 422). 


Experimental Results. 

Copper Potassium Sulphate.—This salt was prepared by mixing hot 
saturated solutions of equivalent quantities of pure copper and 
potassium sulphates, and recrystallising the double salt obtained on 
cooling (Found : loss at 150° = 24-21. Cale., H,O = 24-45 per cent.). 
Eight grams of the hexahydrate and 2 grams of the dihydrate were 
placed in the flask. 


Pressure in mm. of Pressure in mm. of 
mercury. mercury. 

Calcu- Calecu- 
Temp. Rising. Falling. lated. Temp. Rising. Falling. lated. 
23-7° 7-6 — 7-6 62-6° — 130-4 131-2 
30-3 13-0 — 13-4 55-6 — 86-3 85-5 
34-9 19-5 — 19-5 44-5 — 39-4 40-5 
40-9 30-9 —- 30-9 39-1 — 26-8 27-1 
45-3 41-3 — 42-5 30-5 — 13-8 13-6 
51-8 66-9 — 66-9 13-8 — 3-0 2-8 
58-5 101-2 — 102-1 26-9 10-4 — 10-1 
64-9 151-0 _ 150-3 37-6 23-9 = 24-1 
76-8 288-4 — 288-4 44-5 40-6 — 40-5 
70-0 —_ 201-1 200-4 
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The numbers in the fourth column are calculated from equation 
(1) by making a = 4-574, b = 1251, and c = 696,500. Applying 
the van’t Hoff isochore, using the calculated values of p at 45° 
and 55°, Q is found to be 14,000 calories at 50°. The affinity value 
of the reaction at 50° is calculated to be 288 calories when pg = 92:5 
and p, = 59-0 in equation (2). 

Copper Rubidium Sulphate—Rubidium sulphate was prepared 
from rubidium nitrate (Merck’s reagent) by heating with sulphuric 
acid and subsequent ignition. The double copper rubidium sulphate 
was prepared and found to contain 20-17 per cent. of water (Calc., 
H,O = 20-21 per cent.). 


Pressure in mm. of Pressure in mm. of 
mercury. mercury. 
ities —— 
Caleu- ¥ Calcu- 
Temp. Rising. Falling. lated. Temp. Rising. Falling. lated. 
29-8° 8-3 _— 8-3 62-7° — 93-1 92-9 
34-7 12-5 —_— 12-5 55-0 — 57°3 56-9 
39-5 18-3 — 18-6 50-3 — 41-6 41-2 
45-4 28-0 — 29-0 43-2 — 24-5 24-7 
, 49-4 38-4 — 38-8 35-9 — 14-2 13-9 
54-7 55-8 —_ 55-8 30-2 — 8-9 8-6 
59-9 77-7 — 78-2 20-3 — 3-6 3:5 
70-1 145-2 — 145-2 


The numbers in the fourth colunin are calculated from equation 
(1) by making a = 4-930, b = 1040, and c = 682,600. 

Copper Thallous Sulphate-—Thallous sulphate was prepared by 
dissolving metallic thallium in sulphuric acid, evaporating to dryness, 
and heating gently. The product was recrystallised. The double 
salt, as prepared, contained 13-97 per cent. of water (Calc., H,O = 
14-01 per cent.). 


Pressure in mm. of Pressure in mm. of 
mercury. mercury. 
Caleu- Calcu- 
Temp. Rising. Falling. lated. Temp. Rising. Falling. lated. 
29-8° 6-1 — 6-1 45-6° — 22-7 22-4 
34-7 9-3 — 9-4 39-9 — 14-9 14-5 
39-5 13-5 a 14-0 62-8 72-9 oe 72-6 
45-4 22-3 — 22-2 55-0 — 43-8 44-1 
54-7 43-1 — 43-0 50-3 — 32-2 31-8 
59-9 61-1 — 60-5 43-2 — 18-7 18-9 
70-2 114-6 — 114-0 35-9 — 10-0 10-2 
63-3 — 73-9 75-2 30-2 — 6-4 6-4 
56-8 — 49-3 49-9 20-3 — 2-7 2-6 
51-4 — 33-8 34-2 


The calculated values are derived from equation (1) by making 
@ == 4-204, b = 1485, and c = 762,600. 

Copper Ammonium Sulphate—The double salt, as prepared, was 
found to contain the theoretical percentage of water. 


ae eae ae ee ae me 7 


ing 
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Pressure in mm. of Pressure in mm. of 
mercury. mercury. 

Calcu- Calcu- 
Temp. Rising. Falling. lated. Temp. Rising. Falling. lated. 
49-9° 26-6 — 26-4 60-9° — 57°5 57-9 
30-3 —- 5-1 4:8 54-5 — 37-2 36-6 
33-8 6-8 — 6-8 48-7 — 24-9 24-2 
40-5 12-9 — 12-8 42-8 — 16-2 15:1 
45-9 19-4 — 19-4 35-5 — 8-5 7-9 
51-2 29-3 — 29-2 49-2 25-5 — 25-1 
60-5 55-2 — 56-5 57-2 45-4 — 45-2 
77-7 += 159-6 — 160-3 63°4 67-7 — 67-6 
68-8 a 94-3 95-3 


The calculated values are obtained from equation (1) by making 
a = 1-254, b = 3562, and c = 1,132,600. 

Copper Cesium Sulphate—Cesium chloride, supplied by Poulenc 
Fréres, was converted into cxsium sulphate by treatment with 
sulphuric acid, and the double salt prepared as usual. The salt 
contained 17-37 per cent. of water (Cale., H,O = 17-17 per cent.). 


Pressure in mm. of Pressure in mm. of 
mercury. mercury. 
Caleu- Calcu- 
Temp. Rising. Falling. lated. Temp. Rising. Falling. lated. 
23-7° 1-6 — 1-9 66-9° — 77-4 77:1 
30-3 3-7 -- 4-1 62-6 — 58-4 60-1 
34-9 5-7 — 6-6 55-6 — 37°6 37-6 
40-9 10-8 — 11-5 50:8 — 26-8 26-4 
51-8 28-6 — 28-6 41-6 — 14-3 12-5 
58-5 44-2 — 45-9 37-6 — 9-9 8-6 
64-9 68-3 — 69-0 30-5 — 5-5 4:3 
77-8 138-0 — 139-0 17-1 — 0-8 0-5 
71:3 — 99-8 99-5 


The calculated values are obtained from equation (1) by making 
a= — 6-052, b = 8234, and c = 1,911,600. 

Fig. 2 shows graphically the variation of equilibrium pressure 
with temperature in the five systems of the type CuSO,,M,S0,,6H,O- 
CuSO,,M,SO,,2H,O-water vapour. The graphs were obtained by 
drawing smooth curves through the values of p, calculated from the 
above equations. 

In the appended table, under the heading p, are given the vapour 
pressures at 50°, under Q the heat of hydration in calories of the 
dihydrates to the hexahydrates per gram-molecule of water vapour 
at 50°, and under A the affinity of the hydration by liquid water 
expressed in calories. 


M. p. Q. A 
K 59-0 14,000 288 
Rb 40-5 14,500 530 
Tl 31-1 14,800 700 
NH, 26-7 15,850 805 
Cs 24-9 16,100 840 


30* 2 
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From this table it is seen that the vapour pressure is less, that js, 
the water of crystallisation is held more firmly, the greater the 
electropositiveness of the alkali metal in the double salt. The 
heat evolved in the combination of the lower hydrate with water 


Fia, 2. 
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also increases with the electropositiveness of the alkali metal, and 
the affinity of the process shows very markedly the same variation. 

The positions of thallium and ammonium relative to rubidium and 
cesium in the alkali metal series, as determined by these experiments, 
accord with those assigned to them by Tutton (T., 1903, 83, 1049; 


> Mi 
SRE 
Sn 


° 
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Proc. Roy. Soc., 1907, [A], 79, 351; 1910, [A], 83, 211) from observ- 
ations of the morphological and physical properties of their salts. 
Moreover, the present results may be supposed to relate directly to 
the basigenic properties of the metallic radicles concerned, since they 
express the power conferred on the double sulphate molecule of 
retaining water of crystallisation against the dissociating influence 
of rising temperature. The inference, therefore, is that the corre- 
sponding hydroxides stand in the following order of increasing 


basic strength : 
KOH, RbOH, TIOH, NH,OH, CsOH. 


The statement that ammonium hydroxide is really a strong base 
will not be accepted without demur. It may be suggested, however 
(Braun, Abegg’s ‘‘ Handbuch der Anorganischen Chemie,” III, 3, 
74), that the low hydroxidion concentration reached in an aqueous 
solution of ammonia is due not to the feeble ionisation of existing 
ammonium hydroxide: but to the instability of this compound. 
If, therefore, a large proportion of the ammonium hydroxide 
produced in aqueous solution is ionised, the substance need not be 
disqualified from being regarded intrinsically as a strong base. 

The powerfully basic properties of tetra-alkylammonium hydr- 
oxides may consequently be due chiefly to their great stability, so 
that in solution they give a high concentration of hydroxidion, 
instead of dissociating into amines and alcohols. 

It is proposed to investigate the aqueous vapour pressures of 
cupric alkylammonium sulphates in order to ascertain if they differ 
greatly from those of cupric ammonium sulphate ; and also to examine 
the effect of substituting other bivalent metals for copper, whilst 
retaining the same alkali sulphate, and so to discover the gradation 
of these metals as regards the vapour pressures of their hydrated 


double sulphates. 
Summary. 


1. It has been shown that dihydrates of the type 
CuSO,,M,S0,,2H,O 
exist in the case of double sulphates of copper and rubidium, 
ammonium, or cesium. Dihydrates of copper potassium sulphate 
and copper thallous sulphate are already known. 

2. The vapour pressures in the systems CuSO,,M,S0,,6H,O- 
CuSO,,M,SO,,2H,O-water vapour have been measured for each of 
the five double sulphates at various temperatures between 20° and 
80°, and the results expressed by formule of the type 


b Cc. 
log p=a@+7- 7a: 
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3. The vapour pressures diminish with increasing electropositive. 
ness of the alkali metal, whilst the heats and affinities of the reactions 
increase. 

4. Univalent thallium and ammonium have been shown to lie 
between rubidium and cesium in the alkali metal series, the order 
being Rb, Tl, NH,, and Cs. 


In conclusion, we desire to express our thanks to the Governors 
of the Royal Technical College, Glasgow, for a scholarship which has 
enabled one of us (J. F.) to engage in this research. 


CHEMICAL RESEARCH LABORATORY, 
Royat TEecHNIcCAL CoLLEGE, Guascow. [Received, May 31st, 1922.) 


CLX VII.—Experiments on the Synthesis of the Polyacetic 
Acids of Methane. Part VI. Methanetriacetic 
Acid and its Unstable Esters. 


By CHRISTOPHER KELK INGOLD and EDWARD ARTHUR PERREN. 


Part IV of this series (T., 1921, 119, 1865) dealt with the conditions 
of formation by the cyanoacetic ester method of those esters of 
the methanetriacetic acid series which are stable in the presence 
of sodium ethoxide. In the present paper it is proposed to examine 
the principles on which a method for the preparation of the unstable 
methanetriacetic esters can be based. 

During the course of the experiments described in Part III (T., 
1921, 119, 1582), it was observed that ethyl «-cyano-y-methyl- 
glutaconate (I) possesses a marked tendency to pass into a solid 
ester (m. p. 87°), to which the formula (II) was assigned : 

cH<CH(CN )-CO,Et CO,Et-CH(CN)-CH—CMe-CO,Et 
CMe’CO,Et CO,Et-CMe-CH-CH(CN)-CO,Et 
(I.) (II.) 

Often the solid ester (II) was almost the sole product of the series 
of direct and retrograde Michael condensations by means of which 
it was expected to obtain the glutaconic ester (I). It was noticed, 
further, that the solid ester (II) was never formed if the condensations 
were conducted in the presence of a small excess of sodium ethoxide. 

These facts appeared at that time highly singular, and as we were 
quite unable to deduce the general principle on which they depended, 
they were passed by without comment. Subsequently, however, 
it seemed to us that they were not without parallel amongst open- 
chain substances, and that in all probability an important generalis- 
ation was involved. 
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In the paper referred to (loc. cit.), it was clearly proved that 
substituted methanetriacetic esters of the type (III) undergo fission 
in the presence of sodium ethoxide : 


CHX-CO,Et a 
mm) CHC CHY-CO,Et —> CH<CHACO.Et CH,Y-CO,Et . (A) 
\CHZ-CO,Et at 


the reaction being a retrograde Michael condensation (type A). 
If this reaction is a general one, it should apply to cyclic methane- 
triacetic esters (IV), which ought to undergo fission in the following 


way : 


CX:CO,Et CX-CO,Et 
| CHC >CRR’ —» CH’ >CRR’ | . . .@B 
av.) | CY-CO,Et || CHY-CO,Et - 
CHZ-CO,Et CZ-CO,Et 


The solid ester (II) belongs to type IV, and in the presence of 
sodium ethoxide should undergo fission (B), giving a product 
(type III) which should break down further in accordance with 
reaction A : 


CMe-CO,Et aia 
CH’ >CH-CH(CN):CO,Et HMe:CO,Et 
en J — 2CH 
- CHMe-CO,Et SC(CN)-CO,Et 
C(CN)-CO,Et (A form of I.) 


Experiment showed that in the presence of sodium ethoxide the 
solid ester was rapidly and quantitatively converted into the 
original ester (I), so that the action of sodium ethoxide in inhibiting 
the formation of the solid ester was satisfactorily accounted for. 

This observation had a far wider significance, for it opened up 
the possibility of synthesising and isolating methanetriacetic esters 
which had previously been believed to be unobtainable on account 
of their instability towards sodium ethoxide. This important 
issue has been tested experimentally and the results obtained have 
completely confirmed the assumption on the basis of which the 
experiments were instituted. The most valuable practical result 
isa very simple and convenient synthesis of methanetriacetic acid. 

The difficulty which in many cases attends the conversion of 
mobile glutaconic esters into substituted methanetriacetic esters 
by condensation with ethyl cyanoacetate was traced in Part I 
(T., 1921, 119, 341) to the permanence of the normal (unreactive) 
forms of the glutaconic esters employed, and in Part III (loc. cit.) 
it was shown that of the limited number of methanetriacetic esters 
that are capable of being formed by this method a large proportion 
are unstable and decompose completely into smaller molecules 
under the conditions of their formation. One of the best methods 
of ensuring the formation of a condensation product is to employ 
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a glutaconic ester in which the stability of the normal form has been 
reduced by the introduction of an «-substituent, and substituents 
such as the cyano- and carbethoxyl-groups possess the advantage 
for this purpose that they can easily be eliminated afterwards by 
hydrolysis. Unfortunately, however, the presence of «-substituents 
in methanetriacetic esters is the principal condition of their insta. 
bility, and, consequently, the formation of a condensation product 
in these cases has generally to be inferred by the isolation in excellent 
yield of its fission products. This combination of obstacles seemed 
quite insuperable at the time when the conditions of formation of 
the stable methanetriacetic esters were discussed in Part IV (loc. cit.), 
but it appears now that unstable esters containing as many as three 
a-substituents can be isolated and rendered available for synthetical 
work, 

The principle involved is a simple one: the equilibrium for the 
Michael condensation of sodium derivatives (C) is, in general, 
not the same as the equilibrium between the esters themselves (D) : 


CR’R”CR”’’-CO,Et + CHNaX:CO,Et == 


GR’R”(CHR’-CO,Et)-CNaX:CO,Et . . (C) 
CR’R’:CR’”-CO,Et + CH,X:CO,Et == 
CR’R”(CHR’”-CO,Et)-CHX-CO,Et .  . (D) 


This follows at once from the fact that the heats of the two reactions, 
(C) and (D), must differ by an amount equal to the difference between 
the heats of formation from their respective esters of the two sodium 
derivatives. The general tendency appears to be for the reaction 
(D) between the esters to favour most the formation of the condens- 
ation product, although the velocity of this reaction is always much 
smaller than that of reaction (C), and is frequently too small for the 
method to be of service in synthetical experiments. 

The most easily prepared of all the glutaconic esters is the dicarb- 
ethoxy-compound (V) obtained by the action of chloroform on ethyl 
sodiomalonate. This substance contains two «-substituents and 
therefore should exhibit a considerable tendency to condense with 
ethyl cyanoacetate; indeed it has already been shown (Part III) 
that the reaction between the sodium compounds proceeds as follows : 


CNa(CO,Et) P 
aes 2+ CHNa(CN) ae —_ 


ONa(CO,Et), 
HCOCH(CO, Bt), = —> CH< NaN - 


+ CHNa(CO,Et) 
BN GNaCclty -CO,Et O,Et wilt: 


the tri-«-substituted methanetriacetic ester being formed in good 
yield and decomposed almost quantitatively. This condensation 
is therefore not only an excellent test-case for the theoretical prin- 
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ciple which is to be applied, but also an instance of practical utility ; 
for, as all the «-substituents are capable of being eliminated by acid 
hydrolysis, the condensation product, if it could be obtained in 
good yield, would be a valuable and easily accessible source of 
methanetriacetic acid. 

Under conditions which are given in the experimental part of 
this paper, ethyl dicarboxyglutaconate (V) condenses with ethyl 
cyanoacetate, giving ethyl cyanodicarboxymethanetriacetate (VII), 
the first tri-«-substituted methanetriacetic ester of type (III) to 
be described. Subsequent fission occurs to some extent, but the 
methanetriacetic ester can be isolated in fairly good yield from the 
condensation product, which is a mixture of all five of the following 


substances : 


cH<CH(CO;Et), + OH(CN)-CO,Et = 


C(CO, Et), 
(V.) (VI.) 
CH(CO,Et), E 
HZ CHIC 0,Et), <> CH< CH (CN).CO, yt CH2(CO,Et), 


oe NGHICNCGEt 
(VII.) (VIII.) (IX.) 

Since the ester (VII) can be smoothly hydrolysed to methane- 
triacetic acid, CH(CH,*CO,H),, the method constitutes an important 
improvement on the synthesis previously described (Ingold, T., 
1921, 119, 352). 

The condensing agent employed was piperidine. The use of 
this substance as a catalyst for the condensation of «f-unsaturated 
esters with substances of the type of ethyl cyanoacetate is not new 
(compare, for instance, Knoevenagel and Mottek, Ber., 1904, 37, 
4464), and there can be little doubt but that it will find a large 
application in the future to cases in which the retrograde reaction 
is pronounced under the usual conditions of the Michael condensation, 

As was anticipated (T., 1921, 119, 1586) before ethyl cyano- 
dicarboxymethanetriacetate (VII) was isolated, this substance is 
completely decomposed by sodium ethoxide into ethyl cyanocarb- 
oxyglutaconate and ethyl malonate. 


EXPERIMENTAL. 

(A.) Condensation of Ethyl Dicarboxyglutaconate with Ethyl 
Cyanoacetate in the Presence of Piperidine. Isolation from the 
Equilibrated Product of Ethyl Malonate, Ethyl «-Cyano-y-carboxy- 
glutaconate, Ethyl w-Cyano-w'w'’-dicarboxymethanetriacetate, Ethyl 
ay-Dicarboxyglutaconate, and Ethyl Cyanoacetate. 

A mixture of ethyl dicarboxyglutaconate (50 grams), ethyl 
cyanoacetate. (15 grams), and piperidine (1‘5 grams) was kept at. 
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the ordinary temperature for some definite period (see section B), 
at the end of which the whole was poured into dilute sulphuric acid 
and extracted with ether. 

Ethyl Dicarboxyglutaconate and Ethyl «-Cyano-y-carboxyglutaconate. 
—The insoluble, yellow sodium compound obtained by shaking 
the ethereal extract with sodium carbonate was separated by frac. 
tional crystallisation from ethyl alcohol into ethyl sodiodicarboxy. 
glutaconate and a nitrogenous compound, which could not be 
completely purified. By hydrolysis with 50 per cent. sulphuric 
acid, the latter yielded glutaconimide (2 : 6-dihydroxypyridine), 
which was identified by its characteristic appearance (long, feathery 
needles), its melting point (192°), and nitrogen-content (Found: 
N = 12°3. Cale., N = 12°6 per cent.), its coloured ferric salt, and its 
green oxidation product. The formation of this substance from 
ethyl cyanocarboxyglutaconate by hydrolysis has previously been 
observed by Errera (Ber., 1898, 31, 1241). 

Ethyl Malonate and Ethyl Cyanoacetate.—These esters were isolated 
together as a “ low ” fraction when the oil contained in the above- 
mentioned ethereal extract was distilled under diminished pressure. 
In the case of condensations which had been allowed to proceed 
for three weeks or more, the quantity of ethyl cyanoacetate recovered 
was negligible, the appropriate fraction giving pure malonamide 
on treatment with ammonia. 

Ethyl w-Cyano-w'w”’ -dicarboxymethanetriacetate (VII).—The liquid 
which remained in the distilling flask after the ethyl malonate and 
ethyl cyanoacetate had passed over, consisted of ethyl] cyanodi- 
carboxymethanetriacetate together with a small amount of ethyl 
cyanocarboxyglutaconate, which, apparently, cannot be com- 
pletely removed by washing with aqueous sodium carbonate. Ethyl 
cyanodicarboxymethanetriacetate distils at 242°/17 mm. without 
decomposition, whilst ethyl cyanocarboxyglutaconate decomposes 
completely when the attempt is made to distil it. Consequently, 
when the above-mentioned mixture was distilled, ethyl cyanodi- 
carboxymethanetriacetate alone collected in the receiver (Found : 
C= 54-2; H=6-7. C, 9H.,0,9N requires C = 54-2; H = 6-6 per cent.). 

Ethyl w-cyano-w'w" -dicarboxymethanetriacetate is a _ colourless 
oil which is decomposed by alcoholic sodium ethoxide into ethyl 
«-cyano-y-carboxyglutaconate and ethyl malonate, and is hydrolysed 
by strong mineral acids to methanetriacetic acid. 


(B.) Partial Condensation. Times Required for the Formation of 
Equilibrium Mixtures. 


It is unnecessary to give a complete summary of our experiments 
on this subject since the main conclusion to which they have led 
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can be reached by considering the results of two typical experiments. 
Two condensations were carried out under the conditions described 
on p. 1417, one for seven days and the other for twenty-one days. 
The yields in grams of the various substances are given in the follow- 
ing table, in reading which it is to be remembered that the yields 
of ethyl cyanocarboxyglutaconate are obtained by difference and 
therefore are somewhat too high. 


Ethyl 
Ethyl The cyanocarb- 
dicarb- Ethyl methane- oxyglut- Ethyl 
Time oxyglut- cyanoacet- triacetate aconate malonate 
(days). aconate (V). ate (VI). (VII). (VIII). (TX). Total. 
7 16 5 22 15 7 65 
21 3 1 32 20 9 65 


Denoting, for the sake of brevity, these five substances by the 
numerals attached to their formule, we find figures for the quantities 
per cent. of each of the three components of the consecutive reversible 


reactions : 


(V)+ ee (VII) =] (VIII) + (1X) 


Ist reaction 2nd reaction 
and for the amounts per cent. of condensation in respect of each 
reaction : 


Percentage of First reaction. Second reaction. 
Time (V)+ (VIII) + 100 (VII) __ 100 (VII) 
(days). (VI). (VII). (IX). (V)+(VID+(VII) (VII+(VITI)+(1X) 
0 100 0 0 0 100 
7 32 34 34 52 50 
21 6 49 43 89 53 


Hence the equilibrium of the first reaction favours the condensation 
product much more than the equilibrium of the second reaction 
does; but the first reaction is slower, requiring about one month 
to reach its equilibrium, whilst the second reaction is almost in 
equilibrium within a week. It follows that the production of the 
condensation product (VII) does not pass through a maximum 
(as would be the case if the first reaction were the faster), but 
increases gradually with advancing time up to about 50 per cent. 
in three or four weeks, 


(C.) Preparation of Methanetriacetic Acid. 
The following process was evolved as the result of a series of 


comparative experiments. 

Condensation.—The condensation of ethyl dicarboxyglutaconate 
(50 grams) and ethyl cyanoacetate (15 grams) is allowed to proceed 
in the presence of piperidine (1-5 grams) for three weeks at the 
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ordinary temperature and then for a further one week at 0°. The 
product is freed from piperidine by washing with dilute acid, dis. 
tilled until the ethyl malonate and ethyl cyanoacetate have passed 
over, and then hydrolysed without further purification. 

Hydrolysis ——The crude ester (1 part), mixed with cold’ concen. 
trated sulphuric acid (1 vol.), is allowed to remain at the ordinary 
temperature for fifteen hours, after which water (1 vol.) is added and 
the whole heated until carbon dioxide ceases to be evolved (about 
one hour). After cooling, a further quantity (0°5 part) of water is 
added and the mixture boiled for one hour, again cooled, diluted 
with water (1 vol.) and then boiled for three hours under a condenser 
sufficiently short to permit the escape of the alcohol vapour evolved, 
Finally, the liquid is cooled and saturated with ammonium sulphate, 
and the methanetriacetic acid extracted with ether. The yield 
of the crude acid, m. p. 103—109°, is 13 grams, which shows that 
if the original condensation product can be assumed to be formed 
to the extent of 50 per cent., the yield on hydrolysis is 74 per cent. 
of the theoretical. 2 :6-Dihydroxypyridine, evidently derived 
from the ethyl cyanocarboxyglutaconate present in the crude 
condensation product, crystallises from the sulphuric acid solution, 
but it is not extracted by ether. 

Purification —When slightly impure, methanetriacetic acid 


cannot be crystallised from solvents, and it is, in consequence, very | 
difficult to purify by the usual methods. The traces of impurity | 
which accompany the acid are, however, readily oxidised by warm | 
alkaline permanganate, which leaves the methanetriacetic acid | 
unattacked. The recovered acid is very pure and can be crystallised | 


without difficulty from ether. 


The crude product obtained by hydrolysis (above) is dissolved | 
in aqueous sodium carbonate at 60° and treated with successive | 
quantities of 4 per cent. permanganate until an excess remains even | 
after keeping for several hours at this temperature. The solution | 
is then decolorised by means of sulphur dioxide, and the oxides | 
of manganese are collected and extracted twice by treatment | 
with steam. The combined filtrates are evaporated to a small | 


bulk, acidified with hydrochloric acid, and extracted with pure ether. 
The acid crystallises from ether in needles, m, p. 126°. The highest 


melting point previously recorded is 115°. The 13 grams of crude | 


acid obtained as described above yield 11 grams of pure acid. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, May 30th, 1922.] 
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(LX VIII.—Studies in Optically Active Dyes. Part I. 
Camphoreins. 


By Bawa Karrar Sineu, Racuunatu Rat, and Ratran Lat. 


Ir has already been shown (Collie, T., 1893, 63, 961) that camphoric 
anhydride and resorcinol can be condensed to produce a dyestuff 
yhich is a camphorein structurally analogous to fluorescein. In 
the same way, it might be expected that camphoric anhydride could 
be condensed with phenolic substances generally to produce dye- 
stuffs analogous to phthaleins. Owing to the optical activity of 
amphoric anhydride, it might be expected that the camphorein 
dyes would also be optically active. It is well known that mole- 
cular asymmetry which causes optical activity often also causes 
glective action with living matter and proteins; for example, 
certain optical antimers are known to have quite different action 
as drugs, quite different taste, and so on. This consideration led 
us to think that optically active dyes might possess special value 
as selective histological stains. We have studied further the 
preparation and properties of the dyestuff formed by the condens- 
ation of camphoric anhydride and resorcinol, and we have also 
prepared new camphoreins by the condensation of camphoric 


fianhydride with phenol, o-cresol, quinol, catechol, phloroglucinol, 
Jand pyrogallol. The following derivatives of these dyestuffs have 


also been prepared, namely, tetrabromoresorcinoleamphorein, 


| phenoleamphorein anhydride, diacetylphenoleamphorein, o-cresol- 


camphorein anhydride, diacetyl-o-cresoleamphorein, dibromo-o- 


| cresoleamphorein, and tetra-acetylpyrogalloleamphorein. Optical 
} rotation has been observed and measured in the cases of o-cresol- 
| camphorein and its diacetyl derivative. In the other cases, it has 
] not been possible to observe optical rotation on account of the deep 
| colour of the solutions. Some of the dyes are easily diffusible 
3 | through animal membranes, and have staining properties for animal 
} and vegetable tissues, but they have not yet been examined for 


selective staining properties. As a result of similarity in chemical 
structure, the camphoreins resemble the corresponding phthaleins 


| in their general properties. 


Colour and Absorption Spectra.—The halogens have generally been 
recognised to act as “ bathychromes,” the introduction of which 
should deepen the colour of the compound. The cases of o-cresol- 
camphorein (reddish-brown) and its dibromo-derivative (yellow), 
however, do not support this rule. From a comparative study of 
the colours of the phthaleins and camphoreins, both in the solid state 
and in alkaline solution, it is found that the colour of the latter 
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compounds is shifted in most cases to the red end of the spectrum: 
this is in harmony with the general behaviour of the diphenyl. 


Fia. 1. 


Frequencies. 
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Dibromo-o-cresolcamphorein. 
Phenolcamphorein. 
o-Cresolcamphorein. 

ans 5 ee © — Phenolphthalein. 


methane derivatives, to which the camphoreins belong, but the 
deeper colour of phenoleamphorein (reddish-brown) as compared 
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Tum: with that of phenolphthalein (colourless) cannot be accounted 


Fie. 2. 
Frequencies, 
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Resorcinolcamphorein. 

Resorcinolphthalein. 

Quinolcamphorein. 
—o—o—o— Catecholcamphorein. 
—..—.-— Pyrogalloleamphorein. 
—..-.—.--— Phloroglucinolcamphorein. 
—x—x—x— Tetrabromoresorcinoleamphorein. 


The absorption curves of these compounds, plotted in the usual 
way, are given in Figs. 1 and 2. The curves for phenolphthalein, 
o-cresoleamphorein, and phenoleamphorein (Fig. 1) are very similar, 
giving absorption bands at the frequencies set out below : 


Frequency of the Ordinate of the head 
head of the band. of the band. 

1. Phenolphthalein 0°55 

2. o-Cresoleamphorein 1:27 

3. Phenolcamphorein 1°95 
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A thicker layer of solution is, however, requirea in order to obtain 
the band of o-cresoleamphorein than in the case of phenolphthalein, 
and a still thicker layer of solution is required in the case of phenol. 
camphorein. No absorption band was observed in the case of 
dibromo-o-cresoleamphorein. 

Resorcinoleamphorein (Fig. 2) gives a band at 497-5 py; resor. 
cinolphthalein has a similar band at 490-0 yu, but this is seen at 
lower concentrations. At the concentrations examined, no bands 
were observed in the case of catechol- and quinol-camphoreins, 
but the general shape of the curve of quinoleamphorein is the same 
as in quinolphthalein, except for the band which Meyer and Fischer 
observed at 612-5 wp (Ber., 1911, 44, 1944). In the bromo-deriy. 
ative of resorcinoleamphorein, the general absorption is shifted 
towards the red end of the spectrum, according to Nietzki’s rule. 

The fluorescence of these compounds can be explained on the 
hypothesis of a “ double symmetric tautomerism,” as in the case 
of the phthaleins, but its absence in phloroglucinoleamphorein and 
pyrogallolecamphorein, the formule of which are also capable of 
being written in double symmetric tautomeric forms, has still to 
be accounted for. 

Classification of the Dyestuffs —(a) These dyestuffs may be classed 
as acid mordant dyes. They dye wool and silk (mordanted with 
aluminium, iron, and chromium salts) from a bath containing sodium 
sulphate and excess of sulphuric acid. 

(6) Their chemical structure brings them under the diphenyl- 
methane series of dyes, since they are similar in constitution to the 
succineins and phthaleins. 

(c) There is a third mode of classification, which is of importance 
in histological work. It is based on the complexity of the mole- 
cules of dyes, which may be divided into three classes according to 
the ease with which they pass through parchment paper membrane. 

The diffusible dyes are of low molecular complexity, and pass 
through the membrane with comparative rapidity, for example, 
eosin, picric acid, and Bismarck-brown. ‘The colloidal dyes are of 
high molecular complexity, and give solutions which are precipi- 
tated by small quantities of salt, and scarcely pass through the 
membrane at all, for example, Congo-red. There is an intermediate 
group of semi-colloidal dyes which pass slowly through the mem- 
brane, for example, magenta and methyl-violet. In histology, it is 
only the diffusible and semi-colloidal dyes that are of importance 
as stains. From the experiments on dialysis of phenoleamphorein, 
o-cresoleamphorein, quinoleamphorein, and _ resorcinoleamphorein, 
it is found that the camphoreins belong to the class of diffusible 
dyes and can act as stains for animal or vegetable cells. 
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EXPERIMENTAL. 
Phenolcamphorein, CO<p8 4 >C(CgHy-OH)». 


Camphoric anhydride (4-5 grams) and phenol (7 grams) were 
heated together on the water-bath. About 4 grams of stannic 
chloride were added to the molten mixture, and the heating was 
continued for twelve to fourteen hours. On cooling, the soluble 
portion was extracted with water three or four times. The residue 
was extracted with dilute ammonia, filtered, and reprecipitated 
by the addition of dilute acetic acid. After a repeated treatment 
with ammonia and dilute acetic acid, the precipitate was extracted 
with ether, and the solution evaporated. The residue was dissolved 
in alcohol, purified with animal charcoal, and precipitated as a 
reddish-brown mass melting at 84°. It is soluble in ethyl alcohol, 
ether, chloroform, benzene, or acetone. It is insoluble in water, 
but dissolves in alkalis with a pink colour (Found: C = 74-54; 
H= 7:19. C,..H,,0 requires C = 75-0; H = 6-82 per cent.). The 
solution was so dark that the rotatory power could not be deter- 
mined. It dyes wool and silk yellow from a bath containing sodium 
sulphate and excess of sulphuric acid with chrome and iron mordants. 

Poor yields are obtained when zinc chloride is used in place of 
stannic chloride, and strong sulphuric acid decomposes the product 
above 100°. 

The diacetyl derivative was obtained as a yellow substance by 
heating phenoleamphorein and excess of acetic anhydride with a 
few drops of pyridine, but was not analysed. 


Phenolcamphorein Anhydride, co< stu <6>0.— 
6144 


45 Grams of camphoric anhydride were heated with 7 grams of 
phenol, to the melt 4 grams of stannic chloride were added, and the 
heating was continued at 120—125° for eight hours. On cooling, 
the melt was poured into water, boiled to drive off the excess of 
phenol, extracted with very dilute potassium hydroxide solution, and 
filtered (the filtrate being treated for phenoleamphorein). The 
residue was extracted with chloroform, filtered, and the chloroform 
evaporated off. It was then crystallised from 80 per cent. acetic 
acid, after being treated with animal charcoal, as a dark brown 
mass melting at 120—123°. It is soluble in ethyl alcohol, ether, 
chloroform, acetic acid, or acetone, and insoluble in water. It 
shows green fluorescence in acetic acid, and, to a less extent, in 
ethyl alcohol (Found: C = 79-05; H = 6-11. C, ,H,.O0, requires 
C = 79-34; H = 6-58 per cent.). 


SINGH, RAI, AND LAL: 


H ‘OH M 

o-Cresolcamphorein, a aed OH Me R 
\7Z *, 
\ Fs 


Camphoric anhydride (4-5 grams) and excess of o-cresol (8 grams) 
were melted in an oil-bath, and stannic chloride (4-8 grams) was 
added. The heating was continued for eight hours at 120—125°, 
On cooling, the melt was poured into water and steam-distilled to 
remove the excess of cresol. The undissolved, reddish-brown mass 
was filtered off, washed with water, and extracted with dilute 
ammonia. (In this way o-cresoleamphorein anhydride and stannic 
chloride were left behind.) The filtrate, on acidification with dilute 
acetic acid, precipitated o-cresoleamphorein. For further purifica- 
tion, o-cresoleamphorein was extracted with chloroform, the solvent 
evaporated, and the residue dissolved in ethyl alcohol, boiled with 
animal charcoal, and filtered. The filtrate, on dilution with water, 
precipitated o-cresoleamphorein as a reddish-brown mass melting 
at 78—80°. It is soluble in ethyl alcohol, ether, chloroform, 
acetone, or benzene, and sparingly soluble in water. It dissolves in 
alkalis, giving pink solutions, which change to yellow on neutral- 
isation (Found : C = 75-64; H = 7-2. C,,H,,0, requires C = 75-79; 
H = 7-37 per cent.). 

The yield of cresoleamphorein was very poor when zine chloride 
was used as the condensing agent. 

The rotatory power was determined in ethyl alcohol at 16° ina 
2-dem. tube : 0-0242 gram, dissolved in 50 c.c., gave ap = + 0-09°, 
whence [«], = + 93° and [M], = + 353° approximately. 

It is not a good dye. It dyes wool light yellow (2 per cent.) and 
dark yellow (8 per cent.) with iron and chrome mordants. 

The diacetyl derivative, prepared in the usual way, was obtained 
as a yellow substance, melting at 68—70°. It is soluble in ethyl 
alcohol, ether, chloroform, acetone, acetic acid, or benzene, and 
insoluble in water (Found: C= 7232; H=7-5. CygH,)0, 
requires C = 72-01; H = 6-9 per cent.). 

The rotatory power was determined in ethyl alcohol in a 2-dem. 
tube: 0-0540 gram, dissolved in 100 c.c., gave «, = + 0-072°, 
whence [a], = + 67° and [M], = + 309° approximately . 

The dibromo-derivative was obtained by treating the camphorein 
dissolved in ethyl alcohol with excess of bromine. The product, 
purified by precipitating the alcoholic solution, was obtained as a 
yellow substance darkening at 120° and melting at 125°. It is 

soluble in methyl or ethyl alcohol, ether, chloroform, acetone, or 
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benzene, and insoluble in water (Found: C = 53-1; H= 48. 
CygHyg9,Br. requires C = 53-53; H = 4-83 per cent.). 

o-Cresoleamphorein Anhydride, Sao —The 
residue left after treatment with dilute ammonia in the prepar- 
ation of o-cresoleamphorein was extracted with ether, the filtered 
solution evaporated, and the residue, having been well washed with 
dilute ammonia until the washings were colourless, was washed with 
water, dissolved in glacial acetic acid, and boiled with animal char- 
coal. The filtrate, on being diluted with water, precipitated a dark 
brown mass, which melted at 125—130°. It is readily soluble in 
ethyl alcohol, ether, chloroform, or acetic acid, and insoluble in 
water. The substance exhibits a green fluorescence in acetic acid 
solution (Found: C= 79-43; H = 7-34. C,,H,,0, requires 
(= 79-55; H = 7-18 per cent.). 


n, Fst C.H,(OH) 
Quinolcamphorein, ‘ O- §2C< C.H,( oH)?’ 

A mixture of camphoric anhydride and quinol in molecular 
proportions was heated with excess of stannic chloride at 120—130° 
for twelve hours. On cooling, the product was washed with chloro- 
form to remove excess of unchanged camphoric anhydride and boiled 
with water to free it from quinol and excess of stannic chloride. 
The residue was dissolved in glacial acetic acid, from which it was 
precipitated, on dilution with water, as a dirty green powder. In 
order to purify it further, it was dissolved in ether, the filtered solu- 
tion evaporated, and the residue dissolved in glacial acetic acid and 
precipitated by the addition of water as a yellowish-brown powder 
melting at 115—120°. It is very soluble in ethyl alcohol, ether, 
acetic acid, or acetone, and sparingly soluble in chloroform. It 
exhibits fluorescence in sodium hydroxide, sodium carbonate, ethyl 
alcohol, ether, and acetic acid solutions (Found : C = 72:6; H = 6-55. 
Cy2H 20; requires C = 72-1; H = 6-01 per cent.). 

Quinoleamphorein has very little dyeing property, as no marked 
colour is developed on the fibre with even 5 or 6 per cent. solution. 


< SoH 

- Fh 

Catecholcamphorein, BX OH 
con 


A mixture of camphoric anhydride (1 part), catechol (2 parts), 
and fused zinc chloride (2 parts) was heated at 140—150° for three 
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to four hours. The product was treated with boiling water t 
remove the excess of catechol, and the residue having been dissolved 
in ethyl alcohol, boiled with animal charcoal and filtered, the soly. 
tion, on dilution with water, yielded an oil, which was dissolved jn 
sodium hydroxide solution and precipitated on acidification as 4 
dark red substance melting at 128—138°. It is very soluble jn 
ether, ethyl alcohol, acetic acid, acetone, chloroform, or benzene, 
and insoluble in water. It exhibits green fluorescence in sulphuric 
acid solution (Found : in material dried at 105°, C = 68-6; H = 6-18. 
CygH,,O,g requires C = 68-7; H = 6-25 per cent.). 


C 
Phloroglucinolcamphorein, 18 “4 >cC< O 


A mixture of camphoric anhydride (1 part) and phloroglucino! 
(2 parts) was heated at 160—170° for one to two hours. (The 
addition of a drop or two of sulphuric acid as a condensing agent 
hastens the reaction.) The product, on cooling, was powdered, 
washed well with chloroform, dissolved in dilute aqueous sodium 
hydroxide, and the filtered solution neutralised with dilute hydro- 
chloric acid, when a very light, colloidal precipitate was formed. 
_For further purification, it was dissolved in glacial acetic acid and 
precipitated by the addition of water as an orange-yellow substance 
melting at 215—218°. It is very soluble in ethyl alcohol, ether, 
acetic acid, or acetone, sparingly soluble in water, and insoluble in 
benzene or chloroform (Found: C = 60-65; H = 5-68; loss at 
105—110° = 8-26. C,,H,.07,,2H,O requires C = 60-83; H =5-99; 
H,O = 9-29 per cent.). 


4 
CB” YOR 
Pyrogalloleamphorein, 60-0 O ae + $H,0. 
| 
OO’ 
| pou 


A mixture of camphoric anhydride (1 part) and pyrogallol (2 parts) 
was heated at 200° for a few minutes; the melt was then cooled to 
160°, and a drop or two of sulphuric acid added, the heating being 
continued for three to four hours at the lower temperature. On 
cooling, the product was powdered and washed first with water and 
then with chloroform to remove any unchanged camphoric anhydride. 
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The residue was dissolved in glacial acetic acid ;” the oil precipitated 
by the addition of water solidified on rubbing. It was purified 
by boiling in glacial acetic acid with animal charcoal, and was there- 
after precipitated by water as a deep reddish-brown substance 
melting at 155—158°. It is very soluble in ethyl alcohol,’ acetic 
acid, or acetone, and insoluble in ether, benzene, chloroform, or 
water (Found: C = 64:8; H = 6-0; loss, at 105—110° = 2-28. 
(ygH»907,3H,O requires C = 64:85; H = 5-65; H,O = 2-21 per 
cent. Found, in material dried at 105—110°, C = 66-78; H = 5-61. 
(gH .0, requires C = 66-3; H = 5-53 per cent.). 

The substance dyes wool in deep brown shades on chromium, 
aluminium, tin, and iron mordants. 

The tetra-acetyl derivative, prepared in the usual way, is a light 
brown substance melting at 92—94°. It is soluble in acetic acid, 
chloroform, acetone, or benzene, sparingly soluble in ether or ethyl 
alcohol, and insoluble in water (Found: C = 63-1; H = 5-04. 
CspH 901, requires C = 63-6; H = 5-36 per cent.). 


Tetrabromoresorcinolcamphorein (Camphoreosin), 


OH Br 
iia Aug 
ore Oo 

Nee 


Resorcinoleamphorein (1 part), prepared by Collie’s method 
(loc. cit.), was dissolved in ethyl alcohol, and treated with an alco- 
holic solution of bromine. The product precipitated by water was 
dissolved in sodium carbonate solution, precipitated with dilute 
sulphuric acid, and obtained from ethereal solution as a reddish- 
yellow powder melting at 133—135°. It is soluble in ethyl alcohol, 
acetic acid, ether, chloroforfii, or acetone, less soluble in benzene, 
and practically insoluble in water (Found, in material dried at 105— 
110°, C= 364; H=4-07. C,.H,,0;Br, requires C = 38-7; 
H = 2-62 per cent.). 


Experiments on the Diffusion of Dyes through Parchment Membranes. 


An alcoholic solution of phenoleamphorein (4 per cent.) was put 
ina dialyser, which was placed in a dish containing alcohol.. The 
alcohol in the outer vessel was renewed every few hours. ¢ In about 
thirty-six hours, the colour of the solution both inside and outside 
the dialyser had become the same, that is, a state of equilibrium had 
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been reached. In the case of o-cresoleamphorein, this occurred jy 
about forty-eight hours, and in those of resorcinoleamphorein and 
quinoleamphorein in about seventy-two hours. The dialyser was 
tested with an aqueous solution of Congo-red before and after the 
experiment. In neither case did any Congo-red pass out through 
the membrane. 


Experiments on Staining of Animal Tissues with the Dyes. 


An animal tissue (the tongue of a snake) was prepared as a thin 
section and treated, in the usual way, with an alcoholic solution of 
the dye. Tetrabromoresorcinoleamphorein took about five minutes 
to produce a good stain, resorcinoleamphorein about twenty 
minutes, and quinoleamphorein gave a very faint colour even after 
staining it for three to four hours. 

Tue CHEemicaL LaBoraTorY, 
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CLXIX.—Ring-chain Tautomerism. Part II. The Effect 
of the gem-Diethyl Group on the Carbon Tetrahedral 
Angle. 


By SHANKAR SHRIDHAR DESHAPANDE and JOCELYN FIELD 
THORPE. 


THE alteration in the tetrahedral angle formed by two of the four 
valencies of a carbon atom by the attachment of groups or ring 
complexes to the remaining two valencies has been shown to be 
affected by two main causes : 

(a) The volumes of the attached groups (compare T., 1921, 119, 
306, 951, 2001). 

(6) The initial alteration of the angle of any two valencies due 
to their participation in a ring complex (compare T., 1915, 107, 
1080; 1919, 115, 320; 1920, 117, 1579; 1921, 119, 810, 1199, 
1315; this vol., p. 514). 

Hitherto the evidence brought forward under (a) has been based 
on the behaviour of certain groups, all of which have belonged to 
the single-carbon series. Thus, for example, the gem-dimethyl 
group had been found to afford valuable information regarding the 
relative effect of complexes of this particular kind (loc. cit.). 

There would be no reasons for supposing that hydrocarbon 
radicles higher in the series would exercise an effect different from 
that of the methyl group were it not for certain facts which have 
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been from time to time recorded and which seem to point to a 
different conclusion. For example, Freund and Fleischer (Annalen, 
1910, 373, 291) have shown that whereas diethylmalonyl chloride 
reacts with benzene in the presence of aluminium chloride to form 
the substance (I), the corresponding dimethylmalonyl chloride 
gives no trace of the compound (II), but yields products of a com- 


(\-% Oo 
(I.) 
weg Et, NG Me, | 


position which shows that no tendency whatever exists, in this 
case, for the formation of the indandione ring. 

The question is an important one, because, if it were possible, by 
means of the gem-diethyl group or a gem-group composed of hydro- 
carbon radicles higher in the series, to cause the tetrahedral angle 
to be deflected to an extent greater than that produced by the 
gem-dimethyl group but less than that caused by the cyclohexane 
ring, certain interesting phenomena would, in all probability, reveal 
themselves. 

One of these, and the one for which search has hitherto been made 
in vain, is that which would be shown by two substances, one an 
open-chain ketone and the other the isomeric hydroxy ring com- 
pound, which, owing to the fact that the deflection of the tetrahedral 
angle had brought the two carbon atoms attached to the valencies 
affected into suitable positions, would react in the same manner 
as a keto-enol open-chain compound : 


-CH,CO <= -CH=C(OH) 


co (OH) 
Doce, = 0b 
exhibiting, in other werds, tautomerism of type (C) (compare this 


vol., p. 651). 

Now, it will be remembered that in the cyclohexane series the 
hydroxy ring acid (III) is stable. It is, for example, unaltered by 
aqueous caustic alkali (see p. 1432) and is produced from the 


the 


dibromo-ester (IV) through the agency of strong potash. 


CHBr-CO,Et Br-CO,H 
— C;Hyy-C i 
CS CHEE CO, Et wO< H-CO,H 
OH)-CO,H 
Hyic< oH an. 
CsHio Oa = 
On the other hand, the stable form in the gem-dimethy] series is 
the open-chain keto-acid (V), because, not only is it unaltered by 
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aqueous caustic alkali, but, when any attempt is made to produce 
the hydroxy ring acid by the action of strong alkali on the dibromo. 
ester (VI), the product consists of the keto-acid (in its hydrated form) 
together with the ethoxy-compound (VII).* 


CHBr-CO,Et ((OH)(OEt)-CO,H C(OEt)-CO,H 
Me,C : —> Me,C 
™ ScHBr-CO,kt Me<on,-cO,H Sb-co,H 
{ (VI.) (VIL) 
C(OH)-CO,H C(OH),-CO,H CO-CO,H 
Me,C nN —> Me,C 
°C <b.00,H MesC<o47,.CO,H &C<oH7,.CO,H 


The formation of these substances can only be explained on the 
assumption that the hydroxy ring acid is first formed and that it 
then undergoes fission, through the addition either of water, or of 
the alcohol formed during the hydrolysis of the bromo-ester, in the 
manner illustrated above. This view is supported by the fact that 
if alcoholic potash in used instead of the aqueous reagent the sole 
product is the ethoxy derivative (VII). Having, therefore, con- 
ditions present in the gem-dimethyl series which favour an open- 
chain structure and in the cyclohexane series which lead to a stable 
ring form, it is possible to picture a molecular condition due to the 
deflection of the tetrahedral angle to some point between 109° 28’, 
the value in the gem-dimethy] series, and 107° 16’, the value found 
for the cyclohexane series (T., 1915, 107, 1082), which would enable 
the keto-acid and its hydroxy-ring isomeride to behave as tautomeric 
substances. 

The experiments described in the present paper show that the 
gem-diethyl group produces the desired conditions, and that the 
two compounds (VIII) and (IX) are tautomeric in accordance with 
the definition of the term given in Part I (this vol., p. 651), that is 
to say, either individual is converted by a 64 per cent. aqueous 
solution of potash into an equilibrium mixture composed approxi- 
mately of 38 per cent. of the keto-acid and 62 per cent. of the 
hydroxy ring acid. 


CO-CO,H (OH) COS ay. 
CH,-CO,H = BLC<¢y.con) | O*? 


The effect of the gem-diethyl group compared with that of the 
gem-dimethyl group in deflecting the tetrahedral angle and thus 
increasing the ease of formation and stability of the cyclopropane 
ring is also apparent when the cis- and trans-forms of 3 : 3-diethyl- 
cyclopropane-1 ; 2-dicarboxylic acid (X) and (XI) are compared 


(VIIL) Et,0< 


* It follows that the presence of the ethoxy-group in the a-position favours 
the formation of the ring. This point is emphasised by experiments on the 
methyl ethyl derivatives by Mr. Balbir Singh which will shortly be published. 
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with the corresponding compounds of the gem-dimethyl series 
(XII). For, whereas in the dimethyl series fission occurs readily 


CH-CO.H CO,H-CH 
, M4 (1 | 2 \ 
(X.) Et,C<H-C0,H BOS .CO,H (XI1.) 
OH H 
: | eee, *, | 
XII.) .«CH-CO,H —> - (XIII.) 
( MCS COH Me,C-CH(CO,H)-CH, 


in the presence of dilute mineral acid yielding terebic acid (XIII), 
the diethyl acids are, like the similar compounds derived from 
cyclohexane, quite unaltered even at a high temperature by con- 
centrated acid (compare T., 1915, 107, 1091). 

The substances described in this communication were prepared 
fom ((-diethylglutaric acid, CO,H-*CH,°CEt,*CH,°CO,H, which 
was obtained by Guareschi’s method from diethyl ketone and ethyl 
cyanoacetate in the presence of ammonia. The acid was di- 
brominated and converted into the dibromo-ester (XIV) and the 
corresponding dibromo-acid. The dibromo-acid is evidently the 

CHBr-CO,Et .-CHBr-CO ry 
Scupr-co,Et — P&CScHprco7 &Y) 
cis-modification because, on treatment with acetyl chloride, it is 
converted into the anhydride (XV). 

The dibromo-ester (XIV) can be distilled under diminished 
pressure without undergoing decomposition into the bromo-lactone 
ester and ethyl bromide in accordance with the general equation : 


__CHBr-CO,Et _-CH(CO,Et)0 
RsC<cHBrco,Et — B:C<cHBr——dco + EtBr. 


The ester behaves, therefore, like the corresponding dibromo- 
ester in the dimethyl series (T., 1901, 79, 754) and unlike the 
analogous ester in the cyclohexane series, which cannot be distilled 
without change. This difference in behaviour was commented on 
in the case of the dibromo-ester derived from cyclopentane (T., 
1920, 117, 1582), which was found to behave more like the dibromo- 
ester in the dimethyl series than that obtained from cyclohexane 
in spite of its cyclic structure and higher molecular weight. In 
fact this property was one of those advanced in order to show that 
the cyclopentane derivatives conformed to the general hypothesis 
outlined in the series of communications on the formation and 
stability of spiro-compounds. It is, perhaps, difficult to draw 
conclusions from a reaction such as this where the occurrence of 
cis- and trans-forms, one of which is most certainly converted into 
the other on distillation, complicates the issue. It is evident that 
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(XIV.) Et,C 
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one form will tend to lose ethyl bromide more readily than the 
other, and the proportions in which the two occur in the original 
mixture cannot be controlled. Moreover, any slight difference iy 
the pressure and speed under which the distillation is carried out 
must have a marked effect on the character of the product. 

Still, on broad lines, and eliminating variables as far as possible, a 
reaction of this kind carried out with substances of similar con. 
stitution may be considered to afford valuable confirmatory evidence 
regarding general molecular structure, and the fact that in the gem. 
diethyl series the dibromo-ester is stable, falls into line with the 
general view that the effect of the two ethyl groups compared with 
that of the two methyl groups not only leads to increased stability 
and ease of formation of the cyclopropane complex, but also affects 
the closing of the five-membered heterocyclic ring. This aspect is 
also illustrated by the behaviour of the lactone (XVI) and its ester 
(XVII), the formation and properties of which are described in the 
experimental portion. 


CH(CO,H)-O Etc _CH(CO,Et): ’ 
CH(OH)—-CO tx°S\cH(OH)— 
It is of interest to note that the hydroxy-lactonic acid eid is 


unaltered by strong aqueous caustic potash and there is thus no 
evidence of tautomerism between the forms 


(XVL) Et,C< go (XVI) 


Hydroxy-lactonic acid—Hydroxy ring acid—Keto-acid, 
proof of the occurrence of which was brought forward in the case 
of Balbiano’s acid in Part I of this series (this vol., p. 651). 

A curious reaction, and one which we believe is without parallel, 
is shown by the cis-acid (X), which is not transformed into the 
anhydride when treated with acetyl chloride in the usual manner, 
but is converted into the trans-acid. The only convenient way by 
which the anhydride can be prepared is through the trans-acid by 
means of acetic anhydride at a high temperature. 

The experiments described in this paper show, therefore, that 
the ethyl group deflects the tetrahedral angle to a greater extent 
than the methyl group, but that the effect of two of them is not so 
great as that which is due to the cyclohexane ring. Since it has been 
shown that one of the causes of deflection can be ascribed to the 
molecular volumes of the groups attached to two of the carbon 
valencies, it follows that both carbon atoms of the ethyl group exert 
an influence on a carbon atom linked to one of them, and that the 
effect is not that of a single carbon atom, as might be supposed 
from the usual formula, CH,—CH,—C. 
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EXPERIMENTAL. 


Condensation of Diethyl Ketone with Cyanoacetic Ester in the Presence 
of Alcoholic Ammonia. Formation of the Imide. 


A mixture of 216 c.c. (2 mols.) of cyanoacetic ester and 86 grams 
(| mol.) of diethyl ketone was treated at 0° with 500 c.c. of alcoholic 
ammonia (saturated in a freezing mixture). The mixture having 
been well shaken and kept for two days at room temperature, the 
unchanged ketone was removed by extracting the highly diluted 
solution with ether. The aqueous portion, on acidification with 
concentrated hydrochloric acid, deposited crystals of the imide, 
which were washed and dried. The mother-liquor was evaporated 
to dryness and a further small quantity of the imide obtained by 
extracting the ammonium chloride from the residue with the 
theoretical quantity of water. The total yield was only 81 grams 
or 37 per cent. of the theoretical. 

Hydrolysis of the Imide. Preparation of 6(-Diethylglutaric 
Acid.—A solution of the imide (75 grams) in concentrated sulphuric 
acid (225 c.c.) was diluted with water (45 c.c.) and gently heated 
for an hour until carbon dioxide ceased to be evolved. After 
cooling, 168 c.c. of water were added and the solution was heated 
under reflux for five hours. On standing, a thick cake of the acid 
formed on the surface of the liquid. The acid was extracted five 
times with ether, the extract dried, and the ether distilled off. 
From the residual liquid the acid crystallised in long needles. The 
yield of the crude acid was 56 grams (theory requires 60 grams). 

Dibromination of 88-Diethylglutaric Acid—The bromination was 
tried under various conditions. The acid was converted into the 
acid chloride by phosphorus pentachloride or thionyl chloride. 
Bromine was used 20 per cent. in excess of the theoretical quantity. 
In the first few experiments the reaction was carried out before a 
naked are light, but afterwards diffused daylight proved to be 
equally efficient, with one disadvantage, however, that the bromo- 
compound invariably contained in suspension particles of sulphur, 
which obviously came from the thionyl chloride. 

88-Diethylglutaric acid (100 grams) was mixed with 127 grams 
of thionyl chloride in a Gaister flask fitted with a double-surface 
water condenser. A violent reaction took place with the evolution 
of sulphur dioxide and hydrogen chloride. The water-condenser 
was then replaced by the usual air-condenser and the flask warmed 
on the steam-bath until no more sulphur dioxide was generated. 
Dry bromine (71 ¢.c.) was then added in instalments to the liquid 
mass, the addition extending over a period of at least six hours. 


The temperature of the bath was kept throughout at 70°. In about 
3D 2 
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fifteen hours the reaction was finished. The product of the reactig, 
(129 c.c.) was poured into 360 c.c. of absolute alcohol with constan; 
cooling, and the whole heated to boiling. The liquid, after standing 
for some time, was poured into 1080 c.c. of water and extracted 
withether. The ethereal extract, washed with 2N-sodium carbonate 
to remove the acid product of bromination which is also formed iy 
the reaction, and with water to remove traces of alkali, was dried 
over calcium chloride for an hour ; the oil remaining after distillation 
of the ether weighed 156 grams. The sodium carbonate washings. 
were acidified with hydrochloric acid; the acid ester, which was 
extracted with ether, weighed 31 grams. 

Ethyl a«'-dibromo-$8-diethylglutarate (XIV) boils at 190°/7 mn. at 24 
(Found : Br * = 39°65. C,,H,,0,Br, requires Br = 39°8 per cent.), 196. 

aa’-Dibromo-88-diethylglutaric Acid.—In another experiment onf 7) 
the dibromination of {$-diethylglutaric acid, phosphorus _penta- vith 
chloride was used in place of thionyl chloride, and the product of On c 
bromination was poured into three volumes of 85 per cent. formic iq { 
acid. The excess of formic acid having been removed on the. 
steam-bath, the residual liquid was kept over potassium hydroxide sleoh 
in a vacuum until no more solid would separate, the mother-liquor J; 
was drained away, and the crystalline mass was washed twice with}. y 
a mixture of chloroform and petroleum and recrystallised from 


benzene, when the dibromo-acid separated in thick prisms melting fe 
sharply at 153° with decomposition (Found : C = 31:4; H = 408;]).,, 
Br = 46:09. C,H,,0,Br, requires C = 31:2; H = 4:0; Br = 46:24]. ;,, 
per cent.). i 
A. Action of Concentrated Alkali on the Monobromo-acid Ester. me . 

Formation of cis- and trans-3 : 3-Diethylcyclopropane-| : 2- _ 

dicarboxylic Acids (X and X1). wa 


A solution of 60 grams of potassium hydroxide in 50 c.c. of water J 77 
is concentrated by boiling until it attains a temperature of 150°. E jot, 
Twenty grams of the acid ester are then added as quickly as is J ¢ a¢ 
consistent with safety, and the very violent reaction is allowed to § yore 
subside. The trans-acid, precipitated from the cooled, diluted, mhy 
acidified solution, is collected, the filtrate is extracted with ether, § yas 
and the semi-solid mass which remains on distilling off the ether is liqui 
drained on porous tile; the total weight of the crude solid obtained J yag 
is 6 grams. The 

The solid on the porous tile consists of the cis-acid together with Jig |, 
a small quantity of the trans-isomeride. Their separation is effected | Tp 
by dissolving the solid in boiling water and filtering quickly, when J jhoy 


* Estimated by the lime method. Results about 5 per cent. too low were J iiqui 
obtained by the Carius method. (The 
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the trans-acid separates at once from the filtrate. The mother- 
liquor, on concentration, gives a crop of the cis-acid. A further 
crop of the same acid is obtained by evaporating the mother-liquor 
to dryness and seeding the gum with a crystal of the cis-acid. The 
total quantities of the trans- and cis-acids collected are 3°2 grams 
and 2°8 grams respectively. 

trans-3 : 3-Diethyleyclopropane-1| : 2-dicarboxylic acid (XI) is 
fairly easily soluble in acetone, sparingly soluble in cold water, and 
insoluble in benzene or chloroform; it dissolves only slowly in 
dilute sodium carbonate solution. The acid sublimes when heated, 
and crystallises from boiling water in long prisms melting sharply 
at 240° (Found : C = 58:1; H = 7:5; M (dibasic), by titration = 
186. CyH,,0, requires C = 58:0; H = 7°5 per cent.; M = 186). 

The dianilide of the trans-acid was prepared by heating the acid 
with excess of freshly distilled aniline at 200° for half an hour. 
(n cooling, the solid product was ground with dilute hydrochloric 
acid to remove the excess of aniline and with dilute sodium carbonate 
olution to remove any unchanged acid, and crystallised twice from 
iohol, from which the anilide separated in light needles melt- 
ing at 274° with decomposition (Found: C = 740; H = 7-4. 
(),H.,O.N, requires C = 75°0; H = 7'1 per cent.). 

cis-3 : 3-Diethyleyclopropane-1 : 2-dicarboxylic acid (X) is ex- 
tremely soluble in acetone, and is much more soluble in cold water 
than the trans-acid; but it resembles the latter in being insoluble 
in benzene or chloroform. When heated under reduced pressure, 
the acid partly melts and partly sublimes. For analysis, the acid 
vas crystallised from a mixture of acetone and petroleum, from 
which it separated in small prisms melting at 170° with immediate 
bss of water vapour (Found: C= 579; H= 745. C,H,,0, 
requires C = 58°0; H = 7°5 per cent.). 

The Anhydride of the cis-Acid.—As has been stated in the intro- 
luctory part, the anhydride could not be prepared by the action 
if acetyl chloride on the cis-acid. Four grams of the trans-acid 
were heated in two batches with 20 c.c. of freshly distilled acetic 
mhydride for six hours at 250°. The excess of acetic anhydride 
vas removed under slightly reduced pressure, and the residual 
liquid distilled at a pressure of 25mm. A fraction, b. p. 140—160°, 
vas obtained, but the quantity was too small for redistillation. 
The quantity of carbon found on analysis was about 2 per cent. 
too low, due, evidently, to the admixed impurity of acetic anhydride. 

The anhydride was ultimately obtained by heating the cis-acid 
ibove its melting point under reduced pressure. After cooling, the 
liquid anhydride was separated from the solid, unchanged cis-acid. 
(The anhydride“could not be obtained by distilling the cis-acid under 
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reduced pressure, as part of the cis-acid sublimed.) The liquid 
was analysed (Found: C = 64:08; H = 7:06. C,H,,0, requires 
C = 64:3; H = 7:1 per cent.). 

The anhydride is extremely hygroscopic and is readily transformed 
into the cis-acid on exposure to moisture. 

A portion of the anhydride obtained by the acetic anhydride 
method was poured into water, and another portion into a benzene 
solution of aniline. In both these solvents it dissolved, readily in 
the former on gentle warming, and in the latter at the ordinary 
temperature with evolution of heat. The aqucous solution was 
boiled for a minute and gave crystals of the cis-acid after concen. 
tration and rubbing; the acid was identified by the method of 
mixed melting point. The benzene solution deposited crystals of 
the anilic acid, BGC oe Ph’ which was recrystallised from 
alcohol, when it separated in small needles melting at 192—194° 
with loss of water vapour (Found : C = 69°4; H = 6°97. C,;H,,0,N 
requires C = 68°96; H = 7:2 per cent.). 


The anil, Bt,CC Tar coo NPhs was obtained by heating the 


anilic acid above its melting point until water vapour ceased to be 
evolved. The product was rubbed with dilute sodium carbonate 
solution to remove the unchanged anilic acid, and crystallised from 
alcohol, the anil being obtained in small needles melting at 120° 
(Found: C= 742; H= 7-03. C,;H,,0,N requires C = 74°07; 
H = 6°99 per cent.). 


(B) Hydrolysis of the Dibromo-ester (XIV). 


(i) Hydrolysis with Dilute Sodium Carbonate Solution. Formation 
of the Hydroxy-lactonic Acid (XV1) and its Ethyl Ester (XVII).— 
Twenty grams of the dibromo-ester (0°05 gram-mol.) were boiled 
with 125 c.c. of 2N-sodium carbonate for twenty-four hours, any 
unchanged ester was then extracted with ether, the aqueous portion 
was acidified with concentrated hydrochloric acid, and the acid 
solution saturated with ammonium sulphate and extracted five 
times with ether. The ethereal extract was dried and the ether 
distilled off. The residual syrup, on seeding with a crystal of the 
lactonic acid previously obtained from its ethyl ester (p. 1439), 
gave a semi-solid mass, which was spread on porous tile. The crude 
solid obtained weighed about 3 grams. 

During the process of drying the ethereal extract over calcium 
chloride a precipitate was formed, which was found to be the acid 
calcium salt of the keto-acid (VIII). 

The hydroxy-lactonic acid is extremely soluble in water, acetone, 
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or ethyl acetate, sparingly soluble in ether, and very sparingly 
gluble in hot benzene. For analysis, it was crystallised twice 
fom a mixture of benzene and ethyl acetate, when it separated in 
thick prisms, m. p. 148—149° (Found: C = 53°58; H = 6°83. 
(yH 495 requires C = 53°40; H = 6°93 per cent.). 

The Ethyl Ester of the Hydroxy-lactonic Acid (XVII).—In the 
frst attempt to prepare the lactonic acid (XVII), the syrup 
could not be induced to solidify even after keeping for two months. 
It was therefore esterified by heating on the steam-bath for four 
hours with three times its weight of ethyl alcohol and a few drops 
of sulphuric acid. The acid and the neutral esters were separated 
as usual. The neutral ester solidified even without distillation. 
It was crystallised from a mixture of chloroform and petroleum 
b. p. 40—60°), when it separated in needles melting at 94—95° 
found: C=569; H=76. C,,H,,0; requires C = 57°4; 

= 7°8 per cent.). 

On boiling with 16 per cent. hydrochloric acid for three hours, 
this ester gives a quantitative yield of the hydroxy-lactonic acid 
(XVI). 

(ii) Hydrolysis with Concentrated Alkali. Formation of «-Keto-88- 
diethylglutaric Acid (VIII) and the Cyclic Hydroxy-acid (1X).— 
Twelve grams of the dibromo-ester are added slowly to a boiling 
solution of 36 grams of potassium hydroxide in 42 c.c. of water and 
the mixture kept at the boiling point until the oil has dissolved. 
After cooling and diluting, any unchanged ester is removed by ether, 
the solution acidified with hydrochloric acid and extracted at least 
five times with ether, and the extract dried over sodium sulphate. If 
calcium chloride is used as the drying agent, a precipitate is formed 
consisting of the acid calcium salt of the keto-acid. The syrup which 
remains after distilling the ether, after rubbing, becomes semi-solid 
in the course of two days. The mass is drained on porous tile and 
the solid collected, the yield being about 2 grams. 

The solid consists chiefly of the keto-acid together with a small 
quantity of the cyclic hydroxy-acid (IX). The separation is effected 
by means of dry ether, in which the cyclic hydroxy-acid is almost 
insoluble. The separation can also be effected by hot benzene, 
which dissolves the keto-acid only. 

a-Keto-88-diethylglutaric acid is extremely soluble in water, 
acetone, or ether, fairly easily soluble in hot benzene or chloroform, 
and insoluble in petroleum. It crystallises from benzene or from 
a mixture of acetone and petroleum in stellate clusters of needles 
softening at 125° and melting at 127—128° (Found: C = 53°25; 
H = 6°85; M (dibasic), by titration = 203. C,H,,0; requires 

= 53°40; H = 6°93 per cent.; M = 202). 
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The semicarbazone is precipitated at once on mixing aqueous 
solutions of semicarbazide hydrochloride and sodium acetate and 215 
of the keto-acid. It crystallises from alcohol in small prisms 
melting at 181° with sudden decomposition (Found: N = 1608. 
Ci9H,,0;N; requires N = 162 per cent.). 

The keto-acid forms a soluble neutral calcium salt and an insoluble 
acid calcium salt. The latter, like the acid potassium salt of tartaric 
acid, is precipitated from a solution containing equivalent quantities 
of the neutral calcium salt and the keto-acid (Found: Ca = 8°3. 
C,gH,,0; Ca requires Ca = 9°0 per cent.). 

3: 3- Diethyleyclopropan - 1 -ol-1:2-dicarboxylic Acid (IX), 
Sixteen grams of the dibromo-ester are poured as quickly as is 
consistent with safety into a boiling solution of 56 grams of potassium 
hydroxide in 48 c.c. of water. After heating for two minutes, 
cooling, and diluting, any unchanged ester is removed with ether, 
and the aqueous portion is acidified with hydrochloric acid and 
extracted five times with ether. The extract is dried over anhydrous 


sodium sulphate, and the ether distilled off. The residual syrup, TT 
on rubbing, becomes semi-solid in the course of a day. The mass § 4a! 
is spread on porous tile, and the solid collected. The yield is about § the: 
4 grams or 50 per cent. of the theoretical. E 

The solid consists of about 3-5 grams of the cyclic hydroxy-acid 48 | 
and 0°5 gram of the keto-acid. The separation, as stated in the J t 
previous experiment, is effected by means of dry ether or hot § pot 
benzene, in which the cyclic hydroxy-acid is almost insoluble. mat 

3 : 3-Diethyleyclopropanol-1 : 2-dicarboxylic acid is fairly easily } hy4 
soluble in cold acetone, moderately soluble in hot water, and alk 
insoluble in chloroform. It crystallises from water or from a fad 
mixture of acetone and benzene in plates melting at 199—200° 1 
(Found: C = 53:3; H=66; M (dibasic), by titration = 202. | det 
C,H,,0; requires C = 53°4; H = 6°93 per cent.; M = 202). wa: 

The acid does not form an acetyl derivative. After heating with § aq 
excess of acetyl chloride on the steam-bath, the acid was recovered J co 
unchanged. Benzoyl chloride also has no action. The presence § etl 
of the hydroxyl group therefore could not be directly established, } OV 
although the analyses of its ethyl ester and the dianilide clearly ] wa 
prove that the acid cannot have lactonic structure. pr 

The peculiar property of the inactivity of the hydroxyl group* § th 
shown by this acid is also displayed by other acids of the same § im 
type, for example, cyclohexanespirocyclopropanol-2 : 3-dicarboxylic f 00 
acid (T., 1915, 107, 1080) and cyclopropanol-1 : 2-dicarboxylic acid § th 
(T., 1921, 119, 305). al 

The ethyl ester does not react with p-nitrobenzoyl chloride or § of 
phenylearbimide. It is hoped to prepare acetyl and benzoyl hy 
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derivatives by Balbiano’s method (Ber., 1894, 27, 2133; 1895, 28, 


4151, 2165). 
— C(OH)-CO-NHPh 

The dianilide, Et,C< 43 —-CO-NHPh 
aid with a slight excess of aniline at 200° for forty-five minutes, 
aystallises from alcohol in needles melting at 182° (Found: 
(=713; H=668. C,,H,,0,N, requires C= 716; H=68 
per cent.). 

The. ethyl ester is prepared by heating the acid under reflux for 
four hours with three times its weight of absolute alcohol and a 
few drops of sulphuric acid. The product is poured into water and 
extracted with ether, any unchanged acid or acid ester is removed 
by washing with dilute sodium carbonate solution, and the neutral 
eter which remains after evaporating the ether is distilled under 
diminished pressure. It boils at 180—184°/25 mm. (Found: 
(=603; H=83. C,,H.O; requires C = 6046; H=85 
per cent.). 

The ester dissolves in cold concentrated hydrochloric acid, but is 
quantitatively hydrolysed to the cyclic hydroxy-acid on boiling 
the solution for two minutes. 

Equilibrium Mixture of the Keto- and the Cyclic Hydroxy-acids.— 
4s has been stated in the introductory part, either the keto-acid 
or the cyclic hydroxy-acid is converted by 64 per cent. aqueous 
potassium hydroxide into an equilibrium mixture composed approxi- 
mately of 38 per cent. of the keto-acid and 62 per cent. of the cyclic 
hydroxy-acid. The equilibrium is independent of the amount of 
alkali used and of the duration of heating, but is attained only after 
a definite time. 

The method adopted of effecting the tautomeric change and of 
determining the proportion of the tautomers in the reaction mixture 
was as follows. Either of the acids was boiled with 64 per cent. 
aqueous potassium hydroxide for different lengths of time. After 
cooling, diluting, and acidifying, the product was extracted with 
ether, and the solid recovered from the dried extract was weighed. 
Owing to the high temperature (above 160°) at which the reaction 
was carried out, the formation of a slight amount of decomposition 
products was inevitable. Nevertheless, the cyclic hydroxy-acid in 
the reaction mixture could be isolated by taking advantage of its 
insolubility in dry ether, and the keto-acid in the ethereal filtrate 
could be separated in the form of its semicarbazone by boiling off 
the ether, dissolving the residual crystalline product in the least 
amount of water, and adding a slight excess of an aqueous solution 
of semicarbazide hydrochloride and sodium acetate. The cyclic 
hydroxy-acid and the semicarbazone of the keto-acid were then 


, prepared by heating the 
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dried and weighed, and from the weight of the latter the equivalent 
weight of the keto-acid was calculated. 
The following are the values obtained in an experiment in which 


the heating was continued for ten minutes : 
Gram of 
acid 
Initial acid mixture Hydroxy- Semicarb- Equiv. of Hydroxy “acid 
(0-5 gram). obtained. acid. azone. keto-acid. Keto-ac:d 
Hydroxy-acid... 0-43 0-25 0-19 0-15 62-5 : 37-5 
Keto-acid ...... 0-40 0-21 0-17 0-13 61-8 : 38-2 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Soutu Kensrneton, 8.W. [Received, June Ist, 1922.] 


CLXX.—The Interaction of Sodium Chloride and Silica, 


By Francis HERBERT CLEws and HucH Vernon Tuompson. 


In 1809 Gay-Lussae and Thénard (Arcueil Mem. Phys., 1809, 2, 
339) reported that silica and sodium chloride react in the presence 
of water vapour to give hydrochloric acid and sodium silicate. 
They noted that no reaction occurs at a white heat in the complete 
absence of moisture, although sodium bromide and iodide are 
decomposed under similar conditions, and Schénbein {Pogg. Ann., 
1849, 78, 517) confirmed these observations. De Lande and 
Prud’homme (Bull. Soc. chim., 1872, 18, 290) and Schultze (J. pr. 
Chem., 1880, [ii], 21, 407) observed the formation of chlorine and 
sodium silicate in dry oxygen, but Gorgeu (Compt. rend., 1886, 
102, 1164) noted a slight reaction between sodium chloride and 
silica in both dry and moist air. He stated that with kaolin there 
was a more vigorous reaction, chlorine and hydrochloric acid being 
evolved in dry and moist air respectively, and a similar observation 
was made by de Sandeval (Compt. rend., 1893,116, 641). Further- 
more, numerous patents for the production of sodium carbonate 
have been taken out which involve the initial decomposition of 
sodium chloride by silica in the presence of moisture (Brit. Pat. 
8386, 1840; 11556, 1847; 2050, 1862; 2121, 2801, 1867; 11492, 
1887). 

Although the facts are so well known, apparently no records have 
been left of the temperature at which reaction occurs nor the quanti- 
ties of the products obtained. In view of the daily occurrence of 
the reaction in such processes as salt-glazing, coking salty coals, 
and chloridising roasts, in all of which sodium chloride, moisture, 
and siliceous materials can interact at a high temperature, it was 
decided to undertake a quantitative investigation. 


Valent 


Which 


THE INTERACTION OF SODIUM CHLORIDE AND SILICA. 1443 


EXPERIMENTAL. 


The heating element consisted of a nichrome-wound silica tube 
the temperature of which was controlled to +- 10° by an adjustable 
resistance and measured by a platinum—platinum-rhodium thermo- 
couple. The reactions were carried out in silica tubes, fixed hori- 
zontally through the furnace, the materials being introduced in a 
platinum boat. A purified stream of the requisite gas, either dry 
or moist, was passed through the tube, and the products of the 
reaction were absorbed in U-tubes containing moistened fragments 
of silica. 'The hydrochloric acid and chlorine were estimated volu- 
metrically in the washings from the U-tubes. Preliminary experi- 
ments showed that consistent results could only be obtained when 
the rate of flow of gas was constant and reproducible. The velocities 
mentioned in individual experiments are mean values, as also are 
the temperatures. 

In duplicate or comparative experiments under otherwise similar 
conditions two tubes were heated side by side and the same stream 
of gas was passed through them to insure the same rate of flow in 
each tube. Although all sources of divergence in duplicate experi- 
ments were eliminated, where possible, closer agreement than 
+ 1-5 e.c. of N/100-hydrochloric acid could not be obtained—a 
quantity much greater than the error in individual titrations. 
Before every experiment the tubes were cleansed and thoroughly 
dried—a very necessary precaution; new tubes gave results slightly 
higher than the average, hence such values were neglected. 


Products and Course of the Reaction. 


The following products were observed according to the experi- 
mental conditions : 

i. In dry air: chlorine, sodium silicate, and a very small quantity 
of hydrochloric acid, which probably arose from traces of moisture 
introduced during manipulation. 

ii. In moist air: hydrochloric acid, sodium silicate, and a little 
chlorine. . 

iii. In dry nitrogen: traces of hydrochloric acid alone (vide i). 


iv. In moist nitrogen: hydrochloric acid and sodium silicate 


alone. 

The reactions may be symbolised as follows :— 

(a) 4aNaCl + ySiO, + 20, = 27Na,0,ySi0, + 22xCl,. 

(b) 2xNaCl + ySiO, + xH,O = #Na,O,ySiO, +- 2xHCl. 

(c) 4HCI + O, = 2H,O +- 2CI,. 
In moist air, the production of chlorine must in part be ascribed 
to reaction (c) as well as to reaction (a), since on passing air, charged 


1444 CLEWS AND THOMPSON : 


with hydrogen chloride and water vapour, through a silica tube at 
1000° appreciable quantities of chlorine were formed. 

It follows from the above equations that the sum of the hydro. 
chloric acid and chlorine produced should be equivalent to the alkali 
in the sodium silicate, but all attempts to show this experimentally 
failed. The friable and alkaline residue in the boat was digested 
in the washings obtained by repeatedly steaming-out the tube, but 
on titration the amount of alkali indicated was always much less 
than the amount of hydrochloric acid and chlorine produced. The 
apparent anomaly may be due to the low solubility in water of the 
sodium silicate, formed at a high temperature, and Peddle (.J. Soc, 
Glass Tech., 1920, 4, 16; also compare Blane and Bazille, Brit. 
Pat. 8386, 1840) has shown that soda-silica glasses containing more 
than 72 per cent. of silica are only partly soluble in water. This 
conjecture was confirmed by heating an intimate mixture of 
0°053 gram of dry sodium carbonate and 2:0025 grams of ignited 
silica in a platinum crucible for twenty-four hours. When cool, 
the mixture was digested with water and titrated boiling; 53:2 c.c. 
of N/100-hydrochloric acid were required against a calculated 
volume of 100c.c. The volumetric estimation of the alkali produced 
was therefore abandoned as a measure of the extent of the reaction, 
and reliance was placed solely on the yield of gaseous products. 

Sodium Chloride-Silica Mixture—An intimate mixture of sodium 
chloride and silica was prepared by evaporating to dryness a sample 
of sodium silicate with concentrated hydrochloric acid and drying 
the residue at 120°. The mixture had the following composition :— 
H,O, 1°58; SiO,, 50°06; NaCl, 47°85; Al,O,, 0°14; Fe,O0,, 0°06; 
MgO, 0°06; total 99°75 per cent. and, unless otherwise stated, it 
was used in all the succeeding experiments. 


Magnitude of the Reaction. 


Although some of the products are volatile, only a slight reaction 
occurs even in the region of 1000°, but as the vapour pressure of 
sodium chloride is appreciable at this temperature it is being con- 
tinually volatilised into the colder portions of the tube, where it 
can no longer react. The maximum reaction was observed when 
3°5 grams of the sodium chloride-silica mixture were heated at 
1000° for thirty-six hours in a stream of moist nitrogen; 53°7 c.c. 
of N/10-hydrochloric acid were formed, corresponding to a decom- 
position of 18°74 per cent. of the salt. 


Effect of Rate of Flow. 


One gram of sodium chloride-silica mixture (prepared by mixing 
equal quantities of dry sodium chloride and ignited, precipitated 
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silica) was heated in moist air (saturated at room temperature) 
for six hours at a mean temperature of 1004° in tubes 9—10 mm. in 


diameter. 

Rate of flow, c.c. per hour ............ 305 88 20 

HCl, c.e. Of N/100.............ceeeeceeeee 73-1 42-0 13-6 

Chlorine, c.c. of N/100..............000. 3:7 1-45 not 
estimated 


The hydrochloric acid and chlorine were estimated in the products 
from simultaneous experiments. 


Effect of Temperature. 
One gram of sodium chloride-silica mixture (containing 1°58 per 
cent. of combined water) was heated in each case for six hours in 


dry air. 


Rate of flow 112 c.c. per hour. 
Tubes 19—20 mm. in. diam. 


Rate of flow 88 c.c. per hour. 
Tubes 9—10 mm. in. diam. 


C.c. of N/ C.c. of N/ C.c. of N/ C.c. of N/ 
Temp. 100-HCl. Temp. 100-HCl. Temp. 100-HCl. Temp. 100-HCI. 
1045° 41-7 784° 6-2 1045° 30-2 828° 9-1 
1010 29-5 725 5-1 1000 16-5 753 8-3 
930 25-1 675F 3-7 947 16-4 640T 8-0 
880 15-6 575 3-3 900 14-3 569 6-7 
327 10-2 


In these experiments the amount of chlorine produced was very 
small (wide supra) and no separate estimation of it was made. 
However, as in the subsequent titration the chlorine is reported as 
an equivalent amount of hydrochloric acid, the yield of acid can 
safely be taken as a measure of the total reaction. Both sets of 
values show the same general form and indicate a marked increase 
in the reactions slightly above 1000°. The temperatures marked f 
were the lowest at which alkalinity was noticed in the solid 
residue. 

The acid produced at the lowest temperatures, without corre- 
sponding alkalinity in the residue, represents either the zero error 
of the experiments or is derived from traces of acid retained at 
120° (the temperature of drying) by the sodium chloride-silica 
mixture. The lower temperature limit of the reaction can there- 
fore be fixed between 640° and 575°, but at much higher temperatures 


it is still very feeble. 


Effect of Moisture. 


One gram of the sodium chloride-silica mixture was heated for 
six hours under otherwise identical conditions (a) in dry air and (6) 
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in moist air saturated at room temperature. Rate of flow 88 e¢ 
per hour through tubes 9—10 mm. in diameter. 


Dry Air. Moist Air. Dry Air. Moist Air, 
C.c. of C.c. of C.c. of C.c. of 
Temp. N/100-HCl. N/100-HCI. Temp. N/100-HCl. N/100-HQ, 
1045° 30-2 100-9 753° 3 12-3 
1000 16-5 70-1 708 — 10-0 
947 16-4 45-9 640 8-0 8-5 
900 14-3 31-3 569 6-7 78 
828 9-1 27-3 


Effect of Proportions of Sodium Chloride and Silica. 


Experiments similar to the above, with mixtures containing 
varying proportions of sodium chloride and silica, proved that the 
area of contact of the reacting substances (NaCl, SiO,, H,O) is of 
greater moment than the composition of the mixture unless the 
proportion of salt be reduced much below 50 per cent. By distribut- 
ing 1 gram of a 50 per cent. mixture between two, instead of one 
platinum boat, the yield of N/100-hydrochloric acid increased from 
42°0 c.c. to 60°3 c.c. under otherwise identical conditions. 


Physical Effect of Sodium Chloride on Silica. 

After a tube had been used several times it usually disintegrated 
and the inner surface had assumed an opaque white colour: as a 
specimen of this insoluble coating contained very little sodium 
oxide, it appeared to be silica in a different physical state rather 
than a sodium silicate resulting from the reaction. Preliminary 
work showed that, when heated with sodium chloride, a rapid 
reduction in the density of quartz occurred under conditions where 
the effect of heat alone produced but a slight decrease, consequently 
further determinations were made under more accurately controlled 
conditions. 

Ground quartz was heated at 1000° + 20° in a platinum crucible, 
and the density determined after each period of heating. The 
results on heating with and without sodium chloride are tabulated 


below, densities being referred to water at 4°. 
Density. 
Period of heating Without sodium With sodium 
(hours). chloride. chloride. 

0 2-634 ( 9-2°) 2-634 ( 9-2°) 
254 2-623 (14-4°) 2-317 (15-5°) 

48} 2-627 ( 9-8°) —_ 
51} ns 2-285 (14-1°) 
794 a 2-284 (15-5°) 

129} 2-623 (13-7°) — 
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This reduction in density cannot be due to any appreciable 
chemical reaction, as is shown by the slight differences between the 
following analyses of the initial and final specimens. 

Density. Loss. SiO,. Al,O;. Fe,0;. TiO,. CaO. MgO. Na,O. K,O. Total.* 


2-634 0-13 99-52 0-12 0-04 <0-01 0-16 0:04 <0-01 0-14 100-15 
2-284 n.d. 99-28 0-26 0:05 <0-01 0-09 0-03 0:08 0-14 99-93 


* Constituents reported as less than 0-01 per cent. are not included. 


On microscopic examination, the crystals were seen to occur in 
aggregates, in the form of rods, wedges, and thin hexagonal plates 
with well-defined boundaries and appreciable double refraction. 
The refractive index for sodium light by Becke’s method was found 
to be slightly lower than 1°478 (17°3°). 

The effect of calcination on the density of quartz was noted by 
H. Rose (Pogg. Ann., 1859, 108, 13), and G. Rose (Ber., 1869, 2, 
388) discovered that the quartz had been converted into another 
crystalline modification and not into amorphous silica, as had been 
supposed. More recent work by other observers and, in particular, 
by Fenner (Amer. J. Sci., 1913, 36, 331) has shown that, under 
appropriate conditions, quartz, at or about 870°, is converted into 
tridymite. Fenner’s constants for tridymite are d = 2°270, pp=1°471 
at 24° (mean value), whilst Mallard (Bull. Soc. Min., 1890, 12, 161) 
gives 2°28 and 1-477 for the natural mineral. Hence the values 
recorded in this investigation clearly indicate that at 1000° quartz 
is converted into tridymite in the presence of sodium chloride. 
Various observers have found that under the influence of certain 
substances, for example, lithium and potassium chlorides, vanadic 
acid, tungstates, or phosphates the inversion of quartz to tridymite 
occurs at temperatures at which heat alone has no effect, or only 
acts very slowly. The function of these substances has been likened 
to that of a catalyst (Fenner, loc. cit., 334, 336), but it is improbable 
that the action of the sodium chloride is strictly catalytic, since 
it was found that unless enough salt was present to form a molten 
layer above the quartz the rate of reduction in density was greatly 
retarded, for example, with relatively small quantities of sodium 
chloride, after twenty-four hours’ heating the density had fallen 
to 2-451, and after forty-five hours to 2°418, as compared with 
2317 and 2°285 when excess of sodium chloride was used. 

The evidence suggests that the conversion is effected by actual 
solution of the quartz in the molten sodium chloride and recrystal- 
lisation in the form of tridymite. 


Influence of the Physical State of the Silica. 


Dry 50 per cent. mixtures of (a) quartz, (b) precipitated silica, 
and (c) tridymite were made with sodium chloride. One gram of 
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the respective mixtures was heated for six hours in moist air aj 
1003° : the rate of flow was 88 c.c. per hour through tubes 9—10 mn, 


in diameter. 
Quartz. Precipitated silica. Tridymite. 
50-5 42-0 38-8 c.c. of N/100-HCI. 


As tridymite is the most stable form of silica at 1000°, it should 
be the least reactive. Since precipitated silica is readily converted 
by heat alone into tridymite (Day and Shepherd, J. Amer. Chem, 
Soc., 1906, 28, 1089), and presumably still more readily in the 
presence of sodium chloride, its reactivity should be comparable 
with that of tridymite. Quartz, being unstable, but only slowly 
converted into tridymite at 1000°, should show the greatest 
reactivity. This deduction is entirely confirmed by the results of 
the foregoing experiments. 


Summary. 


1. The interaction of sodium chloride and silica, under various 
conditions, has been investigated up to 1000°. The reactions 
involved are :— 

(a) 4xNaCl + ySiO, + x0, = 2xNa,0,ySi0, + 2xCl,. 

(6) 2aNaCl + ySiO, + xH,O = xNa,0,ySi0, + 2xHCl. 

(c) 4HCl + O, = 2H,O + 2Cl,. 

Reaction (a) occurs in a current of dry air, (a), (6), and (c) in moist 
air, and (5) in moist nitrogen. 

2. In moist air reaction (b) predominates. Up to 1000° the 
magnitude of the reaction is very small and is just discernible at 
about 600°. Rise of temperature and increase in the supply of 
moisture increase the magnitude of the reaction. 

3. The proportion of sodium chloride has only a subsidiary effect 
on the magnitude of the reaction, the important factor being the 
area of contact of the reacting substances. 

4. Sodium chloride at 1000° converts quartz into tridymite, 
probably owing to solution and recrystallisation. 

5. Of the different varieties of silica investigated, quartz, pre- 


cipitated silica, and tridymite, quartz is the most reactive to sodium 
chloride at 1000°. 


We are indebted to our colleague, Dr. Alex. Scott, for assistance 
in the microscopic examination of the tridymite. 


CHEMISTRY DEPARTMENT, 
CENTRAL SCHOOL oF SCIENCE AND TECHNOLOGY, 
STOKE-ON-TRENT. [Received, May 20th, 1922.] 
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(LXX1I.—Formation and Dissociation of some Poly- 
halogen Compounds of Hydrogen in Aqueous Solution. 


By PriyaDARANJAN RAy and PuLin VInARI SARKAR. 


JAKOWKIN (Z. physikal. Chem., 1896, 20, 19) studied the dissoci- 
ation of polyhalogen compounds of metals of the type XI;, XBrs, 
XClI,, XCIBr,, and XBrI, (where X stands for Na, K, Li, or Ba) 
as well as of HI, in aqueous solution with the aid of the distribution 
method. ‘The dissociation of KI, and HI, in aqueous solution at 
a different temperature has also been investigated by Dawson 
(T., 1901, 79, 238). In the present paper, we have shown that the 
formation of polyhalogen compounds of hydrogen, like HCIl,, 
HCIBr,, and HBrI,, in aqueous solution can be definitely estab- 
lished with the aid of the distribution method, and their degree 
of dissociation examined. In connexion herewith, it may be 
mentioned that Mellor (T., 1901, 79, 225) has also studied the 
formation and dissociation of HCl, in aqueous solution with the 
aid of the solubility method. So the series of polyhalogen com- 
pounds of hydrogen may now be regarded as complete. Higher 
polyhaloids like HI; have also been found by Jakowkin to exist 
to some extent in strong solutions of iodine in hydriodic acid (loc. cit.). 
The analogy between the alkali polyhaloids and the hydrogen 
polyhaloids is therefore complete. The only difference lies in their 
comparative stability; whereas some of the alkali polyhaloids, 
especially the caesium and rubidium compounds, have been 
isolated in the free state, none of the hydrogen compounds can be 
thus obtained. 

In the following experiments, the dissociation constant has 
been calculated according to a convenient formula employed by 
Jakowkin, namely, K = a(a — 1 + «)/v(l — «), where K is the 
dissociation constant, « is the degree of dissociation, which is equal 
to C/ch, where C is the concentration of the halogen in the carbon 
disulphide or carbon tetrachloride layer, c is the concentration of 
the halogen in the aqueous phase, and h the distribution coefficient, 
v is the volume in litres containing 1 gram-mol. of the halogen 
element in the aqueous phase, and a is the gram-molecular con- 
centration of the halogen acid in volume v. Applying the law of 
mass action for volume v, the above equation is obtained for the 
balanced reactions 


HCl + I, or Br, = HCI, or HCIBr, 
and HBr + I, = HBrl,, 
VoL, CXXI. SE 
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or, expressed ionically, 
Cl’ + I, or Br, = CIL,’ or CLBr,’ 

and Br’ + I, = Brl,’. 

The concentration of free iodine or bromine is «/v, that of HCI, 
is (1 — «)/v, and that of HCl is (a — 1 + «)/v. 

In order that the equation of equilibrium may acquire the simple 
form given above, it is necessary to assume that the electrolytic 
dissociation of the hydrochloric or hydrobromic acid and of HCIl,, 
HCIBr,, or HBrI, is almost complete (which is not far from the 
actual condition); that the iodine or bromine molecules can com. 
bine equally well with the halogen ions (chlorine or bromine ions) 
and the undissociated halogen acid molecules (HCl or HBr mole. 
cules); and also that the undissociated complex polyhaloids, if 
present, must behave like the complex ions. In moderately con- 
centrated solutions (2N or NV) of halogen acids, these assumptions 
become faulty to some extent, and in such cases the dissociation 
constants will be found to vary slightly from those obtained for 
more dilute solutions. The small changes due to the mutual 
solubility of the two solvents and the influence of the dissolved 
substance in the aqueous phase on the value of the distribution 
coefficient can be neglected. 


Formation and Dissociation of the Compound HCII,. 

The distribution of iodine between hydrochloric acid of varying 
concentration (2N down to N/16) and carbon disulphide, carbon 
tetrachloride, or chloroform was studied. For this purpose, in 
the case of carbon disulphide, the hydrochloric acid (250—400 c.c.) 
was shaken mechanically at the ordinary temperature with iodine 
and the organic solvent (50 c.c.) in well-stoppered, glass bottles 
of 500—750 c.c. capacity until equilibrium was established. 
When the immiscible solvents had separated completely, the 
concentration of the halogen in each layer was determined, 100— 
300 c.c. of the aqueous layer and 5—10 c.c. of the carbon disulphide 
being titrated in each case, the first with N/100- and the second 
with N/10-thiosulphate. The constancy of the value of K cal- 
culated on the assumption that the compound HCI, is formed 
(Table I) justifies the assumption. The values of the distribution 
coefficient (A) are taken from Jakowkin’s results. 

The mean value of K is 0°623 with hydrochloric acid of all the 
preceding concentrations. 

It will appear from the above table that the dissociation of the 
HCl, molecules or of the complex CII, ions increases as the con- 
centration of the hydrochloric acid diminishes. In N/16-hydro- 
chloric acid about 90 per cent. is dissociated. We may therefore 
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TABLE I. 


Distribution of iodine between carbon disulphide and hydrochloric 
acid at 25°. 


Cc. C. h. v. a. K, 
9N-HCl 
0-3930 55-46 589-9 646-3 0-2392 0-64 
0-4488 65-0 593-0 565-8 0-2464 0-605 
Mean 0-2428 0-622 
N-HCl 
0-0421 9-198 582 6033 0-3754 0-604 
0-0836 18-07 582-5 3040 0-3712 0-592 
0-1359 28-32 583°5 1869 0-3572 0-597 
0-2237 49-42 588 1135 00-3757 0-602 
0-2425 55-46 589-9 1048 0-3877 0-630 
0-4079 90-22 607 622-6 0-3643 0-594 
0-4863 110-0 619 522-3 0-3655 0-597 
0-6797 168-4 659-5 373-6 0-3755 0-595 
Mean 0-3715 0-6014 
N/2-HCl 
003238 10-46 582 7843 0-5551 0-622 
0-05872 18-96 582-5 4326 0-5550 0-622 
0-0969 29-591 583-8 2621 0-5230 0-596 
0-1659 54-92 589-5 1531 0-5616 0-636 
0-1898 61-86 592 1339 0-5506 0-644 
0-1890 63-23 592-8 1344 0-5643 0-648 
0-3222 109-0 618-5 788-1 0-5468 0-642 
0-3897 131-5 634 651-8 0-5322 0-598 
Mean 0-5486 0-626 
N/4-HCl 
0-02461 10-363 582 10320 0-7235 0-653 
0-04223 17-85 582 6015 0-7263 0-659 
0-06904 28-56 583-5 3680 0-7091 0-609 
0-1337 56-92 591-0 1900 0-7202 0-640 
0-1442 59-58 591-0 1761 0-6990 0-628 
0-2348 101-59 613-0 1081 0-7058 0-648 
0-2631 115-8 623-0 965-4 0-7065 0-646 
Mean 0-7129 0-640 
N/8-HCl 
0-08532 40-72 585-5 2977 0-8151 0-627 
0-1020 49-87 588-2 2490 0-8312 0-616 
Mean 0-8231 0-6215 
N/16-HCl 
0-08362 43-49 586-5 3038 0-8867 0-612 
0-09627 51-71 588-7 2638 0-9124 0-653 
0-1059 56-78 591 2399 0-9074 0-610 
Mean 0-9022 0-625 


conclude that the compound HCII, or the complex CII, ion is 
incapable of independent existence in the absence of free hydro- 
chloric acid or chlorine ions, or of iodine, the other product of its 
dissociation. 

Distribution of Iodine between Carbon Tetrachloride and Hydro- 
chloric Acid at 25°.—In this case the shaking was effected in 
stoppered bottles of 250—500 c.c. capacity, 100—150 c.c. of the 
hydrochloric acid and 50 c.c. of carbon tetrachloride solution were 
employed in each case, and 50—100 c.c. of the hydrochloric acid 
and 5—20 c.c. of the carbon tetrachloride solution were titrated with 

3 E2 
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N/100- and WN/10-thiosulphate respectively. The distribution 
coeflicient was previously determined in separate experiments by 
shaking carbon tetrachloride and water with iodine, and the mean 
of the values obtained for the concentrations employed in the 
following determinations was taken. The mean value found 
was 87. 

As a result of several determinations, the mean values of « and 
K recorded in Table II were obtained at 25°. 


TABLE II. TABLE IIT. 


Normahity Normality 
of HCl. . K. of HCl. a. K. 


“3718 0-595 0-3687 0-584 
5 -546 0-600 “5 0-5480 0-606 
*25 ; 0-635 -25 0-7142 0-625 
Mean 0-610 Mean 0-603 
Distribution of Iodine between Chloroform and Hydrochloric Acid 
at 25°.—The distribution coefficient in this case was previously 
determined by a number of experiments at concentrations approxim- 
ately equal to those employed for the following dissociation experi- 
ments, the results of which are given in Table III. The mean 
value of the distribution coefficient employed was 132. 
Therefore the value of the mean dissociation constant of the 
compound HCII, obtained from experiments with different solvent 
media remains almost constant, namely, 0°623 with carbon di- 
sulphide, 0°10 with carbon tetrachloride, and 0-603 with chloroform. 
Dissociation of the Compound HClI, determined from Solubility 
Measurements.—The degree of dissociation of the compound HCIl, 
in hydrochloric acid of varying concentration was more conveniently 
investigated by means of the solubility of iodine in water and in 
hydrochloric acid, as shown in Table IV. The solubility of iodine 
in water gives the amount of free iodine, and the quantity in excess 
of this dissolved by hydrochloric acid gives the amount of combined 
iodine as HCI, or as CII, ions. 


TABLE LV. 
Temp. 25°. 
Normality Total Free Combined 
of HCl. solubility. iodine. iodine. a. 
0-3454 — 
0-9526 : 0-6072 0-3625 
0-6299 . 0-2845 0-5483 
0-4852 ; 0-1398 0-7119 
0-4191 . 0-0737 0-8226 
0-3810 . 0-0356 0-9065 
Mean 0-600 


The values of K and « thus determined agree fairly well with 
those obtained by the distribution method. 
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Formation and Dissociation of the Compound HCIBr,. 

From the heat of solution of bromine in hydrochloric acid 
Berthelot deduced the formation of the compound HCIBr, (Compt. 
rend., 1885, 100, 761). 

The distribution of bromine between hydrochloric acid and 
carbon tetrachloride only was studied. Carbon disulphide could 
not be employed in this case on account of the tendency of bromine 
to act on the carbon disulphide in presence of water with the 
consequent formation of hydrobromic acid. This experiment and 
the following ones were carried out during the summer, when the 


and 


“ room temperature was almost constant at 30°. The distribution 

> coefficient of bromine between carbon tetrachloride and water was 

6 

25 determined as usual and the mean of the values for the concen- 

7 trations employed in the following experiments was taken. 

lcid 

isly TABLE V. 

wet Distribution of bromine between carbon tetrachloride and 

nal hydrochloric acid at 30°. 

an c. C. h. v. a. | # 

N-HCl 

the 1-291 16-92 31 124 0-4228 0-73 
1-541 19-46 = 103-9 0-4072 0-69 

ont 1-881 24-00 6 85-06 0-4115 0-70 

di- 2-989 38°38 - 53-53 0-4142 0-70 

Mean 0-4139 0-705 

m. § y/2-HCl 

ty 0-6852 12-69 Pe 233-5 0-5974 0-74 

i 0-9210 16-48 es 173-7 0-5772 0-68 

. 2-1520 38-54 re 74:35 0-5779 0-68 

ly Mean 0-5842 0-70 

nf V/4-HCI 
1-584 36-36 m= 101-0 0-7403 0-71 

1e 2-246 51-87 ne 71-24 0:7449 0-73 


Mean 0-7426 0-720 


The mean value of K is 0°708 with hydrochloric acid of the pre- 
ceding concentrations. 


Formation and Dissociation of the Compound HBrl,. 

The distribution coefficient of iodine between water and carbon 
tetrachloride was first determined at 30° for several different 
concentrations. 

The results are tabulated below :— 


c. Cc. h. C. C. h. 
(Aqueous layer). (Aqueous layer). 
0-04676 3-804 81 0-09856 8-339 84-6 
0-05560 4-485 81 0-1295 11-18 86-35 
0-07518 6-166 82 0-2093 18-16 86-70 


The distribution coefficients employed in the following determin- 
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ations were then obtained from a comparison of the above values, 
plotted on a curve. 


TABLE VI. 


Distribution of iodine between carbon tetrachloride 
hydrobromie acid at 30°. 


C. C. h. ‘ a. K. 
N-HBr 
0-9154 4-676 81-5 . 0-0626 0-067 
1-254 6-697 83 *f 0-0643 0-069 
1-638 8-906 84-6 5d: 0-0643 0-068 
1-98 10-80 5: 28- 0-0638 0-068 
Mean 0-0637 0-068 
N)2-HBr 
0-3692 3°538 688 0-1183 0-067 
00-6825 6-974 . 372-1 0-1231 0-070 
0-8592 oi 295-6 0-1212 0-069 
1-007 . 252-3 0-1210 0-069 
Mean 0-1209 0-0687 
N/4-HBr 
0-2806 *O5i 81-5 905-1 0-2210 0-071 
0-4070 *{ . 624-0 0-2225 0-071 
0-4701 . 8D 540-3 0-2197 0-070 
0-6116 7 i 415-4 0-2223 0-071 
Mean 0-2214 0-07075 
N/8-HBr 
0-1451 +296 . 1767 0-3632 0-071 
0-2516 7+ X 1009 0-3630 0-071 
0-2844 -783 : 893-2 0-3632 0-071 
0-3855 2: i 658-8 0-3623 0-071 
Mean 0:°3629 0-071 


Hence the mean value of K for hydrobromic acid of the preceding 
concentrations = 0°0696. 

Distribution of Iodine between Carbon Disulphide and Hydro- 
bromic Acid.—In the following experiments the coefficients of 
distribution of iodine between carbon disulphide and water were 
calculated from Jakowkin’s values for 25°, introducing necessary 
corrections for the rise of temperature. Dawson (loc. cit.) has found 
that for every degree rise of temperature the distribution coefficient 
of iodine between carbon disulphide and water increases by 0°6 per 
cent. The validity of this result was confirmed by carrying out a 
few experiments at 30°, at which temperature the following deter- 
minations were made. It should, however, be pointed out that 
at an elevated temperature like 30° the iodine has a tendency to 
act on the carbon disulphide in presence of water, especially on 
shaking for a long time, giving rise to hydriodic acid. This often 
vitiates the results unless the water is renewed after every deter- 
mination. In the presence of hydrobromic acid, however, this 
tendency is diminished, as is shown by the almost constant value 
of K in the following determinations, although no special care was 
taken to renew the solution at the end of each experiment. This 
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action of iodine on carbon disulphide is best explained in the 
following way. At 30°, the carbon disulphide is hydrolysed to 
sme extent on prolonged shaking with water, with the formation 
of hydrogen sulphide, which is then acted upon by iodine. The 
following scheme represents the reactions :— 

CS, + H,O == COS+H SS... . (l) 

HS+I,=2HI+8S ..... .- (2) 
A large concentration of hydrogen ion possibly hinders the first 


reaction. 
As a result of several determinations the following mean values 


of x and K were obtained at 30°. 


TaBLeE VII. 
Normality 
of HBr. a. K. 
] 0-0621 0-0657 
0-5 0-1214 0-069 
0-25 0-2187 0-0697 
125 0-3647 0-071 


The mean value of K for all concentrations of hydrobromic acid 
= 0069. 

It is interesting to compare the mean values of K for HClI,, 
HCIBr,, and HBrI, with one another and with those of NaCll,, 
KCIBr,, and KBrI, found by Jakowkin. 

HCl, HCIBr, HBrl,. NaCl, KCIBr,. KBrl,. 


K 0-60—0-62 0-71 0-069—0-070 0-44 0-73 0-078 
25° 30° 30° 25° 25° 25° 


Temp. 
From an examination of the above values it appears that of 
the three polyhaloids HCII,, HCIBr,, and HBrl,, the last is least 
dissociated and hence the most stable. This is in agreement with 
the general observation that weak ions exhibit the greatest tendency 
to combine with neutral molecules to form stable complexes. 
Here the bromine ion is less electronegative than the chlorine ion, 
hence it will combine with iodine molecules to form a complex 
more stable than that formed by the chlorine ion with iodine or 
bromine molecules. Again, on comparing the dissociation of these 
polyhalogeno-acids with that of the corresponding sodium or potass- 
ium salts, we find that HCII, dissociates to a greater extent than 
NaCll,, whereas HCIBr, and HBrI, appear to be dissociated more 
or less to the same extent as KCIBr, and KBrl, respectively. 


We take advantage of this opportunity to express our best 
thanks to Professor Sir P. C. Ray for the kind interest he has taken 
in the present work. 


CHEMicaL LABORATORY, 
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CLXXII.—Physical Chemistry of the Oxides of Lead, red lei 
Part IV. Red Lead and Lead Sesquioxide. - 

and | 

By SAMUEL GLASSTONE. Y-soe 

THE object of this work was to determine by electrochemical In 
methods the affinity relationships existing between triplumbic tes 
tetroxide (red lead) and lead monoxide and dioxide, and between oe 
lead sesquioxide and the simpler oxides. Incidentally it was hoped > “a 
that light would be thrown on the question of the constitution of joel 
these more complex oxides. If the electrodes Pt pry Pt pri.’ ions, 


resp 
pote 
plun 
syst 
plun 


Pt con 3, and Pt a are thermodynamically reversible, it should 
be possible to calculate the free energy relationships required from 
determinations of their potential. Only those involving lead 
dioxide, however, were found to be reversible, and so the free 


energy of reactions involving the monoxide was calculated indirectly T 
by utilising the potential of the Pt PbO electrode. From these § was 
2 

and other measurements, it has been shown that both red lead and § Sl" 
lead sesquioxide are definitely plumbous salts, giving Pb” ions in all 
solution. lear 
the 
EXPERIMENTAL, up 
Red Lead. - 
sha 

, Pb,O Pb,O ; 

In setting up the Peppa! and Pt PbO, electrodes, it was 
necessary to have each pair of oxides quite free from the third Ti 
oxide, and therefore special methods were adopted for the prepar- ee 
ation of the mixtures to ensure this being the case. ( 

; 

The Petpet Electrode.—Reddish-brown lead monoxide was 

heated with potassium nitrate so as to cause partial oxidation to Su 
red lead. The mass was cooled, extracted with water, washed, and by 
dried. Some of this mixture was placed in an electrode-vessel, which id 
was then filled with N-sodium hydroxide (free from carbonate), 
and a smooth platinum electrode inserted to the exclusion of air. 
As in previous measurements (see Part II, T., 1921, 119, 1914), the al 
P.D. of the half-element was measured against that of the standard 8 
Hg|HgO N-NaOH electrode, using the same solution of alkali si 
throughout. The vessels were gently shaken, and their P.D.’s p 
measured from day to day as described in the communication 


cited. 


PHYSICAL CHEMISTRY OF THE OXIDES OF LEAD. PART Iv. 1457 


In another set of experiments, a good commercial specimen of 
red lead was digested with 20 per cent. alkali until free from admixed 
monoxide. This product was then mixed with reddish-brown, red, 
and yellow lead monoxide, respectively, and the potentials in 


y-sodium hydroxide measured. 


In no case did the Pepe) 4 N-NaOH electrode give any definite 


Lead, 


Mica] 
um bie 
tween 
hoped 
on of 
) 

b,0, 
bO, ? 


potential values. The results were very erratic, and altered con- 
siderably from day to day and even during measurement. It was 
dear that the electrode was not behaving reversibly. Lead 
monoxide in alkaline solution is known to give Pb” and HPbO,’ 
ions, and these would act reversibly with Pb’ and plumbate ions 
respectively. Later work has shown that the plumbic-plumbous 
potential can be quite definite in alkaline solution, but the plumbate- 
plumbite electrode is somewhat unstable. It appears that in the 
system red lead, lead monoxide, and alkali, there are certainly no 
plumbie ions, although plumbate ions are possible. 


The Pt a 4 Electrode.—The mixture of red lead and lead dioxide 
2 


ould 


from 
lead 
free 
ctly 


ese I was obtained by warming a good specimen of red lead (completely 
soluble in hydrochloric acid) with dilute acetic acid, which dissolved 
all the excess of lead monoxide and partly decomposed the red 
lead. Dilute nitric acid was then added to decompose about half 
the red lead present. The mixture was washed, dried, and made 
up into alkaline half-elements by the method described above. 
Measurements were made from day to day, the vessels being gently 


shaken in the meantime. 


and 
3 in 


"as 
| Scale H,/N-H* = 0. Measurements at room temperature (17°). 
rd Time after 
ir- setting up 

(in days). 0 7 14 21 Final. 

P.D fil. 0°328 0°326 0°326 0°325 0°325 
aS ah 0-314 0°326 0°325 0°325 0°325 

Mean 0°325 volt. 

0 


Subsequent determinations made with red lead freed from monoxide 
by alkali, and with stable electrolytic lead dioxide, gave results 
identical with the above. 


The fact that the electrode Pt|p,3)4 N-NaOH gives a definite 
2 


and reproducible potential, suggests that, since lead dioxide in 
solution very probably gives plumbic ions, red lead in alkaline 
solution gives plumbous ions, and is thus a plumbous salt. The 
plumbous salt of the theoretical tetrabasic orthoplumbic acid, 
Pb(OH),, would be Pb,"*PbO,, that is, Pbs0,, and hence red lead 
is probably plumbous orthoplumbate. This constitution has been 
3E* 
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previously suggested to account for the formula and some of the 
chemical properties of red lead, but there has hitherto been no 
direct evidence that red lead is a plumbous salt giving Pb” ions in 
solution. 

Confirmation of this view was obtained by measurement of the 
potential of the electrode Pb|Pb,0, in N-NaOH, which should 


behave as a reversible lead electrode in contact with a solution} 7! 
containing a small but definite concentration of plumbous ions, § 9-32: 
The lead electrode was prepared as described in Part II of this § jnvo 
series (loc. cit.), and the oxide used was washed as free as possible 
from monoxide by means of 20 per cent. alkali. After three days, 
a constant value of — 0°610 volt was obtained at room temper- the 
ature. F 
Utilising the value, obtained in some work to be published later, § "°° 
for the Pt PbO, N-NaOH potential, namely, 0°268 volt, and that 
t the PrlPt% electrode, 0-325 volt, we sce that red led int 
ot the * PbO, electrode, 0°325 volt, we see that red lead in the 
N-sodium hydroxide gives one hundredth part of the plumbous 
ions given by lead monoxide in the same solvent. The latter value call 
has already been determined in previous work as 2°2 x 10" cel 
gram-ions per litre at the ordinary temperature, hence red lead in § ™? 
N-sodium hydroxide gives a plumbous ion concentration of é 
2-2 x 10%’. With this concentration the theoretical potential of the 
the Pb|Pb,0, N-NaOH electrode should be — 0°617 volt; the ye 
actual value (— 0°610 volt) is slightly higher, probably on account 4 
of the presence of traces of lead monoxide. a 
Solubility of Red Lead.—If we assume that all the red lead in J the 
solution has ionised thus : lg 
Pb,O, == 2Pb” + PbO,””, th 
then the solubility of red lead in N-sodium hydroxide is 1:1 « 10" §f 64 
gram-mol. per litre at 17°. The solubility in pure water is probably 
of the same order. 80 
The solubility product of red lead, [Pb }[{PbO,’’’’], is equal to th 
(2:2 x 10°)? x 1:1 x 107”, that is, 5°32 x 10°51. in 
Dissociation Pressures.—Red lead decomposes into lead monoxide m 
and oxygen, but since the electrode Pt pray is not thermodynami- 


cally reversible, the dissociation pressures can only be calculated 
indireetly from a knowledge of the potentials of the half-elements 


Pt Pho, and Pt PbO, in N-sodium hydroxide. , 
PbO 


The cell Pt 


PbO N-NaOH H,(1 atm.)/Pt has an 2.M.F. of 
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0:268—(— 0-810), that is, 1-078 volts at 17°, and the reaction 
involved is 

PbO, + H, = PbO + H,0. 
The free energy of this reaction is therefore 1-078 x 96540 x 2 


joules. 


The cell Pt ae N-NaOH H,(1 atm.)|Pt has an #.M.F. of 
2 


0-325—(— 0-810), that is, 1-135 volts at 17°, and the reaction 
involved is 
3PbO, + 2H, = Pb,O, + 2H,0, 
the free energy of which is therefore 1-135 x 96540 x 4 joules. 
From these two equations we deduce the free energy of the 


reaction : 


Pb,O, + H, = 3PbO + H,O 
as 1-928 x 96540 joules. This would be the reaction occurring in 


mgr 
the cell Pt Pray! N-NaOH H,(1 atm.)|/Pt, were it thermodynami- 


cally reversible, and its #.1/.F. would thus be 0-964 volt. This 
cell may be regarded as an H,—O, cell in which the oxygen is 
supplied at the dissociation pressure of red lead, and the hydrogen 
at 1 atmosphere. Using the value 1-232 volts as the #.M.F. of 
the cell with both gases at 1 atmosphere, the dissociation pressure 
of red lead at 17° is calculated as 3-3 x 10°! atm. 

Reinders and Hamburger (Z. anorg. Chem., 1914, 89, 71) measured 
the dissociation pressure of red lead from 445° to 607°, and expressed 
their results in the form of the equation, log p = — Reh -+- 1:75 
log 7’ + 0-0002167' + 2-8. Substituting the value 290° abs. for 7’, 
the corresponding value of the dissociation pressure is found to be 
66 x 10° atm. 

In order to calculate the temperature at which the oxygen dis- 
sociation pressure of red lead becomes equal to that of oxygen in 
the atmosphere, it is necessary to know the heat of the reaction 
involved. There appear to be no direct thermochemical measure- 
ments of this quantity, and therefore a mean value of 36,000 calories 
will be adopted from the indirect determinations of Reinders and 


Hamburger (loc. cit.), that is, 6PbO + O, = 2Pb,0, + 36,000 cal. 
Method 1.—At the temperature at which the cells Pt gy 
Pb,O, 


Y-NaOH H,(1 atm.)|Pt, and H,(1 atm.)—O,(0-21 atm.) have the 
same E.M.F., red lead will have a dissociation pressure of 0-21 
atm. The #.M.F. of both these cells is known at 17°, and their 


temperature coefficients may be calculated by applying the Gibbs- 
3 E* 2 
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Helmholtz equation to the known heats of the reactions involved, 
The temperature coefficient of the first cell is — 0-00044, and of 
the second — 0-00090 volt per degree. Assuming that thes 
coefficients remain constant over several hundred degrees, we find 
that the #.M.F.’s of the two cells become equal at 573°. 

Method 2.—By the use of the integrated form of the van’t Hoff 
isochore, where partial pressures are involved, the temperature at 
which the dissociation pressure of oxygen in the reaction under 
consideration becomes equal to 0-21 atm. may be calculated as 
843° abs. (570° C.). From actual measurements of the dissociation 
pressure, Reinders and Hamburger (loc. cit.) find that red lead will 
decompose completely if heated in air at 539° C. 

Calculation of E.M.F. by means of Nernst’s Theorem.—By 
means of the Nernst theorem it is possible to calculate the 


E.M.F. of the cell Pt priy! — Hy(1 atm.) at 0°. The reaction 


involved is 
Pb,O, + H, = 3PbO + H,0, 
the water being in the form of ice. For this reaction at 17°, we 
have: Q, = 68,400 (H, O) + 1580 (ice, water) — 16,750 (3PbO + 
$0, —> Pb,O,) = 53,230 cals. In order to calculate the heat of 
this reaction at 0° abs., it is necessary to know the molecular heats 
of the substances involved in the reaction. In the case of red lead, 
no figures could be found in the literature, so the molecular heat 
was calculated from the variation of the heat of the reaction, 
6PbO + O, = 2Pb,0,, calculated by Reinders and Hamburger. 
Taking the molecular heat of lead monoxide as 11-8, and that of 
oxygen as 11-5, the molecular heat of red lead is found to be 39:3. 
Using this value and the usual values of 6-8 for hydrogen, 9-5 for 
ice, and 11-8 for lead monoxide, Q, is evaluated as 52,550 calories, 
whilst 8 is — 0-004. Taking the “ chemical constant ”’ of hydrogen 
as 1-6, the #.M.F. of the cell under consideration is 0-987 volt at 
0°. Using the more approximate method in which water is involved 
instead of ice, Qy becomes 51,650, 8 is — 0-018, and Q, is 52,186 
calories. The #.M.F. of the cell is thus 1-00 volt at 17°. The 
actual value of the #.M.F. as calculated on page 1459, from 
PbO Pb,O, 


measurements of the Pt PbO, and Pt PbO, electrodes, is 0-964 


volt at 17°. 

Free Energy Relations—By taking the free energy of the 
reaction H, + $0, = H,O as 1-232 x 2 x 96540 joules, the free 
energy of the reaction 3PbO + 40, = Pb,O, is 0-536 x 96540 
joules, that is, 12,350 calories at 17°. The total energy of this 
reaction at the same temperature is 16,750 calories. 
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Lead Sesquioxide. 

There has been a tendency on the part of previous workers to 
distinguish between anhydrous lead sesquioxide, Pb,O3, and the 
hydrated form, Pb,O3,3H,0. Marino (Z. anorg. Chem., 1909, 62, 
173) stated that the product obtained by the action of sodium 
hypochlorite on a solution of lead monoxide in alkali (Winkelblech, 
Annalen, 1837, 24, 21; Haussmann, ibid., 1854, 91, 235) is an 
anhydrous sesquioxide, Pb,O 3, with basic functions. The orange- 
yellow precipitate obtained by mixing solutions of alkaline plumbite 
and plumbate (Frémy, Ann. Chim. Phys., 1844, [iii], 12, 488; 
Seidel, J. pr. Chem., 1879, [ii], 20, 200; Bellucci and Parravano, 
f. anorg. Chem., 1906, 50, 107) was said to be the hydrated form 
of the sesquioxide. The latter authors suggested, from the formula 
and method of preparation, that the substance is plumbous meta- 
plumbate, Pb''sPb(OH).. 

In this work the hypochlorite and plumbitc-plumbate methods 
were investigated in detail, but in no case could an anhydrous 
ssquioxide be obtained. All the products were hydrated lead 
ssquioxide mixed with more or less hydrated monoxide, and 
sometimes dioxide. 

The Hypochlorite Method.—Reinders and Hamburger (loc. cit.) 
attempted to prepare lead sesquioxide by Winkelblech’s method (loc. 
cit.) in order to investigate its oxygen dissociation pressure at various 
temperatures. These authors found that by varying the amount 
of sodium hypochlorite used, substances of formula PbO, were 
obtained, where x varied from 1°41 to 1:71 (PbO, requires x = 1°5). 
They inferred that the true sesquioxide does not exist and that all 
the products are simply solid solutions of monoxide and dioxide. 
Preliminary experiments by the present author confirmed the results 
of Reinders and Hamburger in a general way, but there appeared 
to be definite evidence of the existence of hydrated lead sesquioxide 
in the hypochlorite product. Varying amounts of sodium hypo- 
chlorite solution and sodium plumbite solution were mixed, and 
the products analysed by the following method. The well-washed 
solid was boiled for a few minutes with dilute acetic acid in order 
to decompose it completely. The monoxide portion dissolved in 
the acid, while the dioxide remained; the latter was well washed 
and then estimated iodometrically by the method previously 
described (T., 1921, 119, 1997). The monoxide in the filtrate and 
washings was completely oxidised to dioxide by boiling with bromine 
water and a slight excess of alkali, and estimated in the usual way. 
By this means the ratio of PbO: PbO, was found. To complete 
the analysis, the original product, having been dried to constant 
weight in a desiccator, was heated at a temperature sufficient to 
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fuse the monoxide formed, and the percentage loss was determined. 


Although the products obtained varied considerably and could noth 


be duplicated, yet as long as there was no excess of lead dioxide, 
all the products were mixtures, or solid solutions, of hydrated 


sesquioxide, Pb,O,,3H,O, and monoxide, PbO,4H,O. Any consti. 


tution based on the assumption that the products were simply 
solid solutions of monoxide and dioxide would mean that at least 
7 per cent. of adsorbed water was present even after drying to 
constant weight over sulphuric acid. A typical analysis is the 
following: the PbO,- and PbO-portions required, respectively, 
5°75 ¢.c. and 11°55 c.c. of the same thiosulphate solution. Loss on 
heating = 11-7 per cent. The loss on heating a mixture of 5°75 
gram-mols. of Pb,O3,3H,O and 5:80 gram-mols. of PbO,}H,O would 
be 10°6 per cent. The difference between 11°7 and 10-6 might 
easily be due to adsorbed water, since the product was amorphous. 

In view of the fact that a definite sesquioxide (mixed with 
hydrated monoxide) could be obtained by the hypochlorite method 
the investigation was continued. It was thought that the use of 
sodium hypobromite made up from known amounts of bromine 
and alkali, instead of hypochlorite, might give the exact conditions 
under which the pure hydrated sesquioxide could be obtained. 
The result of these experiments, summarised below, was to show 
that it was very improbable that this method would yield a pure 
product. 

Sodium Hypobromite Method.—When sodium hypobromite (or 
hypochlorite) is added to an alkaline solution of lead monoxide, 
after one or two minutes a yellow precipitate will slowly 
form, which will gradually increase in amount and darken in 
colour. The first precipitate invariably contains excess of lead 
monoxide, even when, as in one case, twenty times the theoretical 
amount of hypobromite was used. In this case, the product 
obtained within the first five minutes contained 1 gram-molecule of 
dioxide to approximately 2 gram-molecules of monoxide; very 
similar results were obtained using twenty times the theoretical 
amount of hypochlorite. On standing, the ratio of dioxide to 
monoxide in the precipitate gradually increased, and the final 
value depended on the dilution of the mixture, the amount of 
alkali present, and the excess (if any) of hypobromite solution. 
The theoretical amount of hypobromite having been used, the 
composition of the precipitate, after standing for twenty-four hours, 
corresponded with 1 gram-molecule of monoxide to 0°7 of the 
dioxide; with three times the theoretical amount, the ratio of 
monoxide to dioxide was 1:1:2. When a fairly large excess of 
hypobromite had been used, the composition ultimately approached 
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hat of lead dioxide. In one case a product of composition corre- 
ponding with the formula Pb,O; was obtained, but this result was 
purely fortuitous, as was shown by the failure to repeat it. The 
hypochlorite and hypobromite methods must therefore be regarded 
as unsatisfactory. 

The Plumbite—Plumbate Method.—This method was also found to 
je untrustworthy, and certain phenomena observed in the hypo- 
chlorite and hypobromite methods were also noted in this method. 
It will be shown later that all these methods probably involve 
the same ultimate chemical reaction, consequently it is to be 
expected that similar results will be obtained in every case. 

A solution of sodium plumbate in 10 per cent. alkali was prepared 
by Bellucci and Parravano’s method (loc. cit.) for the potassium 
alt. This was mixed with a solution of lead monoxide in 15 per 
cent. sodium hydroxide. There was no immediate precipitation, 
but after a few minutes a yellow precipitate formed, which increased 
in amount and became orange on standing. The composition of 
this precipitate depended on the concentration of the solutions and 
the time of standing. When a small excess of plumbate and a 
large amount of alkali were used, the composition of the product 
approached that of lead sesquioxide, but in most cases the products 
were mixtures (or solid solutions) of hydrated sesquioxide and 
monoxide. In this and the other methods, the precipitate was 
sometimes deposited on the sides of the glass vessel in the form of 
a thin, shining, iridescent film. 

New Method.—The method found to be satisfactory for the 
preparation of fairly pure hydrated lead sesquioxide depended on 
the fact, which does not appear to have been previously noted, that 
the sesquioxide is appreciably soluble in alkali solution. Lead mon- 
oxide, however, is much more soluble, and the dioxide is almost 
insoluble; hence, by repeated solution in alkali and partial pre- 
cipitation by acid, fairly pure hydrated sesquioxide may be obtained. 
Sodium hydroxide solution (250 c.c. of 12 per cent.) saturated 


ul 
0 
1 
f 


4 with lead monoxide was diluted to 500 c.c., and 500 c.c. of saturated 
| bromine water were added. The mixture was kept over-night and 


then washed by decantation with water containing a little acetic 
acid to remove the excess of hypobromite and alkali. A paste of 
the precipitate and water was stirred into a solution of 60 grams of 
sodium hydroxide in 300 c.c. of water, warmed at 50°. The liquid 
was filtered, 40 grams of acetic acid diluted with 150 c.c. of water 
were slowly added to the cold filtrate with continual stirring, and 
the gelatinous, yellowish-brown precipitate obtained was washed 
by decantation and filtered by the aid of the pump. Before drying, 
a small portion of the precipitate was analysed in order to determine 
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the ratio of dioxide to monoxide. If the precipitate still contained 
excess of monoxide, it was redissolved in alkali and again precipitated 
with acid. On drying in a desiccator, the sesquioxide darkened in 
colour and shrunk into small lumps, which gave a brown powder 
by gentle grinding; with fine grinding the colour became somewhat 
lighter. A product obtained by this method gave, on analysis, the 
ratio PbO : PbO,, and the loss of weight on heating was 14-5 per 
cent.; pure Pb,O,,3H,O requires loss on heating = 13-56 per cent. 

Solubility of Lead Sesquioxide in Sodium Hydroxide Solution — 
If a solution of lead sesquioxide in sodium hydroxide is _ boiled, 
then, provided that there is not too large an excess of alkali, lead 
dioxide will be precipitated and the resulting solution will contain 
sodium plumbite (lead monoxide). This suggests that the solution 
of sesquioxide in alkali contains alkaline plumbite and plumbate, 
for on boiling such a mixture, exactly similar results are obtained, 
either before or after separation of lead sesquioxide. The dissolution 
of sesquioxide in alkali may be represented thus : 

(solid) Pb,O, + 30H’ => HPbO,’ + PbO,” + H,0. 

In order to avoid complications in this and subsequent equations, 
the 3H,0 has been omitted from the formule of both the sesquioxide 
and the plumbate ion, Pb(OH),’’; nevertheless, the hydrated 
formule must be understood throughout. 

We thus have : Ee Gee 
This explains all the methods of preparation of lead sesquioxide. 
If the solutions of plumbite and plumbate are mixed, the equilibrium 
constant may be exceeded, and therefore sesquioxide will be 
deposited. In the hypobromite and hypochlorite methods the first 
action is probably the oxidation of plumbite to plumbate, the next 
being the precipitation of the sesquioxide owing to the tendency of 
the equilibrium under discussion to establish itself. The repre- 
cipitation from alkaline solution by means of acid is of course due 
to reduction of the hydroxyl-ion concentration. If in any method of 
preparation, after the removal of the precipitate, either (a) plumbite, 
(6) plumbate, or (c) water is added, a further precipitate will form 
after a few minutes ; these facts are in agreement with the plumbate- 
plumbite—hydroxyl-ion equilibrium. 

An attempt was made to verify the equilibrium equation by 
determining the solubility of the sesquioxide in alkaline solutions 
of varying concentration. With sodium hydroxide solutions of 
reasonable concentration, the rate of dissolution was extremely 
slow at the ordinary temperature, and on warming hydrolysis took 
place. This method was therefore abandoned. More satisfactory 
results were obtained by mixing solutions of plumbite, plumbate, 
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and dilute alkali or water in various proportions and keeping these 
mixtures for four or five weeks at room temperature so as to pre- 
ipitate the sesquioxide. A quantity of the clear liquor was then 
yithdrawn and titrated with standard acid. Another portion was 
decomposed by boiling with a slight excess of dilute acetic acid; 
the lead dioxide thus precipitated corresponded with the amount of 
plumbate present. The filtrate was oxidised by boiling alkaline 
hypobromite in the usual way, and the dioxide thus obtained was 
equivalent to the plumbite in solution. 


Concentrations in gram-mols. per litre. 
([HPbO,’}[PbO,” | 


vee dios : 6 
Sodium hydroxide. Plumbite x 10%. Plumbate x 10°. [OH’- x 10. 
2°63 21°5 2°65 3°12 
2°41 20-0 1-20 1-72 
1-79 1-60 11°50 3°20 
1-26 12°12 0°35 2°08 
1:20 8°75 0-412 2-09 


The [HPbO,’], [PbO,”’], and [OH’] concentrations are taken as 
being equal to the total amounts of plumbite, plumbate, and 
sodium hydroxide, respectively, without allowing for ionisation. 
For this reason and because the solid phase contained adsorbed 
hydrated monoxide (although the solutions were not nearly saturated 
with the latter), the results are only approximate, but on the whole 
they confirm the view that has been put forward regarding the 
equilibrium in mixtures of plumbate and plumbite solutions. 

The Plumbate—Plumbite Potential—According to the view put 
forward in the previous section, during the preparation of lead 
sesquioxide plumbite is oxidised to plumbate ; this may be effected 
by chlorine, bromine, iodine, hydrogen peroxide, or potassium 
persulphate. Sodium plumbate, on the other hand, may be 
reduced to plumbite by means of nascent hydrogen (from zinc dust 
or aluminium powder), sodium stannite, or sodium sulphite. This 
reversible oxidation and reduction suggested that there might be 
a definite plumbate—plumbite oxidation potential, according to the 
equation : 

PbO,” + 2H,O == HPbO,’ + 30H’ + 22. 
The potential of an unattacked electrode (for example, platinum) 
placed in a solution containing plumbate, plumbite, and hydroxy! 


ions, would then be given by 


7 RT [PbO,"] 
E = Ey + 5p loge [HPbO,’[OH’P ’ 


where Ey is the normal oxidation-reduction potential. 
Mixtures of plumbate and plumbite in sodium hydroxide solution 
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were kept for two or three days in order that most of the solid 
sesquioxide might separate, without equilibrium having beep 
attained. Some of the clear liquid was poured into an electrode 
vessel, and a smooth platinum electrode inserted. After tep 
minutes, the potential of this electrode was measured against that 
of a standard alkaline electrode, saturated potassium chloride being 
used as intermediate liquid. Other portions of the liquid were 
analysed for hydroxide, plumbite, and plumbate, by the method 
described on page 1465. The potential of the half-element rose 
fairly rapidly during the first ten minutes, and then continued to 
rise much more slowly; owing possibly to spontaneous changes 
going on in the liquid, there appeared to be no definite stable 
potential. By standardising the method as much as possible, results 
were obtained which indicated the existence of a definite plumbate- 
plumbite potential. 


Hydrogen scale. Temperature 17° (approx.). 


[PbO,”] —y, Normality x 

[HPbO,’] of NaOH. a. [OH’P=y. y* E.  &E, (volt). 
5°54 1:73 0°658 1°48 3°74 0-314 0-298 
1°47 3°60 0-415 3°31 0°445 0°:278 0°288 
1°47 2-11 0°585 1°85 0°795 0°292 0°295 
1:22 1°54 0°687 1:19 1-025 0°304 0°304 
119 2°06 0°590 1°80 0°661 0-290 0-295 
0-212 2°72 0°505 2°58 0-0823 0°287 0°318 
0-138 2°55 0-545 2-70 0°0513 = 0°260 = 0°297 


In the above calculations, the ratio of the degree of ionisation of 
plumbate and plumbite is assumed to be equal to unity, and «, the 
degree of ionisation of sodium hydroxide, has been calculated from 
conductivity measurements. The quantity, [OH’}, in the above 
table is obtained by multiplying the amount in the second column 
by « and cubing the product. 

The value of the normal plumbate—plumbite potential is thus of 
the order 0-30 volt at room temperature. 

Electromotive Behaviour of Lead Sesquioxide—Attempts were 
made to measure the potentials of the electrodes Pt —_— 20. 
Pb,O,,3H,O Pb,0,,3H,O 
Pt Pb,O, 2", and Pt PbO, 2 
The first two electrodes were found to be irreversible; the 
results were erratic, varied from day to day, and were different 
Pb,0,,3H,O 
PbO 


in N-sodium hydroxide. 


for different electrodes. In the case of the Pt electrode, 


the colour of the mixture changed owing to the formation of red 
lead. | 


Electrode—In order to obtain these two 
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oxides free from the monoxide, various specimens of lead sesquioxide 
were warmed with small amounts of dilute nitric acid in order to 
cause partial decomposition. The products were well washed with 
water and with N-sodium hydroxide, and made up into electrodes 
by the method previously described (p. 1456). Three different 
specimens of sesquioxide were used, (1) made by fractional pre- 
cipitation from alkaline solution, (2) by the hypochlorite method, 
and (3) by the plumbate—plumbite method. Electrode (4) was 
made from pure sesquioxide (1) and stabilised electrolytic dioxide 
deposited on platinum. 


Hydrogen scale. Temperature 17° (approx.). 
Time after setting up (in days). 


0 1 2 4 5 7 9 14 ‘Final. 

No. 1 0°344 0°344 0°340 0°334 0°322 0°316 0°306 0°302 0°302 
2 0°336 0-302 0°300 0°300 0°300 

3 0°330 0°302 0°302 0°302 

4 0390 0°338 0°302 0°302 0°302 


Mean 0°302 volt. 


The very high initial values are probably due to the presence of 
very small amorphous, almost colloidal, particles. 

Lead sesquioxide is evidently, like red lead, a plumbous salt. 
The most reasonable structure for the former oxide is the one 
suggested by Bellucci and Parravano (loc. cit.), Pb'Pb'Y(OH),; 
the positive ion is thus Pb”, and the negative, Pb(OH),”. The 
electrode, a inal N-NaOH, should have given a more or 
less definite plumbate—plumbite potential, but in the presence of 
such a large amount of plumbite (since solid monoxide is present) 
very little sesquioxide will dissolve, only to be converted immediately 
into red lead (see below). The plumbate—plumbite potential would 
thus be entirely absent or extremely small. 


Pris, N-NaOH half-clement is 


0-325 volt, and that of the Pepe N-NaOH half-element is 
2 


Since the potential of the Pt 


0-302 volt, and the Pb’’-ion concentration in the former is 2-2 x 107!” 
gram-ion per litre, then in the latter case it is 1:38 x 107%. The 
plumbous-ion concentrations produced by dissolving the three oxides 
of lead in N-sodium hydroxide are 2-2 x 10°" for the monoxide, 
1:38 x 10-16 for the sesquioxide, and 2-2 x 10° forred lead. There 
will thus be a tendency for monoxide and sesquioxide to dissolve 
and form red lead, provided that lead dioxide and monoxide 
respectively are present in addition. This was verified by allowing 
some sesquioxide to stand in contact with a solution of lead monoxide 
in alkali; after six weeks both colour and analysis indicated 
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complete conversion of the oxide into red lead. Milbauer (Chem, 
Ztg., 1914, 38, 587) showed that lead monoxide and dioxide wil] 
combine in the presence of very strong alkali to form red lead, 
This reaction will also take place in the presence of N-sodium 
hydroxide, the sesquioxide probably being an intermediate stage, 
This subject will be dealt with in a further communication on lead 
dioxide. 

Dissociation Pressures.—Reinders and Hamburger (loc. cit.) found 
that the products obtained by the action of hypochlorite on alkaline 
plumbite gave exactly the same dissociation pressures as solid solu- 
tions of lead monoxide and dioxide of the same composition. The 
reason for this is that when the sesquioxide is heated, the water which 
is an integral part of the molecule is driven off, and a mixture (or 
solid solution) of monoxide and dioxide is left, since the anhydrous 
sesquioxide probably does not exist. This was shown by heating 
the sesquioxide at 200° for some time; on digesting the residue 
with a solution of sodium hydroxide, a considerable amount of lead 
monoxide was found to have dissolved. This could only have 
resulted from the decomposition of the sesquioxide by heat. No 
attempt has therefore been made to calculate dissociation pressures. 


Free Energy Relations.—The cell Pelee, »3H,0 N-NaOH H,(1 


atm.)|Pt-has an £.M.F. of 0-302—(— 0-810), that is, 1-112 volts 
at 17°, and the reaction involved is 
2PbO, + H, = Pb,O, + H,0. 
The free energy of this reaction is therefore 1-112 x 2 x 96540 
joules. Utilising this value, as well as the free energy values 
calculated on p. 1459, and assuming the free energy of the reaction, 
H, + 30, —> H,0, to be 1-232 x 2 x 96540 joules, the following 
results are obtained. 
Free energy of the reaction : 
PbO, + PbO — Pb,O, = 0-068 
Pb,O, + PbO — > Pb,O, = 0-160 x 96540 
PbO, + 2Pb0 —> Pb, 0, = 0-228 


+P] 


Summary. 

(1) Red lead and hydrated lead sesquioxide have been shown to 
be plumbous salts, giving plumbous ions in solution. 

(2) No evidence has been found for the existence of an anhydrous 
sesquioxide. 

(3) The existing methods for preparing the sesquioxide have 
been shown to be uncertain, and a new method has been worked out. 

(4) The plumbate—plumbite—hydroxyl-ion equilibrium has been 
studied. 
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(5) The normal plumbate-plumbite potential has been found to 
be 0°30 volt at the ordinary temperature. 

(6) The affinity relationships of lead monoxide, dioxide, sesqui- 
oxide, and red lead have been determined. 


The author’s best thanks are due to Professor A. J. Allmand for 
his interest in the work and for very helpful criticism and advice. 
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(LX XIII.—Physical Chemistry of the Oxides of Lead. 
Part V. The Electromotive Behaviour of Lead 
Dioxide. © 


By SAMUEL GLASSTONE. 


Durtna the course of the work described below, the electromotive 
behaviour of ordinary chemical lead dioxide was compared with 
that of the dioxide deposited electrolytically from neutral or acid 
lead nitrate solution, and of the so-called hydrated lead dioxide 
deposited from slightly alkaline lead tartrate solution. The system 
lead—lead dioxide having been found to be unstable, measurements 


were made on the plumbic—plumbous electrode, Pt ae N-NaOH, 
2 


where the lead dioxide was either introduced as a powder or deposited 
on a smooth or platinised platinum electrode. The electromotive 
behaviour of all the electrolytic products was the samé, there being 
no distinction between the deposits from alkaline, neutral, or acid 
solution. In each case, however, there was evidence for the exist- 
ence of an unstable higher oxide of lead, traces of which were present 
in solid solution in the dioxide. These results rendered desirable 
a redetermination of the normal plumbic—plumbous potential first 
measured by Cumming (7'rans. Faraday Soc., 1907, 2, 199), who 
used electrolytic lead dioxide. 


EXPERIMENTAL, 

The chemical lead dioxide used in this work was prepared (unless 
otherwise stated) by the action of bleaching powder solution on a 
boiling solution of lead acetate; the product was washed with hot 
dilute nitric acid and with water, and dried. 


The System Lead—Lead Dioxide. 
For the purpose of electromotive measurements it was desirable 
to know whether the system lead—lead dioxide was stable in the 
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presence of alkali. To test this, lead dioxide was mixed with pure 
spongy lead (made by the action of zinc dust on lead acetate solution 
and freed from excess of zinc) and kept in contact with 15 per cent. 
sodium hydroxide solution for some months. The colour of the 
oxide became more and more red, and after six months analysis 
indicated the formula Pb,O,. The system lead-lead dioxide- 
alkali must therefore be regarded as unstable. This fact was 
further confirmed by potential measurements on a Pb|PbO, 
N-NaOH electrode. Immediately after setting up, the potential 
was —0-559 volt, which is that of Pb|PbO N-NaOH, showing 
that the first reaction was Pb” + Pb —> 2Pb", or PbO, + 
Pb —> 2PbO. On the next day the P.D. was 0-296 volt, all the 
lead which had been deposited on the platinum electrode having 
been dissolved. The potential remained constant at this value, 
which corresponds with that of the Pt ped, N-NaOH electrode; 
evidently the second reaction had been PbO + PbO, —> Pb,0,. 
By renewing the lead deposit on the platinum electrode from time 
to time, the potential eventually rose to 0-320 volt, which is that of 
the Pt Peo. N-NaOH electrode, showing that the final reaction 
was PbO + Pb,O, —> Pb,O,. 


PbO 
PbO 


Owing to the instability of the Pb|PbO, electrode, the electro- 


motive properties of lead dioxide were investigated in the plumbic- 


“tr N-NaOH, since the dioxide in solution 


The Pt 2N-NaOH Electrode. 


plumbous electrode, Pt 


almost certainly gives a definite concentration of Pb” ions, whilst 
the monoxide gives a definite Pb’ ion concentration. In the 
preliminary experiments lead dioxide was mixed in separate electrode 
vessels with various forms of lead monoxide and with hydrated 
monoxide, in fortuitous amounts. The vessels were then filled with 
N-sodium hydroxide, smooth platinum electrodes were inserted, 
and the potentials measured from day to day, the vessels being 
gently shaken in the intervals. In every case the potential at room 
temperature was initially about 0-27 volt, remained almost constant 
for two or three days, and then decreased slightly. After two or 
three weeks, a distinct reddening of the solid was observed in all 
the half-elements, whilst in some cases a layer of red solid had formed 
on the sides of the vessel. At the same time the potentials of some 
of the electrodes became very erratic, whilst others had increased 
to 0-31—0-32 volt. In view of previous work (this vol., p. 1456) 
the explanation of these phenomena is as follows. Lead monoxide 
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and dioxide combine to form red lead; if the original mixture con- 


tained excess of monoxide, the final potential would be erratic, 
since Pt ard does not give a definite potential value; if the 
O34 
dioxide had been present in excess, the final potential would be 
that of the Pt ped N-NaOH half-element, that is, of the order 
3 

of 0-32 volt. These conclusions were confirmed by making up 

mixtures containing known proportions of monoxide and dioxide, 

and measuring the potential of the Pt oa N-NaOH half-element 

2 
from day to day. 
Measurements at room temperature (about 17°). Scale H,|N-H*=0. 
II. 2PbO:PbO,,. 
L. 3PbO:PbO,,. - aoa neiniotii III. PbO:2PbO,. 
(a) (6) c) 

Days. P.D. Days. P.D. Days. P.D. Days. P.D. Days. P.D. 
0 0271 O 0273 QO 0274 O 0278 0 0273 
1 0:270 4 0°266 4 0°260 4 0°268 4 0°266 
3 0268 5 0°265 7 0°260 25 = =0°266 5 0266 
7 0-261 7 0265 11 0-260 39 0-322 7 0-265 
10 0258 14 0-258 20 0-272 53 0321 14 0-258 
33. -0"237 28 0271 26 0-308 Final 0°321 19 0°297 

Erratic after 30 0308 40 0°316 75 O'314 
this period. 45 O312 56 O315 Final 0-314 

60 0°316 Final 0°315 
Final 0°316 

The forms of lead monoxide used were, red in Series I, II a, 


and III; reddish-brown in II ¢; yellow in IL}. In Series I, where 
the potential had become erratic after thirty-three days, a red 
solid had formed on the sides of the electrode vessel. The remainder 
of the solid was emptied out, and fresh dioxide and N-sodium 
hydroxide put in; the potential was now found to be 0-312 volt, 
a value which suggests that the red solid was a mixture of red lead 
and lead sesquioxide. 

Similar series of experiments using lead dioxide prepared by the 
action of nitric acid on red lead gave exactly similar results. 

Allowing for the initial high values due to the presence of very 


small particles, the value of the Pt te N-NaOH electrode poten- 
2 


tial is probably of the order of 0-27 volt; this result was confirmed 
by the measurements on electrolytic lead dioxide described below. 


Electrolytic Lead Dioxide. 


Hollard (Compt. rend., 1903, 136, 229; 1904, 138, 142) found 
that lead dioxide deposited electrolytically on a platinised platinum 
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anode from a slightly acid solution of lead nitrate does not agree 
in composition with the formula PbO,. He weighed the deposits 
obtained from various known amounts of lead nitrate, and sug. 
gested that the substance formed is an oxide, PbO,, where z is greater 
than 2 and increases as the lead nitrate solution becomes more 
dilute. In the most dilute solution examined (0-0106 gram of lead 
in 300 c.c. of solution) the ratio, Pb]PbO,, was found to be 0-74; 
this would correspond with a value of about 4-5 for 2. No suggestion 
was, however, made that all or part of this extra mass may be due 
to the presence of adsorbed or combined water (compare Wernicke, 
Pogg. Annalen, 1870, 141, 109). Using smooth platinum elec. 
trodes, Hollard found that in every case almost pure lead dioxide 
was deposited independent of the concentration of the lead nitrate 
solution. In order to investigate the possible electromotive differ- 
ences in the various electrolytic products, a number of smooth 
and platinised platinum electrodes were coated with lead dioxide 
by electrolysis of various solutions of lead nitrate. After half an 
hour’s deposition with a current of 0-01 ampere, the electrodes 
were rapidly washed with water, then with N-sodium hydroxide, 
and placed in electrode vessels containing lead monoxide and N- 
alkali. The potentials were measured immediately, and variations 
carefully followed. Every form of electrolytically deposited lead 
dioxide showed the same peculiar behaviour independent of the 
electrode material, current density, time of deposition, and con- 
centration of the lead nitrate solution. The potential was in every 
case initially very high, 0-69 to 0-49 volt (compare the value 0-27 
volt for the ordinary dioxide); this decreased very rapidly at first, 
then more slowly with a distinct break in the rate of fall at 0-40 
volt. After this, the slow decline of potential continued sometimes 
for days or weeks, depending on the amount of the electrolytic 
deposit, until in every case the final value was 0-268 volt, correspond- 
ing with the normal Pt PbO, N-NaOH potential. At this value, 
the potential remained constant apparently indefinitely, probably 
due to the very slow rate of combination of electrolytic dioxide 
with the monoxide in the formation of red lead. No visible change 
could be observed in the dioxide during the fall of potential from 
0-69 to 0-268 volt. A typical example of the rate of fall of the elec- 
trode potential is given below; it should be stated that the initial 
value can have no definite meaning, because it must depend on 
the very small period of time that elapses between setting up the 
electrode and finding the balance point on the potentiometer. The 
initial rate of fall is so great that even a very small interval would 
cause an appreciable fall in the potential. 
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Time. PD. Time. PD. Time. P.D. Time. P.D. 

0 0°593 74 mins. 0°477 71 mins. 0°420 5 days 0°326 
] min. 0°558 15, 0-455 104 ,, 0°416 7 , 0310 
24 mins. 0°534 19 ,, 0-445 177 «4, 0412 10 ,, 0:294 
. ~ 0°520 28 «Cs, 0°434 Shours 0407 13 ,, , 0°284 
33» O512 37 , 0430 25 ,, 0362 20 ,, © 0-272 
ws 0-492 oS ws 0-426 2days 0346 28 ,, 0°268 


Initial Values.—The initial value measured appeared to depend 
to some extent on the current density used in depositing the dioxide ; 
for example, with a current density of 0-004 amp./cm.*, the initial 
potential was 0-59 volt, but with 0-1 amp./cm.? it was 0-70 volt. 
As explained above, these values can only be regarded as 
comparative. 

Breaks.—In some cases there was an indication of a break at 0-49 
volt, but this was not very definite, and may have been due to the 
normal diminution of the initial very high rate of fall. In every 
case, however, a break was noted in the vicinity of 0-40 volt, after 
which there was a steady fall to the normal value of 0-268 volt. 

Rate of Fall_—This depended to a great extent on the amount 
of dioxide that had been deposited. In one case, after deposition 
for five minutes with a current of 0-02 ampere on a platinum surface 
of about 1 sq. em., the final steady state was reached in eighteen 
hours. Where a platinised electrode had been used and dioxide 
deposited for two hours with the same current, the steady state was 
reached only after fifty-six days. 


Hydrated Lead Dioxide. 


Before describing further experiments on the electrolytic dioxide, 
reference must be made to the hydrated dioxide, H,PbO;, claimed 
to have been prepared by Wernicke (Pogg. Annalen, 1870, 139, 132 
by the electrolysis of an alkaline solution of lead tartrate. Schreber 
(Wied. Annalen, 1889, 36, 662) suggested that the product obtained 
had the formula Pb(OH), or PbO,2H,O. Streintz and Neumann 
(ibid., 1890, 44, 97) confirmed Wernicke’s results, and measured 
the potentials of the elements Pb|PbO, (chemical) and Pb|H,PbO, 
in sulphuric acid, against zinc. The #.M.F.’s of these cells were 
2-41 volts and 0-96 volt respectively ; it appears from this that the 
anhydrous oxide is metastable with respect to the hydrated form. 
Owing to the great instability of the system lead—lead dioxide, 
it is probable that the potential measured is not that of Pb|PbO, 
or H,PbO, in sulphuric acid, but rather a plumbic—plumbous 
potential. In the case of chemical lead dioxide, the solution sur- 
rounding the electrode would soon become saturated with lead 
sulphate, and so a stable potential would rapidly result. The elec- 
trolytie product (H,PbO,) is less reactive, probably owing to state 
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of division (compare the formation of red lead on p. 1472), and 
therefore the solution would become saturated with plumbous salt 
very slowly. The potential measured would thus depend on the 
time elapsing between setting up and measurement. 

Attempts were made to prepare this hydrated oxide by 
Wernicke’s method (loc. cit.). Unless the current density was very 
low and the liquid stirred from time to time, the difficulty was 
experienced that a basic salt separated round the anode owing 
to local diminution of the hydroxyl-ion concentration. Even when 
there was no visible formation of basic salt, some may have possibly 
been deposited with the dioxide on the anode. After drying in 
a desiccator, the composition of the product varied in different 
specimens; three samples gave the percentage loss on heating as 
11-7, 10-8, and 10-0, respectively (H,PbO, requires loss on heating 
= 13-22 per cent.). The substance was therefore not a pure hydrate, 
and may have belonged to the same category as the electrolytic 
deposits of Hollard (loc. cit.). The electromotive activity of the 
Wernicke product was investigated in the same way, and the results 
obtained were identical with those given by electrolytic lead dioxide 
deposited from acid or neutral lead nitrate solution. In every case 
where the so-called hydrate was examined, the initial potential 
was about 0-6 volt, falling rapidly to 0-40 volt, and then more slowly 
to the stable value, 0-268 volt. The existence of a pure hydrated 
dioxide, H,PbO,, is doubtful, and it is very probable that the 
substance is merely electrolytic lead dioxide containing about 3 per 
cent. of adsorbed water, which it is known to retain very tenaciously, 
Although the existence of H,PbO, has by no means been disproved, 
yet considering its electromotive behaviour, its variable composition, 
and the fact that no salts of the type M,'PbO, * are definitely known, 
but only those of the type M,'Pb(OH), which are derived from the 
very unstable H,Pb(OH), (Bellucci and Parravano, Z. anorg. Chem., 
1906, 50, 107), its existence seems improbable. 


Stability of the Initial Electrolytic Product. 


The following experiments refer to lead dioxide deposited from 
lead nitrate solutions; similar experiments with the Wernicke 
product gave similar results. 

Evidently during electrolytic deposition a highly metastable 
substance is formed which decomposes rapidly in the presence 
of lead monoxide and alkali. A series of experiments was carried 
out with the object of determining the stability of the product in 
other reagents and under differing conditions. Lead dioxide was 

* See, however, Grube’s work (Z. Elektrochem., 1922, 28, 273), which 
appeared after this paper was written, 
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deposited electrolytically from a 5 per cent. lead nitrate solution 
containing a little nitric acid; the electrode was washed and sub- 
jected to some physical or chemical treatment. It was then placed 
in an electrode vessel containing lead monoxide and N-sodium 
hydroxide, and the potential measured. The treatment and results 


are tabulated below. 


Initial P.D. 
Treatment. (volt). Remarks. 
0°44 No break at 0°40 volt. 


a, In 4N-HNO, for 18 hours 
b. In 4N-H,SO, _,, - 0°43 Normal fall. 
¢. In 4N-H,SO, and PbSO, for 2 hours 0°45 Ne ts 
d. In electrolytic bath for 1} hours 0°37 

with current off 


:. In 5% lead nitrate for 1 hour 0°39 

f, In N-sodium hydroxide for 2 hours 0°48 Normal fall. 

y. In slightly acid hydrogen peroxide 0°35 Rose to 0°44 volt in 13 

' for 1 hour mins. and then fell 
steadily. 

h. In boiling water for 5 minutes 0°30 Fell to 0°276 volt in 
3 hours. 


The following experiments were also made. (i) The freshly 
deposited lead dioxide was made up into a plumbic—plumbous 
half-element by placing it in a vessel containing about 4N-nitric 
acid and 0-01M/-lead nitrate; after three days, when the potential 
was only 0-01 volt higher than that given by stable lead dioxide, 
the electrode was removed and its potential measured in lead 
monoxide and N-sodium hydroxide; the initial value was 0-45 volt. 

(j) The lead dioxide was deposited from a nitrate bath surrounded 
by boiling water; the initial potential was 0-432 volt. 

(k) An electrode prepared in the normal way was washed with 
water, alcohol, and ether, and placed in a desiccator for eighteen 
hours; the initial potential was 0-483 volt, and the fall normal. 

We thus see that the substance giving the high electrode poten- 
tials decomposes comparatively slowly in acids and alkalis, but 
rapidly by the action of heat or sodium plumbite solution. The 
explanation suggested is that all the forms of electrolytic dioxide 
contain a higher metastable oxide in solid solution. The amount of 
this higher oxide present must be very small, as it could not be 
detected by analysis; there might, even so, be sufficient to show 
pronounced electromotive activity.* Owing to its dilution by a 

* Since this paper was written MacInnes and Townsend (J. Ind. Eng. 
Chem., 1922, 14, 420) have reported the estimation of lead by electrolytic 
deposition as dioxide, the latter being immediately estimated by the direct 
iodometric or oxalic acid method. Since the results are in excellent agreement 
with theory,the authors claim to have definitely established that no higher oxides 
can be present in the electrolytic deposit. It should, of course, be added that 
a higher oxide may be present in an amount insufficient to be detected by 
ordinary methods of analysis. 
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large excess of dioxide, the rate of decomposition of the higher 
oxide would be greatly decreased, and would become smaller 
as the concentration became less. Theoretically, therefore, the 
rate of fall of potential should gradually decrease, and the potential 
for pure lead dioxide should be approached asymptotically ; qualita. 
tively this is the actual behaviour. Apparently acids and alkalis 
do not affect the rate of decomposition, but as is to be expected, rise 
of temperature accelerates it. A curious result is that of experiment 
(¢), where practically normal potential values were obtained in the 
nitric acid half-element, yet the same electrode gave very high 
metastable values in the alkaline half-element. Evidently the 
higher oxide of lead, for which the formula PbO, is tentatively 
suggested, like most other higher oxides, is acidic (compare Pt0,, 
Wohler and Martin, Ber., 1909, 42, 3326), and therefore gives 
negative ions electromotively active with other negative ions, 
for example, plumbite and plumbate, but not with plumbous and 
plumbic ions, which would be present in the nitric acid electrode. 
The presence of a very small concentration of Pb” ions might account 
for the slightly higher results obtained in the nitric acid half-element 
before stability was attained. 

Another possible explanation is that the initial high values are 
due to adsorbed oxygen (compare Elbs and Forssel, Z. Elektrochem.., 
1902, 8, 760). A potential of 0-69 volt would require an oxygen 
pressure of about 101* atms., and although adsorption pressures are 
known to be great, yet they would scarcely be of this order of 
magnitude. Whilst standing in nitric acid, gas bubbles were 
observed to be coming from the electrolytic deposit, but this may 
have been due either to displacement of adsorbed oxygen, or to 
the decomposition of the higher oxide, PbO,. 

The Break at 0°40 Volt.—A potential of 0°40 volt corresponds 
with that of a reversible oxygen electrode at a pressure of about | 
atmosphere, in N-sodium hydroxide. A break at this point would 
be expected, for the rate of escape of oxygen from the electrode 
would become slower when it was being evolved at a pressure equal 
to that of the oxygen in the atmosphere. It has been found that 
electrolytic lead dioxide deposited on lead electrodes does not show 
this break, which may have been due, therefore, to an oxide of 
platinum. Decomposition of this oxide by nitric acid would explain 
why lead dioxide electrodes kept in nitric acid (see expt. [a], p. 1475) 
do not show a break at 0°40 volt. 


The Normal Plumbic—Plumbous Potential. 


In measuring the normal Pb*** —> Pb” potential, Cumming 
(loc. cit.), who used electrolytically deposited lead dioxide, and noted 
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that in nitric acid half-clements the potential first fell, then became 
steady for many hours, and finally diminished slowly and apparently 
indefinitely, used the first steady value and attributed the subsequent 
fall to the presence of impurities. In view of the results obtained 
in the present investigation with electrolytic dioxide in alkaline 
electrodes, the determination of the normal plumbic—plumbous 
potential was repeated, using chemical lead dioxide only. Half- 
elements were made up from nitric acid solutions of known concentra- 
tion containing known amounts of lead nitrate, and excess of solid 
dioxide. The potential of a smooth platinum electrode inserted 
well into the solid was measured, after a week, against that of a 
normal calomel electrode, using a saturated solution of ammonium 
nitrate as intermediate liquid. The results were compared with 
those obtained with electrolytic dioxide in the same solutions, and 
it was found that, in general, when the first (apparent) steady state 
was reached, the potentials of the latter were about 0°02 volt higher 
than those given by the chemical dioxide. After several days, 
both types of electrode gave identical potential values. The normal 
Pb"** —> Pb” potential is calculated below from the results 
obtained with the chemical dioxide, use being made of Cumming’s 
empirical formula for the plumbic-ion concentration in nitric acid 
solutions saturated with lead dioxide, namely, [Pb****] = [HNO,]* 


(H,O}? x 2°4 x 10°? gram-ion per litre at 25°. 


Measurements at 25°. Scale H,|N-H*= 0. 


HNO,. Pb’. £ (volts). EH, (volts). HNO,. Pb". (volts). EH, (volts): 
0483 N 0°005 M_ 1°519 1-686 190N 005M 1°587 1:713 

ae 0°05 1°494 1689 2°82 ms 1°624 1-730 
0965 , 1°547 1°686 , 0-01 1-653 1°723 

a 1°522 1°684 =e 0°05 1-642 1°734 
0-980 1-531 1-690 , 0-01 1°694 1-743 
1:729 00: 1:598 1°699 0°05 1°682 1°754 

e “02 1-570 1-700 


The steady increase in the value of Ey, the normal plumbic- 
plumbous potential, may be due to three causes, (a) the failure of 
ammonium nitrate solution to eliminate diffusion potential at high 
nitric acid concentrations, (b) the solubility of lead dioxide in the 
more dilute solutions is smaller than that calculated by the Cumming 
formula, and (c) in concentrated acid solution the thermodynamic 
activity of the plumbous ions is very much smaller than unity. 
The first point was tested by using saturated potassium chloride 
solution as intermediate liquid, when identical results were obtained ; 
no further method for testing this possibility could be found. With 
regard to the second possibility, it would appear from the results 
obtained that the solubility of lead dioxide in N-nitric acid is about 
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one-hundredth part of that calculated by the Cumming formula: 
in dilute solutions, however, owing to the greater degree of ionisation 
of the nitric acid, one would expect a relatively greater solubility 
instead of a very much smaller one. As regards the third point, 
Cumming (loc. cit.) has shown that in fairly dilute acid solution, 
for example, 0°897N-nitric acid, the ratio of the lead nitrate concen. 
trations in 01 and 0°01 molar solutions is a good measure of the 
ratio of the plumbous-ion concentrations. In 4:22 N-acid, however, 
even at such low lead nitrate concentrations as 0°01 and 0-0001, 
the ratio of the plumbous-ion concentrations, instead of being 100 : 1, 
was 18:1 (this value has been calculated from Cumming’s P.D. 
measurements). This discrepancy is also seen in the results of 
the present series of measurements; with 3°81N- and 6:00N-acids, 
where the ratio of lead nitrate concentrations is 5: 1 in each case, 
requiring a difference of potential of 0-021 volt, the actual differences 
are 0°011 and 0-012 volt, respectively. Further, if the Cumming 
formula is generalised in the form [Pb****] =[H*}{H,O}? x 2°4 x 10°, 
the normal plumbic—plumbous potential may be calculated from the 


known value of the Pt ee N-NaQOH electrode (0°268 volt). In 
2 


this case, the Pb*’-ion concentration is known to be 2:2 x 10% 
(T., 1921, 119, 1914) and the Pb’” concentration may be calculated 
from the above formula as 2:2 x 10-8; the normal Pb” —» Pb" 
potential is thus 1°684 volts at 25°. This result is in striking agree- 
ment with those obtained in the more dilute nitric acid solutions. 

Taking these facts into consideration, as well as the fact that 
electrolytic dioxide gives results that are probably slightly too high, 
the author is of opinion that the normal Pb***” —» Pb” potential, 
1°82 volts, adopted by Cumming, is in excess of the true value. 
It is suggested that a potential of 1°75 volts at 25° would be more 
correct, although probably still too high. This value will be adopted 
in subsequent calculations. 


The Solubility Product of Lead Dioxide. 
From the known value of the potential of the Pt he N-NaOH 
2 


electrode (0°268 volt), and of the plumbous-ion concentration 
produced by dissolving lead monoxide in N-sodium hydroxide 
(2-2 x 10° gram-ion per litre), the plumbic-ion concentration in 
the electrode is 1°30 x 10 gram-ion per litre, assuming that the 
normal Pb" —» Pb” potential is 1°75 volts. Since N-sodium 
hydroxide is dissociated to the extent of 72 per cent., the solubility 
product of the dioxide is given by 


L, = [Pb**"] [OH’}* = 1:30 x 10° x (0°72) = 3:25 x 10°, 
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The Instability of the System Lead—Lead Dioxide. 

If metallic lead is in contact with a solution containing Pb™” 
and Pb” ions, an equilibrium is set up as follows : 
pp""-+ Pb == 2Pb**. Hence, at equilibrium, [Pb }?/[Pb””] = K. 
ncen-§ = This constant may be calculated from a consideration of the elec- 
f the ll trode potentials of the reactions Pb” —> Pb and Pb” —> Pb”; 
ever,# vhen these potentials are equal, the system is in equilibrium. 
001, The normal electrode potentials are — 0°130 and 1-75 volts, respec- 
0:1, tively; hence, at equilibrium, we have : 


ve 175 + 0°0295 log [Pb****]/[Pb"] = —0°130 + 0°0295 log [Pb] 
cids, whence [Pb"?/[Pb"""] = K = 107, 
case, § Suppose in this mixture of lead, plumbic, and plumbous ions 


nces ff wlid lead dioxide is also present, then [Pb***][(OH’}t = LZ; = 10° 
ning § omitting the integers). When the system is in equilibrium, 
10”, § Pb" P[OH’}t = Kj, that is, [Pb“[OH’? = V Kj, which is equal 
the B io 10-23 (approx.). 

In In a solution saturated with lead monoxide (or hydroxide) the 
wlubility product, [Pb][OH’? = 1:1 x 10% (T., 1921, 119, 


15 
“ 1914); hence at equilibrium in the system lead-solid lead dioxide, 


ei the solubility product of the monoxide is very greatly exceeded 
=e, (Pb"][OH’? = V10%) and therefore this oxide will be precipitated. 


This will disturb the equilibrium, more Pb*** ions will react with 
metallic lead to form Pb” ions, which will again be removed from 
the system as solid monoxide, and these processes will continue 
until either all the solid lead is dissolved or only a minute amount 
of lead dioxide remains. These results demonstrate the essential 
instability of the system lead—lead dioxide. 


ns. 
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B Pa PbO 4» 7, 

y considering the cell Pt pro, ¥-Ne0k H,(1 atm.)|Pt, the 
E.M.F. of which is 0°268 — (—0°810) = 1:078 volts at 17°, as an 
OH foxygen-hydrogen cell, the pressure of oxygen in the reaction 
_ | PbO, —> PbO + 30, may be calculated as 2-4 x 10" atm. 
"24 Using the value 12,100 calories (Tscheltzow, Compt. rend., 1885, 
ide 100, 1458) as the heat of this reaction, the dissociation pressure 
calculated by Nernst’s theorem is 7°1 x 107? atm. at 17°. 

In view of the fact that lead dioxide on heating forms a series 
_. } of solid solutions with the resulting lead monoxide (Reinders and 
My Hamburger, Z. anorg. Chem., 1914, 89, 71), it did not appear desirable 
to make any detailed calculations as to the temperature of complete 
dissociation in air. One determination by the use of the integrated 
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form of the van’t Hoff isochore gave a temperature of 394° for an 
oxygen dissociation pressure of 0°21 atm. By extrapolation from 
the results of Reinders and Hamburger, it appears that lead dioxide 
containing only a small amount of monoxide in solid solution would 
have a dissociation pressure about a hundred times as great, at that 
temperature. 


E.M.F.’s Calculated by Nernst’s Theorem. 

The £.M.F. of the cell Pt peo N-NaOH H,(1 atm.)|Pt involving 
2 

the reaction PbO, + H, = H,O + PbO, the water being in the 

form of ice, may be calculated for 0°. For the reaction at 17°, 

we have : 


Q, = 68,400 (H,O) + 1580 (ice, water at 17°) —12,100 (PbO,0) 
= 57,880 cals. 


The molecular heats of the reactants are 15°5 for the dioxide 
and 6°8 for hydrogen; those of the resultants are 11°8 for the 
monoxide and 9°5 for ice. These lead to a value of 57,228 cals. 
for Q, and —0°0043 for 8, from which the #.M.F. of the cell is 
calculated as 1-092 volts at 0°. By the more approximate method 
in which water is involved instead of ice, Q) is found to be 56,880 
cals., and 8 is —0°019, leading to an Z.M.F. of 1:109 volts at 17°. 
The actual #.M.F. of the cell at 17° is 1-078 volts. 


Summary. 

(1) The stability of the system lead—lead dioxide in alkali has 
been investigated practically and theoretically. 

(2) Electromotive measurements have shown that lead monoxide 
and dioxide combine in the presence of N-alkali to form red lead. 

(3) The electromotive behaviour of electrolytically deposited lead 
dioxide suggests that a trace of a higher, acidic oxide (possibly 
PbO,) is present in the deposit. 

(4) The evidence for the existence of a definite hydrated lead 
dioxide, H,PbOg, is criticised. 

(5) The normal plumbic-plumbous potential has been redeter- 
mined, and a maximum value of 1°75 volts at 25° is indicated. 


The author’s best thanks are again due to Professor Allmand for 
his valuable suggestions and criticism. 
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CLXXIV.—The Oxidising and Reducing Properties of 
Sulphur Dioxide. Part I. Mercury Chlorides. 


By LACHLAN MAcQuARIE STEWART and WILLIAM WARDLAW. 


Taat sulphur dioxide can function either as an oxidising or a 
reducing agent has been shown in the case of certain chlorides, 
sulphates, and phosphates (T., 1920, 117, 1093, 1241; this vol., 
p. 210). The concentration of the acid plays an important part 
in many of these reactions, for by varying the amount of acid 
present the sulphur dioxide can be made either to oxidise or to 
reduce. 

The chlorides of mercury seem to afford an interesting case for 
investigation, for the fact that mercuric chloride is quantitatively 
reduced by sulphur dioxide to the mercurous salt only under very 
specific conditions has been noticed by investigators since the time 
of Vogel and Wohler. Sartorius (Annalen, 1855, 96, 335) showed 
that the question of concentration of the initial mercuric chloride 
solution is of great importance in determining whether the yield of 
mercurous chloride shall be quantitative or not. He showed that 
when a solution of mercuric chloride (1 : 80), saturated with sulphur 
dioxide at 70—80°, is maintained at that temperature for a prolonged 
period, the yield of mercurous chloride is almost theoretical. This 
conclusion was confirmed by Bolley. 

The most recent contribution to this subject was made by Sanders 
(Z. angew. Chem., 1915, 28, 9), who concluded that the oxidation of 
sulphur dioxide by mercuric chloride takes place in accordance 
with equation (iv). It was quantitative, however, only when the 
solution contained not more than two grams of sulphur dioxide 
per litre. With greater concentrations, the gas escaped unoxidised 
from the boiling solution. 

Smythe and Wardlaw (Proc. Durham Phil. Soc., 1914, 5, 187) 
have shown that sulphur dioxide oxidises mercurous chloride 
quantitatively to the mercuric salt in accordance with the equation : 


SO, + 4HCl + 2Hg,Cl, = 4HgCl, + 2H,O+S . . (i) 
Evidently the reactions of sulphur dioxide with mercury chlorides 


are of a diverse nature, and the following experiments were carried 
out with the object of further investigating the conditions for these 


reactions. 


EXPERIMENTAL, 
Reactions of Mercurous Chloride with Sulphur Dioxide. 
The method used in studying the reaction quantitatively was as 
follows : 
VOL, CXXI. 3F 
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A definite weight of mercurous chloride was covered with , 
known volume of hydrochloric acid of varying concentration cop. 
taining dissolved sulphur dioxide, the mercurous chloride being 
white at this stage of the experiment. The flask was immersed iy 
an oil-bath maintained at a constant temperature of 95°, and a 
slow stream of sulphur dioxide was passed through the mixture 
for twelve hours. The residue was filtered on a Gooch crucible, 
washed with dilute hydrochloric acid and with water respectively, 
dried, and weighed. The preliminary washing with hydrochloric 
acid removed sulphur dioxide which would have otherwise reduced 
the calomel to mercury on washing with water. The contents of 
the crucible were then extracted with chloroform in a Soxhlet tube, 
the sulphur being recovered by evaporation of the chloroform and 
weighed. 


TABLE I. 
Weight of mercurous chloride = 2-9376 grams. 
Duration of experiment = 12 hours. 
Unchanged 
Normality of mercurous Sulphur. 
hydrochloric — chloride. Cale. Found. 
acid. Grams. Gram. Gram. Remarks. 
8-64 nil. 0-0998 0-0989 No darkening. 
4-75 1-9040 0-0351 0-0363 ~ 
4-32 2-1408 0-0271 0-0293 * 
2-16 2-6862* 0-0085 0-0070 ~=Slight darkening. 
1-73 2-7674 0-0058 0-0045 Appreciable darkening. 
1-44 nil. Appreciable darkening 


and no sulphur. 


* Duration, 7 hours. 


The first point of note in connexion with these experiments is the 
fact that mercurous chloride remains white in the presence of sulphur 
dioxide and high concentrations of hydrochloric acid. Had the 
hydrochloric acid, initially employed, not contained sulphur 
dioxide, the acid alone would have decomposed the mercurous salt. 
Richards (Z. physikal. Chem., 1897, 24, 39) observed that mer- 
curous chloride is appreciably decomposed into mercuric chloride 
and mercury in the presence of other chlorides, and Richards and 
Archibald (ibid., 1902, 40, 385) found that the system reaches a 
definite equilibrium and that the amount of mercuric chloride in 
the solution increases with increase in the chloride concentration, 
the increase being approximately proportional to the square of 
the concentration of the chlorine ions in the solution. If mer- 
curous chloride is covered with sulphurous acid alone and warmed 
at 95°, darkening immediately occurs. Evidently, therefore, in 
our experiments with high concentrations of acid, the normal 
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pehaviour of the acid and sulphur dioxide respectively is in abey- 
ance and the two substances act as an oxidising medium whereby 
mercuric chloride is formed and sulphur deposited, in accordance 
with equation (i). 

With decrease in the acid concentration the oxidising action of 
the sulphur dioxide becomes less pronounced and darkening occurs, 
indicating decomposition of the mercurous salt. The fact that 
no sulphuric acid can be detected shows that the mercurous chloride 


decomposes solely as 
Hg,Cl == Hg+HgCl .... . (ii) 
and that no reduction by the sulphur dioxide occurs. «Reduction 
by sulphur dioxide could take place in two ways : 
Hg,Cl, + SO, + 2H,O = 2Hg + 2HC1+H,SO, . . (iii) 
2HgCl, + SO, + 2H,O = Hg,Cl, + 2HC1+ H,SO, . (iv) 


In both cases sulphuric acid would be produced. 


TaB_eE II. 
Weight of mercurous chloride = 2-9376 grams. 
Duration of experiment = 12 hours. 
Normality of 
hydrochloric 
acid. Remarks. 
0-785 Slight darkening at the end of the experiment. 
pie Mercurie chloride was detected, but not sulphuric 
oom acid 
*0-108 Remained white. 
0-072 ) 
0-052 + Darkening just perceptible. 
0-036 
0 Immediate darkening. Sulphuric acid was pro- 


duced in quantity. 


With decrease in the concentration of the hydrochloric acid the 
amount of mercurous salt decomposed diminishes until it seems 
to reach a minimum (in the experiment denoted by the asterisk in 
Table IL), and then increases again. The reason for this result in 
the experiment referred to will be dealt with later. It seems, 
however, well established that the reducing power of sulphur 
lioxide, so well-defined in aqueous solutions, is almost inoperative 
in the presence of very dilute hydrochloric acid. Further experi- 
ments amply confirmed this view, which, moreover, serves to 
explain some observations of earlier investigators. Vogel has 
tated that mercurous chloride is converted by sulphurous acid 
into a grey sub-chloride. Divers and Shimidzu (T., 1886, 49, 
87), however, state that they observed very slight decomposition 
to occur in the cold. They summarise their conclusions as follows : 
3 F2 
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“Ordinary calomel becomes a little greyish when suspended in , 
small quantity of water through which sulphur dioxide is passed . ,. 
only traces of hydrochloric acid are found in the mother-liquor, 
We doubt whether there is any reaction at all between true mer. 
curous chloride and sulphurous acid, for when mercurous chlorids 
is precipitated by sulphurous acid itself, it is of dazzling whiteness,” 
The last observation of Divers and Shimidzu, in view of our experi. 
ments, is not a satisfactory proof that mercurous chloride does not 
react with sulphurous acid. During its precipitation from the 
mercuric salt, hydrochloric and sulphuric acids would be produced, 
and as we have shown that a small quantity of acid inhibits the 
reducing effect of sulphurous acid, no reaction with the precipitated 
mercurous chloride would be expected. These experimental 
observations of Divers and Shimidzu, however, support the view 
that traces of hydrochloric acid have a very marked inhibiting 
effect on the reducing action of sulphur dioxide on mercurous 
chloride. 


Reactions of Mercuric Chloride with Sulphur Dioxide. 


It is well known that mercuric chloride in nearly boiling solution 
is converted by sulphur dioxide into mercurous chloride, hydro- 
chloric and sulphuric acids. This reaction does not take place in 
the cold, but Divers and Shimidzu (loc. cit.) have shown that, even 
so, the two substances are not indifferent to one another. Mercuric 
chloride dissolves much more readily in aqueous solutions con- 
taining sulphur dioxide than in water alone. This increased 
solubility in sulphurous acid is not observed in the presence of 
much sulphuric acid. The above authors have explained the 
reduction of mercuric chloride as proceeding in stages. The first 
stage results in the intermediate formation of mercuric hydrogen 
sulphite (v). This undergoes partial hydrolysis in the presence of 
a small but sufficient quantity of acid into mercurosic sulphite (vi), 
which is decomposed by the hydrochloric acid (vii). 


HgCl, + 2H,SO, = Hg(HSO,),+2HCl . . . . (v) 


3Hg(HSO,), -+ H,O = Hg,(SO,). + H,SO, + 3H,SO,. (vi) 
Hg,(SO,), -+ 4HCl = HgCl, + Hg,Cl, + 2H,SO,. . (vii) 


Divers and Shimidzu explain the limited reduction of mercuric 
chloride by sulphur dioxide as being due to the fact that in the 
course of the reduction so much sulphuric acid is formed that it 
prevents the remainder of the mercuric chloride from forming the 
essential intermediate mercuric hydrogen sulphite and thereby 
brings the reaction to a close. This represents one explanation of 
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the facts first recorded by Sartorius and mentioned in the intro- 
duction to this communication. The influence of the hydrochloric 
acid liberated in the reduction, however, requires consideration in 
yiew of the small ionisation of mercuric chloride even in aqueous 
solution, and especially on account of the formation of complexes 
with this acid. Le Blanc and Noyes (Z. physikal. Chem., 1890, 

6, 401) showed that the complex H,Hg(Cl, is formed from mercuric 
airido and hydrochloric acid and that it is a strong acid dis- 
sciating to about the same extent as hydrochloric acid. 

With the object of determining the influence of concentration of 
hydrochloric acid on the reduction of mercuric chloride by sulphur 
dioxide, the experiments recorded in Tables III and IV were carried 
out. Sulphur dioxide was passed for twelve hours through a 
glution of mercuric chloride in 120 c.c. of standard hydrochloric 


acid at 95°. 


TaBLeE III. 
Normality of hydrochloric acid = 0-48N. 
Mercurous Mercurous 
Mercuric chloride Mercuric chloride 
chloride. produced. chloride. produced. 
Grams. Grams. Grams. Grams. Remarks. 
5-1580 0-1058 1-0106 0-0070 Crystalline deposits of 
2-9760 0-0278 0-3090 0-0020 calomel were formed 
1-8968 0-0160 in every experiment 
and no darkening was 
observed. 
TABLE IV. 
Normality of hydrochloric acid = 2-64N. 
Mercuric Mercuric 
chloride. chloride. 
Grams. Remarks. Grams. Remarks. 
9-8314 ae coi end 36-2810 ) Very minute deposit, 
14-7352 a“ 46-3700 J thought to be sulphur. 
25-7948 am 62-8170 00-0437 gram of calomel 


produced. 


With a definite concentration of acid, the yield of mercurous salt 
is dependent on the concentration of mercuric chloride present. 


TABLE V. 

In the undermentioned experiments two solutions, having either 
a constant acid or a constant mercuric chloride content (the values 
bracketed in the table), were subjected, concurrently, to the action 
of sulphur dioxide for a definite period, which differed in the various 
experimenté. 
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Temperature = 95°. 


Concentrated 
Mercuric hydrochloric Mercurous chloride 
chloride. acid. Water. obtained. 

Grams. C.e. C.e. Grams. 
3:3 5 115 0-0757 
{ wr 10 110 0-0063 
3-3 6 114 0-0245 
- 9-6 110-4 0-0090 
(6-6 4:8 115-2 0-4397 
(3-3 - 115-2 0-0870 
f 6-6 4:8 115-2 0-2633 
(13-2 a 115-2 2-0852 


These experiments confirm the idea that the amount of mercurous 
chloride deposited is dependent on the concentration of the acid 
itself and the initial concentration of the mercuric chloride. Debray 
(Compt. rend., 1882, 94, 1222) observed a similar behaviour of 
mercuric chloride in solutions of sodium chloride. This peculiarity 
of mercuric chloride in the presence of hydrochloric acid and alkali 
chlorides seems satisfactorily explained by the fact that mercuric 
chloride is only slightly ionised even in aqueous solution and that 
it forms complexes with hydrochloric acid and alkali chlorides, 
Before reduction of the mercuric chloride can occur, a certain 
concentration of free mercuric ions must be present. In hydro- 
chloric acid of high concentration, no such mercuric ions will be 
formed. When mercuric chloride is taken up in the form of the 
complex, it will ionise mainly as H,HgC], —= 2H* + HgCi,”. 
Le Blane and Noyes (loc. cit.) have shown that the actual hydrogen- 
ion concentration of hydrochloric acid is unaffected by addition 
of mercuric chloride. However, the concentration of the chlorine 
ion is affected by the formation of the complex, and as this is the 
important ion in determining the ionisation of the mercuric chloride 
into mercuric ions, it follows that a stage will be reached in the 
addition of the mercuric chloride to the acid when the chlorine-ion 
concentration will be sufficiently lowered to allow the necessary 
mercuric ion concentration to be present for reduction to proceed. 
Obviously, on this view, the conditions for reduction are, in agree- 
ment with the experimental results, dependent on the concentration 
of the acid and of the mercuric chloride. 


The Quantitative Reduction of Mercurie Chloride. 


Sulphur dioxide was passed for twelve hours into an aqueous 
solution (120 c.c.) at 95° containing the amount of mercuric chloride 
given in the first column in Table VI. ‘i 


pa 
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TABLE VI. . 
Mercuric Mercurous chloride. Mercuric Mercurous chloride. 
chloride. Grams. chloride. Grams. ™ 
Grams. Cale. Found. Grams. Cale. Found. 
33791 2-9380 2-8862 2-6053 2-2650 2-2470 
33000 2-8690 2-8236 2-5990 2-2600 2-2400 


from the above figures it will be seen that the reduction is nearly 
juantitative when 2-6 grams of mercuric chloride are present under 
the special conditions of the experiment. Sartorius found that 
reduction was nearly quantitative at 70—80° in a solution con- 
taining 1 gram of mercuric chloride in 80 c.c. Sanders (loc. cit.), 
wing boiling solutions, found that the reduction was quantitative 
oly when not more than 2 grams of sulphur dioxide per litre were 
present. This corresponds with a reduction of 17 grams of mercuric 
chloride per litre. Our figure corresponds with 21-7 grams of 
mercuric chloride per litre reduced by sulphur dioxide. Reference 
to Table VI, however, indicates that reduction would only be 
complete in a somewhat lower concentration of mercuric salt. On 
Sanders’s figure, the reduction results in the liberation of hydro- 
chloric and sulphuric acids, the total concentration of which pro- 
duces an acidity of 0-13N. Undoubtedly the production of a definite 
acidity brings the reaction to a close, for hydrochloric acid will react 
with the mercuric chloride to form complexesand un-ionised molecules. 

To determine what effect approximately 0-13N- or less concen- 
trated hydrochloric acid has on calomel, the following experiments 
were carried out. 

TaB.e VII. 

The mercurous chloride was covered with 120 c.c. of the acid 
of strength specified in the first column, and sulphur dioxide was 
passed for varying periods, the temperature being 95°. 


Normality of 


hydrochloric 
acid. Remarks. 
0-160 No darkening at the end of 20 hours. 
0-020 Slightly grey at the end of 5 hours. 
0-016 Dark at the end of 4 hours. 
0-001 Distinctly black at the end of 4 hours. 


These results serve to clarify those of Table II. Considering the 
results in Tables II and VII, it seems clearly established that in 
the reactions of mercurous chloride and sulphur dioxide in the 
presence of hydrochloric acid there is a definite stage of acid con- 
centration where the calomel remains unaffected. The lower limit 
of this stage has been fixed by the experiments recorded in Table VI. 
The concentration of the hydrochloric acid liberated in the quan- 
titative reduction of mercuric chloride was 0-:065N; a similar 
concentration of sulphuric acid would also be liberated. With 
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‘ concentrations of acid ranging from this to about 0-02N, only 
very slight darkening was detected. With acid less concentrated 
than 0-02N, distinct reduction was noted, which became more 
pronounced as the acid reached zero concentration. This reduction 
takes place in accordance with equation (iii). 

Above 0-065N-acid concentration, there is a range of acidity 
where the calomel is unaffected. Beyond this area, darkening 
occurs in accordance with equation (ii). 


Reduction of Mercurous Chloride to Mercury. 


To determine the acidity produced when mercurous chloride was 
quantitatively reduced to mercury by sulphur dioxide, calomel, 
covered with water, was subjected to the action of sulphur dioxide 
at 95° for twelve hours. It was found that the maximum amount 
of calomel that was quantitatively reduced to mercury under the 
conditions of the experiment was 0-2024 gram. The maximum 
amount of mercuric chloride (in 120 c.c. of water) that was reduced 
to mercury by sulphur dioxide under the same conditions was 
0-154 gram. Calculating the acidity of the solutions produced by 
the reductions, it was found that the mercurous salt gave a 0-014N- 
acidity and the mercuric chloride a 0-019N-acidity. These results 
show a distinct agreement and seem to indicate that for complete 
reduction a very low acid concentration must be finally produced. 

From these results it would seem that if an acidity of more than 
approximately 0-02N is developed in the reduction of the mercury 
chlorides, reduction to mercury will be incomplete. Reference to 
the various results obtained in the investigation of the influence of 
acid concentration on the reduction of calomel shows that only 
when the acidity was less than the above figure was appreciable 
darkening noted. Superficial darkening has been noticed in acid 
of higher concentration, but it may be due to experimental error 
and not to a definite reduction effect. 


Summary. 

The type of reaction that occurs when sulphur dioxide reacts 
at 95° with mercurous chloride in the presence of hydrochloric acid 
depends on the concentration of acid present. 

Normality of 


hydrochloric 
acid. Remarks. Equation. 
8—2 Oxidation area. Oxidation decreases with de- (i) 
creasing acid concentration. 
2—0-16 Decomposition area. Darkening decreases with (ii) 
decrease in acid concentration. 
0-16—0-07 Inert area. Calomel unaffected. 
0-07—0-02 Minute reduction. 
0-02—zero Reduction area. Reduction increases with de- (iii) 


creased acid concentration. 
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Quantitative reduction to mercurous chloride occurs when sulphur 
dioxide reacts for twelve hours at 95° with approximately 2-6 grams 
of mercuric chloride in 120 c.c. of water. Above this concentration 
of mercuric chloride, incomplete reduction occurs. The amount of 
reduction of mercuric chloride to mercurous chloride depends on 
the concentration of hydrochloric acid present and the initial 
concentration of mercuric chloride. 

The small degree of ionisation of mercuric chloride in aqueous 
solution, and the fact that it forms complexes with hydrochloric 
acid, have an important bearing on the above reactions. 


The authors desire to express their thanks to the Chemical 
Society for a grant which has partly defrayed the expense of this 
investigation. 
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(LXXV.—The Cyanine Dyes. Part V. The Virtual 
Tautomerism of the Thiocyanines. 


By Witt1amM Hopson Mitts and WaLTeR THEODORE KaRL 
BRAUNHOLTZ. 


Tae structural formule which have been established for various 
dasses of cyanine dyes all contain one equivalent of an acid radicle 
and two nitrogen atoms of basic function connected by a chain 
of conjugate double linkings. This strongly suggested the possi- 
bility that these dyes might exhibit a type of virtual tautomerism 
involving the transference of the acid radicle from one of the two 
nitrogen atoms to the other with the correlated shift in the con- 
jugated double linkings of the connecting chain. 

Other considerations pointed in the same direction. For example, 
whilst the results of the oxidation of an isocyanine by potassium 
permanganate (Mills and Wishart, T., 1920, 117, 579) indicate that 
the isocyanines have the structure II, 


x fo 
(L) _ = * (YO) R —<X ‘fe II 
a DNC yo A) 
N 
és R 


it is not easy to see how the direct formation of a substance of this 
] constitution could take place through a condensation between a 
] quinolinium pseudo-base and a quinaldinium salt in which the 
3 3 F* 
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methyl group of the latter was concerned ; yet there is much reago; 
to believe that the production of isocyanines by the action of alkal 
on a mixture of alkyliodides of quinoline and quinaldine is dependen; 
on a reaction of this kind. If, however, it could be assumed tha; 
the tsocyanines were derived from a primary product of constitu. 
tion I (K6nig’s formula) by an intramolecular change of the type 
suggested, this difficulty would be removed. 

We have therefore investigated the question experimentally and 
have found that this type of virtual tautomerism actually exists: 
for identical eyanine dyes are formed in two processes which, in 
the absence of such an intramolecular change, should have given 
isomeric compounds, differing in the nitrogen atoms to which the 
acid radicle was attached. 

The recently described thiocyanines (this vol., p. 454), derived 
from benzothiazole, are well adapted, as regards their constitution 
and method of formation, for investigation in this manner, and we 
have employed for our experiments compounds belonging to this 
group. We have condensed (i) 5-methylbenzothiazole ethiodide 
with 1-methylbenzothiazole ethiodide (reaction A) and (ii) 1 :5- 
dimethylbenzothiazole ethiodide with benzothiazole ethiodide 
(reaction B) by heating together in pyridine solution. 


g S S g 
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3 CH+CH;C ~ )—>°%s Y UcH-c > 
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If the thiocyanines are not virtually tautomeric compounds these 
two reactions should give different products, corresponding with 
the two formule III and IV.* Careful examination showed, how- 

* If the thiocyanines were formed from an intermediate compound of the 
type CH < yp > CCH: CSG S> cH, (by loss of hydrogen iodide), the 
identity of the products of the two reactions would be explained without 
the assumption of intramolecular change; for the same intermediate com- 
pound would then be formed by both pairs of alkyliodides. The improbability 
that the condensation of the two alkyliodides should precede the elimination 


of hydrogen iodide is, however, so great that we believe that this alternative 
need not be taken into account. 
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ever, that the thiocyanines formed were identical. Not only was 
there found to be exact correspondence in the general characters, 
the melting points, the melting point of the mixture, and the solu- 
bility of the two products, but it was also found that neither would 
dissolve in the saturated solution of the other. 

Which of the formulz, ITI or IV, is to be assigned to the erystal- 
line product to which both of the reactions give rise has not been 
determined. It will evidently be the salt derived from the stronger 
of the two corresponding bases and therefore on account of the well- 
known influence of methyl groups on the strength of bases, the 
constitution IV must be regarded as the more probable. In view 
of the close correspondence in properties between the various 
classes of cyanine dyes, this demonstration of the virtual tautomerism 
of the thiocyanines can leave little doubt that the other classes 
of this group of dyes, the cyanines and carbocyanines and 
their respective isomerides, are capable of showing the same 
phenomenon. 

The tautomerism of the thiocyanines is evidently dependent on 
the association of the acid radicle in these compounds with a pair 
of nitrogen atoms connected by a chain of conjugated double 
linkings. We believe that it may safely be concluded that this 
phenomenon is not confined to the cyanine group of dyes, but will be 
exhibited by other types of ammonium salts in which these condi- 
tions recur, as, for example, the basic dyes of the triphenylmethane 
series. 

In these condensations of benzothiazole alkyliodides, brought 
about by boiling with pyridine, purple carbothiocyanines are 
formed along with the yellow thiocyanines. The composition of 
the carbothiocyanines produced in the two reactions described 
in this communication confirms the view of the origin of these com- 
pounds which has already been put forward (loc. cit.). According 
to this, the carbothiocyanine molecule contains the residues of two 
molecules of the 1-methyl-substituted benzothiazole alkyliodide 
employed in the condensation, and these are linked together (as is 
indicated by the dotted lines in formule V and VI) by a methenyl 
group produced from, or by the agency of, the other alkyliodide in 
which the 1-position is free. 

The carbothiocyanine produced in reaction A, in which 1-methyl- 
benzothiazole ethiodide and 5-methylbenzothiazole ethiodide were 
heated together in pyridine solution, was the same as that formed 
from benzothiazole ethiodide and 1-methylbenzothiazole ethiodide. 
This substance therefore clearly cannot contain a 5-methyl group ; 
the two benzothiazole nuclei which it contains are consequently 


‘both derived from the alkyliodide which contains the 1-methyl 
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group, and the substance in all probability possesses the constity. 
tion V. 


(V.) © Bane CH: CH: CH: Oe Ol 


(VI.) CH,:C ee >C: CH ‘CH: CH- Oe ey H,°CH, 


Reaction B gives rise etebe to 5 : 5’-dimethyl-2 : 2’-diethyl. 
carbothiocyanine iodide. It has already been shown (loc. cit) 
that this fact leads to the same view of the method of formation 
of the carbothiocyanines. 


EXPERIMENTAL. 


(A.) Condensation of 5-Methylbenzothiazole Ethiodide with 1-Methy). 
benzothiazole Ethiodide. 


5-Methylbenzothiazole—This base was first obtained by Hess 
(Ber., 1881, 14, 492) by heating p-aminothio-m-cresol with formic 
acid. We have prepared it by the decomposition of 5-methyl- 
benzothiazole-1-carboxylic acid, a method analogous to that by 
which Reissert (Ber., 1904, 37, 3731; 1905, 38, 3430) obtained 
benzothiazole. 

Ethyl oxatoluidate (20 grams), obtained from ethyl oxalate and 
p-toluidine (Klinger, Annalen, 1877, 184, 285), was dissolved in 
xylene (200 c.c.) and the solution boiled with phosphorus penta- 
sulphide (6 grams) for one hour. The mixture was filtered through 
glass wool to remove tarry matter, and the reddish-brown xylene 
solution extracted three times with 10 per cent. aqueous sodium 
hydroxide. On acidifying the united extracts with hydrochloric 
acid, a bright yellow, crystalline precipitate of thionoxatoluidic 
acid was obtained, which was filtered, washed with a little cold 
water, and dried in an evacuated desiccator. The yield was about 
10 grams. The acid was purified for analysis through its sodium 
salt (compare the preparation of thionoxanilic acid by Reissert, 
Ber., 1904, 37, 3712). The pure compound forms small, light yellow 
crystals, melting and decomposing at 134—135° (Found: N = 7-15. 
C,H,O,NS requires N = 7-18 per cent.). 

The oxidation of thionoxatoluidic acid by potassium ferricyanide 


HS S 
CH, ‘o- CO,H —> Oe: -CO,H 
< i WT YY 


results in the formation of a benzothiazole ring. To a solution of 
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‘B ie acid (25 grams) in 5 per cent. aqueous sodium hydroxide (400 c.c.), 


, 20 per cent. aqueous solution of potassium ferricyanide (560 c.c.) 
yas slowly added at room temperature with mechanical stirring. 
The sodium salt of 5-methylbenzothiazole-l-carboxylic acid, which 
iegan to separate almost immediately, was collected and washed 
yith a little cold water. The filtrate, containing some of the sodium 
alt in solution, was acidified with hydrochloric acid, the free carb- 
oxylic acid being precipitated as an almost colourless solid. The 
odium salt was dissolved in warm water (about 500 c.c.) and the 
olution filtered to remove a little tarry matter. On acidification 
yith hydrochloric acid, the carboxylic acid was thrown down as a 
voluminous, colourless, crystalline solid, which was filtered and 
washed with a little cold water. 

The united yield of 5-methylbenzothiazole-1-carboxylic acid was 
transferred, without further purification or drying, to a wide- 
necked flask and decomposed by warming under reflux. Frothing 
wcurred owing to liberation of carbon dioxide, and water and a 
weet-smelling oil remained. The latter was extracted with ether, 
the extract dried with anhydrous sodium carbonate, and the residue 
distilled under diminished pressure. 5-Methylbenzothiazole (11— 
12 grams) was thus obtained as an almost colourless oil of honey- 
like odour; it boiled at 249°/755 mm., and at 133°/18 mm. It 
solidified on cooling with ice and melted at 15° (Hess, loc. cit., gives 
b. p. 255°, m. p. 15°). 

5-Methylbenzothiazole ethiodide was prepared by heating equi- 
molecular quantities of the base and ethyl iodide in a sealed tube 
at 100° for eighteen hours. The crystalline mass formed was 
recrystallised from alcohol, giving colourless prisms melting at 168°, 
the yield being almost theoretical (Found: I = 41-86. Cj, gH,,NIS 
requires | = 41-64 per cent.). 

The Thiocyanine (T',).—A solution containing 5-methylbenzo- 
thiazole ethiodide (5 grams) and 1-methylbenzothiazole ethiodide 
(5 grams) in pyridine (20 c.c.) was gently boiled for seven hours. 
After keeping the deep purplish-red reaction mixture for forty 
hours in a dark place, a red, crystalline solid was found to have 
separated. This consisted of a mixture of the unchanged ethiodides 
and the thiocyanine, coloured red by the presence of a trace of the 
carbothiocyanine. It was collected and the unchanged ethiodides 
were removed by extraction with warm water. The residual 
thiocyanine (T,) was purified by repeated crystallisation from methyl 
alcohol. It forms bright yellow needles, m. p. 286° (decomp.). 
Yield 0-4 gram (Found: C=505; H=434; I= 26-3. 
Cy9H,,N,IS, requires C = 50:0; H = 4:37; I = 26-46 per cent.). 

2 : 2’-Diethylcarbothiocyanine Todide,—The pyridine filtrate con- 
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taining the carbothiocyanine was poured into about five times its 
volume of water. A dark, resinous precipitate was formed which, 
after digestion with ether, left the dye as a deep purple, amorphous 
solid. By crystallisation from methyl alcohol, the characteristic 
steel-blue prisms of 2: 2’-diethylearbothiocyanine iodide were 
obtained. Dried at 120—130°, the loss in weight was 6-31 per cent, 
(C.,H,,N,IS,,CH,°OH requires CH,-OH = 6-11 per cent.). (Found: 
I = 25-98. Calec., I = 25-81 per cent.). The melting point was 
the same as that of the carbothiocyanine prepared from benzo. 
thiazole ethiodide and 1-methylbenzothiazole ethiodide, and the 
mixture of the two preparations also melted at the same temper. 
ature. As the carbothiocyanines decompose at the melting point, 
the melting point observed depends on the rate of heating. Heated 
very slowly in the same bath, the two products and their mixture 
each melted at 260°. 


(B.) Condensation of Benzothiazole Ethiodide with 1 : 5-Dimethy/l- 
benzothiazole Ethiodide. 


This condensation has already been described by one of us (loc. 
cit.). For the present purpose, a solution of benzothiazole ethiodide 
(6 grams) and 1: 5-dimethylbenzothiazole ethiodide * (8 grams) 
in pyridine (25 c.c.) was gently boiled for seven hours. The thio- 
eyanine (T,) and the carbothiocyanine (5: 5’-dimethyl-2 : 2’-di- 
ethylearbothiocyanine iodide) were isolated and purified as described 
above. 

The thiocyanine was obtained as bright yellow needles melting 
and decomposing at 286° (Found : C = 49-76; H = 4-37; I = 26-58. 
Cale., C = 50-0; H = 4:37; I = 26-46 per cent.). 


The Identity of the Thiocyanines Produced in the Two Condensations. 


The thiocyanines produced in the two condensations are indis- 
tinguishable in appearance. The composition of each, as has been 
shown above, agrees with the formula C,)H,,N,IS,. There is also 
exact concordance in the melting points; both products, as well as 
the mixture of the two, melted and decomposed at the same temper- 
ature (286°) when heated side by side in the same apparatus. 

Finally, the identity of the two products was definitely estab- 
lished by determinations of their individual and mixed solubilities. 

Excess of the substance (0-8 gram) was stirred continuously for 
several days with methyl alcohol (100 c.c.) in a thermostat at 25°. 
From time to time about 10 c.c. of the solution were withdrawn, 


* This salt, crystallised from rectified spirit, contains water of crystallis- 
#tion and melts at 138°. The anhydrous salt melts at 163°, 
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weighed, and evaporated, and the weight of dissolved substance 
determined. The determinations gave the following results : 


Dissolved thiocyanine 
Duration of stirring (grams per 100 grams of solution). 


(hours). - , 
44 0-243 0-240 
67 0-242 0-234 
95 0-238 0-250 
119 0-239 0-242 
163 0-237 0-241 
Mean 0-240 0-242 


Saturation was thus attained within the first forty-eight hours, 
and the solubility of the two products was the same within the 
limits of experimental error. The two saturated solutions, together 
with the undissolved solid in contact with each, were then mixed 
and the stirring was continued at 25°. Five determinations of the 
amount of dissolved substance were made at intervals between 
twenty-four and forty-eight hours after mixing. The values 
obtained were 0-242, 0-237, 0-238, 0-246, 0-243, giving a mean of 
0-241 gram of dissolved thiocyanine per 100 grams of solution. 
Thus, neither of the two products T, and T, was able to dissolve 
in the mixture of their saturated solutions; they were therefore 
identical. 

For comparison, the corresponding experiment was carried out 
with methyldiethylthiocyanine iodide (T,) and a different, but very 
closely related compound, diethylthiocyanine iodide. 


Gram per 100 grams 
of solution. 


Methyldiethylthiocyanine iodide (Tj) ........s.seseee+ 0-240 
Diethylthiocyanine iodide (Ty) .......+.:seeeeeeeeeeeeeees 0-123 
Mixture of T, amd Ty ......ccecceceeeeeeeeeeeeeeeneeeeneeees 0-373 


Here, as was to be expected, the solubility of the mixture of the 
two substances was equal, approximately, to the sum of their 
individual solubilities. 


One of us (W. T. K. B.) is indebted to the Department of Scientific 
and Industrial Research for a grant for which he desires to express 
his thanks. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, June 15th, 1922.] 
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CLXXVI.—The Formation and Stability of spiro-Com- 
pounds. Part VIII. The Dieckmann-Kompy 
Reaction. 


By Frank Dickens, GeorG—E ARMAND RosBert Kon, and 
JocELYN Fretp THorPe. 


THE evidence communicated in the previous parts of this series 
shows that when two of the valencies of a carbon atom are linked 
to two single carbon atoms which are themselves otherwise free, the 
angle subtended by the four valencies may be regarded as being 
equal to the normal tetrahedral angle, that is, 109° 28’, but that 
if the two carbon atoms are not free and are included, for example, 
in a cyclohexane complex, the angle is deflected and becomes in 
this case 107° 15’. On the other hand, the inclusion of these 


C C C—C C o-G C 
No~ 100° 28°16" =| Nc 100° 46’ 13” cf Nod 107° 14 58” 
co \c c—c’% \c \o—c% Ne 


carbon atoms in a cyclopentane complex was shown in Part III 
(T., 1920, 117, 1580) to lead to experimental results which were in 
accordance with the view that the angle in this case was 109° 46’ 
and therefore differed only by a few minutes of arc from the normal 
angle. 

Still more recently (this vol., p. 1430) it has been shown that even 
although the carbon atoms are not included in a ring the angle may 
be altered by linking another carbon atom to each of the two carbon 
atoms which influence the deflection of the angle. Thus the diethyl] 
group was found to exert an influence which was, in effect, between 
that caused by the dimethyl group and cyclohexane ring. 

The evidence was based for the most part on a close study of the 
three-membered carbon ring compounds which were formed from 
the diacetic acid in each series, and it has been clearly proved that, 
in this connexion, the deflexion of the angle increases both ease of 
formation and stability, and that the order of effect is that which 
is in accordance with the alteration of the angle, namely— 


cycloPentane——gem-Dimethyl——gem- Dieth yl——-cycloHeexane. 


It follows that the methylethyl group will probably come between 
the gem-dimethyl and the gem-diethyl groups, an assumption which 
is not only borne out by the experiments described in this paper, 
but to which other experiments, shortly to be published, afford 
strong support. 


In the present paper we bring forward experimental evidence 
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shich shows that the deflexion of the angle affects the formation 
the five-membered carbon ring in a manner similar to that which 
is apparent in the cyclopropane series. The experiments have been 
arried out in the same way as that adopted in the previous series, 
yamely, a reaction leading to the formation of a five-membered 
arbon ring has been chosen and the quantity of cyclic condensation 
product formed in each of the series mentioned below, under 
precisely similar experimental conditions, has been compared. 

The reaction selected in the present instance was that originally 
jiscovered by Dieckmann (Ber., 1894, 27, 965) and by which he 
prepared derivatives of cyclopentanedione by the condensation of 
yxalic ester with an ester of a glutaric acid in the presence of sodium. 

The reaction may be represented as proceeding in either one of 
two Ways : 

(a) It may be of the “ box and lid ” type and go in one stage : 

CH,°CO,Et , OEt-CO . CH(CO,Et)-CO | 5 
(Hs<Cr7..CO, Et + rot —> CBS o(co,kt)-Go + 7BtOH- 


(b) It may occur in two stages, an oxalyl derivative being the 
intermediate product : 


(1) 


cH, <CHaCO.Et, OEtGO _, cH, <CH(CO,Et)CO non. 


CH,-CO,Et CO,Et CH,-CO,Et CO,Et 
(I) 
() 
ay __-CH(CO,Et)-CO CH(CO,Et)-CO 
H,< 2 CH, 2 EtOH. 
. CH, EtO-CO ~~ ScH(Co,Bt).co + 


In the first place it was necessary, in order to make our proposed 
comparison complete, to ascertain in which way the reaction pro- 
ceeded. It is evident that any tendency to five-carbon ring form- 
ation due to the deflection of the tetrahedral angle in the glutaric 
complex would be greater if the reaction were of type (a) than if 
it were of type (b) because in the former case the necessary alteration 
in valency direction would be borne by both carbon atoms of the 
oxalic ester group whereas, in a reaction of type (b), the whole change 
would have to be borne by a valency of one carbon atom. 

As a matter of fact the experiments show that the course of the 
reaction is that represented by (b), and, in the case of the simplest 
member, we have been able to isolate the intermediate oxalyl 
derivative (I). The discovery that this is the true course of the 
reaction enabled us, moreover, to furnish an explanation of certain 
remarkable facts which were revealed by a study of the literature, 
and which,”at first sight, seemed to conflict with the general hypo- 
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thesis forming the basis of this series of communications and which 

is given in outline on page 1496. For example, Dieckmann found 

that the greatest yield of condensation product was formed when 

ethyl glutarate was used, that a diminished yield was obtained with 

ethyl 8-methylglutarate, and that only a poor yield of product 

could be isolated when ethyl 88-dimethylglutarate was employed.* 
It will be noticed that if the angles are of the order 


H oC .. 2 
er Nee. 
HZ NS ; C7 AT 


and if the reaction is of the “‘ box and lid ” type (a), the greatest 
yield should have been given by 68-dimethylglutaric ester, in which 
the tetrahedral angle differs from the angle of the cyclopentane ring 
by some minutes of arc only. We have no reasons to doubt that 
the values given to the angles are substantially correct, and, if we 
had no experimental evidence to warrant us in doing so, we should 
have had to discard, on these grounds, the view that the reaction 
could proceed in accordance with type (a), but, as it happens, the 
proved course of the reaction provides us with an adequate ex- 
planation which brings into line with our general hypothesis the 
facts which seem to conflict with it. 

It has already been mentioned that the greatest yield of con- 
densation product is given by glutaric ester itself. It therefore 
follows that in the oxalyl derivative (I) the carbon atoms which 
are to join during the second stage of the reaction in order to form 
the five-membered ring must be nearer together than in any other 
member of the series. It follows also that this effect can only have 
been produced by the alteration of the “ normal’ angle of 115°3° 
to a value approaching that of the angle of the cyclopentane ring 
and that this result has been brought about by the presence of the 
oxaly! group on the «-carbon atom. 

What now would be the effect produced by a further deflexion 
of the angle due to the presence of gem-groupings or ring complexes ? 
The effect would obviously be to produce an overlapping in the 
positions of the two carbon atoms which are required to link in 
order to produce the five-membered ring, with the result that the 
greater the deflection the greater would be the difficulty experienced 
in closing the ring, until a stage would be reached where the possi- 
bility of this particular ring formation would cease. 

The experiments described in this paper support the hypothesis 


* Komppa (Annalen, 1909, 368, 137) materially increased this yield by 
using @ more strongly enforcing reaction. Komppa’s modification of the 
Dieckmann reaction was used by us throughout, 
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mentioned above, for it is found that as the angle decreases the 
yield of cyclopentanedione decreases, a fact which is clearly shown 
by the following table : 


Yield of cyclo- 


Oxalic ester with ester of | ‘‘ Normal ” angle. pentanedione. 
I GIN iecdcccnnscccecaccces 115°3° ** Reichlich ” 80 per cent.* 
g-Methylglutaric acid ......... 112-5° ‘** Almost quantitative.” * 
cycloPentanediacetic acid...... 109°5° 60-70 per cent. 
g8-Dimethylglutaric acid... 109°3° 66 per cent.T 
g8-Methylethylglutaric acid —ft 20 per cent. 
g8-Diethylglutaric acid ...... = Nil. 
cycloHexanediacetic acid ...... 107°2° Nil. 

* Dieckmann. + Komppa, also confirmed by us. 


t We have no means, at present, of determining the influence of the ethyl 


group. 


This assumption implies that, in a series such as that given above, 
the carbon atoms which join to form the five-membered ring have 
reached positions of closest proximity in the oxalyl derivative of 
the unsubstituted glutaric series, and that in the successive members, 
the distance between these two carbon atoms increases through 
overlapping. There are several experimental facts which support 
this view, but perhaps the most striking are those supplied by the 
investigations of Staudinger (Ber., 1911, 44, 521) on the polymeris- 
ation of the ketens, which are summarised in the following table : 


<— Decreasing stability < 
HSc:co Me>:00 Me>C:CO 


oc edt Socios 5G. SG. 


<—— Decreasing stability < 


— —— Ph~_,.. 
C0, Et C09 phoc:CO 
zs Ph CO Ph 
CO, 0< 0>c<¢o, Et Pho C<¢97C< ph, 
Equal stability Decreasing stability 


It will be noticed that the stability of the cyclobutane ring reaches 
a maximum in the dimethyl] series and thereafter declines—a clear 
example of the effect of overlapping. 

There are, moreover, certain other facts which arise from our 
experiments which can be adequately interpreted only on the 
assumption that overlapping of the kind postulated actually occurs. 
It will, for example, be realised that the increasing deflexion of the 
angle which leads to the increasing separation of the two carbon 
atoms required for five-membered ring formation must tend to bring 


1500 DICKENS, KON, AND THORPE: THE FORMATION AND 


the two carbon atoms required for four-ring formation closer 
together. If, therefore, the compounud under investigation is one 
which can Jend itself equally well to four- or five-carbon ring pro. 
duction, it is to be expected that in those cases where the over. 
lapping has separated the carbon atoms required for five-ring 
formation to a distance which prevents the reagent used from 
joining them, as, for example, in the diethylglutarate and cyclo. 
hexanediacetate series, evidence might be found showing that 
some, at any rate, of the four-carbon ring compound had been 
formed. As a matter of fact, the oxalyl derivative is a compound 
of the type described, for not only can it be transformed into 
the five-membered ring as shown on page 1497, but it can also be 
converted into a four-membered ring as indicated below : 


CO-CO,Et CO-CO,Et 
CH-CO,Et CHyco 22 
E>C<cu CO,Et BOS car CO, Et 
Et, ,.-CHe>co |, O + CO, + EtOH 
Mt) Et?<cH-Go,Et * © 


Oxalyl derivatives of this kind are, as is well known, readily hydro- 
lysed and then pass into the monocarboxylic ester in the manner 
shown. 

It is therefore to be expected that if any of the four-ring derivative 
is formed in the diethylglutarate and cyclohexanediacetate con- 
densations, it will be found as the ester of the keto-monocarboxylic 
acid in the steam distillate. 

Our experiments on this point are conclusive in so far as they show 
that a small quantity of the diethyl-keto-ester (II) is produced in 
the condensation of methyl 68-diethylglutarate and methyl oxalate 
by the Komppa modification of Dieckmann’s reaction, but, un- 
fortunately, all attempts to isolate a similar compound in the 
cyclohexanediacetate series, which should, theoretically, give a larger 
yield of the cyclobutane derivative, were unsuccessful. When it is 
remembered, however, that the experimental difficulties which arise 
in the cyclohexanediacetate series are very much greater than those 
which have to be surmounted in the diethylglutarate series, owing, 
for example, to the less volatile character of the products formed, 
it is easy to understand how the small quantity of cyclobutane 
derivative which should have been produced could have been lost 
among the mass of uncrystallisable gum and resin which is the 
actual product of the interaction of methyl cyclohexanediacetate and 
methyl oxalate in the presence of sodium methoxide. We do not 
think, therefore, that too much stress should be laid on this one 
weak spot in our chain of evidence. 


Closer 


S one 
; pro- 
Over. 
-Ting 
from 
yclo. 
that 
been 
und 

into 

J be 


STABILITY OF SPIRO-COMPOUNDS. PART VIII. 1501 


During our experiments with the ester of cyclohexanediacetic 
acid we noticed that the condensation with oxalic ester led to the 
formation of very small quantities of the mono-ketone (III) and of 


the diketone (IV). 


CH,-CH,\,,-CH,x, 1c CHyCHay, 9p CH 90 
CHs< on CH. SCH O . OHLCHD <cH,-60 
(III.) (IV.) 


These compounds have been prepared by Kon (this vol., p. 520) 
by the action of metallic potassium on ethyl cyclohexanediacetate, 
and it seemed to us likely that they might have been formed in our 
reaction in a similar manner, the oxalic ester having played no 
part in their production. This was proved to be the case, because 
an experiment carried out without oxalic ester was found to yield 
the same small quantities of the two ketones. 

It is evident that it will be necessary, in order fully to establish 
the views advanced in this paper, to isolate the oxalyl derivative of 
each member of the series and to study the conditions under which 
they are transformed either into the four- or into the five-membered 
carbon ring. ‘These experiments are now in hand and will form the 
subject of another communication. 


EXPERIMENTAL. 


Condensation of Ethyl Glutarate and Ethyl Oxalate. 

The pasty mass formed, with evolution of heat, from ethyl oxalate 
(21-9 grams) and sodium ethoxide (prepared from 3-5 grams of 
sodium), was dissolved in dry ether (90 c.c.) and ethyl glutarate 
(28-2 grams) added with vigorous shaking. The mixture, having 
been gently boiled under reflux for twenty-four hours, was cooled 
with ice, and the yellow precipitate of sodium derivatives was 
collected, washed with ether, and decomposed with ice-cold, dilute 
sulphuric acid. The pale yellow oil produced, isolated by means 
of ether, weighed 18 grams. This oil contained about 50 per cent. 
of ethyl hydrogen glutarate; the remainder consisted of approxi- 
mately equal weights of the oxalyl derivative (I) and ethyl cyclo- 
pentane-3 : 4-dione-2 : 5-dicarboxylate, the latter crystallising on 
keeping. 

The oxalyl derivative was isolated in the form of its semicarbazone, 
which crystallises from alcohol as colourless needles melting at 
130° (Found: C = 48:89; H=6-94; N= 12-16. C,,H,3,0,N; 
requires C = 48-70; H = 6-72; N = 12-17 per cent.). 

On distillation, the oxalyl derivative decomposed quantitatively 
into carbon mogoxide and ethyl propane-a«yy-tricarboxylate, a 
colourless oil boiling at 184°/26 mm. (compare Ber., 1891, 24, 282) 
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(Found: C= 55:35; H=7-87. Cale, C = 55-35; H = 7-75 
per cent.). The ester was readily hydrolysed by Bischoff’s method 
(Annalen, 1882, 214, 40) to propane-xyy-tricarboxylic acid, small, 
colourless prisms melting at 123° after crystallisation from ether 
and petroleum (Found: C = 40-86; H = 4:67. C,H,O, requires 
C = 40-91; H = 4-58 per cent.). The acid evolves carbon dioxide 
on heating above its melting point, and the residue consists of 
glutaric acid, identified by direct comparison with a genuine 
specimen. 


The Komppa Reaction. 


The condensation of methyl oxalate with the esters investigated 
was carried out exactly as described by Komppa (loc. cit., p. 137). 
After acidification with ice-cold, dilute sulphuric acid, the treatment 
varied according to the nature of the product, which, in the case of 
methyl 68-dimethylglutarate and methy] cyclopentane-1 : 1-diacetate, 
was quite solid; whereas in the other cases investigated it was of an 
oily nature and therefore was isolated by extraction with ether. 

Methyl cycloPentane-1 : 1-diacetate.—This ester is a colourless oil 
boiling at 162°/15 mm. (Found: C = 61-41; H = 8-62. C,,H,,0, 
requires C = 61-63; H = 8-50 per cent.). 

The crude condensation product obtained from 18 grams of the 
ester weighed 12 grams (60 per cent. yield), melted at about 125— 
130°, and was readily purified by crystallisation from alcohol. 

Methyl cyclopentanespirocyclopentane-3 : 4-dione-2 : 5-dicarboxyl- 
H,°CH, CH(CO,Me): 
H, ‘CH *>C< o(C0,Me) 
needles, melting at 138-5°, from benzene, ether, or dilute methyl 
alcohol. Like those of other similar ketonic esters, its alcoholic 
solution gives an intense port-wine coloration with ferric chloride ; 
the ester dissolves in aqueous sodium hydrogen carbonate with 
effervescence (Found: C = 58-03; H = 6-14. C,3H,,0, requires 
C = 58-18; H = 6-02 per cent.). 

CH(CO,Me)-C:N 

The quinoxaline derivative, C,H,>C< CH(CO,Me)s CON >C, Hy, 
was easily prepared by evaporating an alcoholic solution containing 
the calculated quantities of the diketonic ester and o-phenylene- 
diamine. The oily residue solidified and was recrystallised from 
methyl alcohol, forming minute, primrose-yellow prisms melting 
at 215—216°. The substance is sparingly soluble in alcohol, giving 
a yellow solution with a green fluorescence (compare Dieckmann, 
Ber., 1902, 35, 3208) (Found : C = 67-02; H = 6-15. Cy gH 0,N2 
requires C = 67-00; H = 5-94 per cent.). 

The diketonic ester was readily hydrolysed on 2 boiling for two 
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hours with an excess of 20 per cent. sulphuric acid. The brown 
oil obtained solidified on cooling, and after pressing on porous tile, 
the substance was crystallised from aqueous alcohol, forming 
beautiful, silvery plates melting at about 106°. A second crystallis- 
ation from light petroleum (b. p. 40—50°) raised the melting point 
to 110—111°, and the substance was shown to be identical with the 
cyclopentanespirocyclopentane-3 : 4-dione described by Kon (loc. cit., 
p. 526) by direct comparison and by analysis (Found : C = 70-98; 
H=8-10. Cale., C = 71-00; H = 7-96 per cent.). 

The quinoxaline derivative was also prepared and was identical 
with that described by Kon (loc. cit.), melting at 95—96°. 

Methyl -Methyl-8-ethylglutarate.—This ester boils at 128°/19 mm. 
(Found: C= 59:10; H = 8-98. C, 9H,,0, requires C = 59-37; 
H = 9-00 per cent.). 

Fourteen grams of the ester were used for each condensation. 
The product, which partly solidified after contact with ice-cold 
dilute sulphuric acid for several hours, was pressed on a porous tile 
and washed with a little benzene, when a nearly colourless solid 
remained. A small additional quantity could be obtained by 
extracting the tile with ether. The best yield was 3 grams of crude 
substance (19 per cent.). 

Methyl 1-methyl-1-ethyleyclopentane-3 : 4-dione-2 : 5-dicarboxylate, 
ae cee forms short, thick, colourless needles, 
melting at 126° after crystallisation from dilute methyl alcohol. 
It closely resembles methyl diketoapocamphorate, and gives a 
strong red coloration with alcoholic ferric chloride; it is soluble in 
aqueous sodium hydrogen carbonate (Found : C = 56-20; H = 6-52. 
CoH, 0, requires C = 56-26; H = 6-30 per cent.). 

The quinowaline derivative, although evidently formed, as shown 
by the green fluorescence of the alcoholic solution, when the diketonic 
ester was treated with o-phenylenediamine, could not be isolated 
in a pure condition. 

The semicarbazone, after crystallisation from alcohol, in which it 
is easily soluble, melts at 177° with decomposition. 

The diketonic ester was hydrolysed by boiling for two hours with 
an excess of 20 per cent. sulphuric acid, and the diketone formed 
was isolated by distillation in steam. The distillate was saturated 
with ammonium sulphate and extracted with ether. On removing 
the ether, the diketone was obtained as a pale yellow oil which 
immediately solidified on cooling. 

1-Methyl-1-ethyleyclopentane-3 : 4-dione crystallises from light 
petroleum in slender, colourless needles melting at 63°; its alcoholic 
solution gives an intense port-wine coloration with aqueous ferric 
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chloride. It is soluble in sodium hydrogen carbonate solution 
(Found: C= 68-89; H = 8-78. C,H,,0, requires C = 68-53; 
H = 8-64 per cent.). A solid quinoxaline derivative could not be 
prepared. 

The disemicarbazone, prepared in the usual way, was purified by 
boiling with a large volume of alcohol, in which it is only very 
slightly soluble. It is a microcrystalline powder, melting with 
decomposition at 240° (Found : C = 46-90; H = 7-19. C,9H,,0,N, 
requires C = 47-22; H = 7-16 per cent.). 

The residue remaining in the flask after the hydrolysis of the 
diketonic ester deposited 4 grams of crude 8-methyl-f-ethylglutaric 
acid, which was identified in the usual way. 

Methyl 88-Diethylglutarate—This ester boils at 131°/16 mm. 
(Found: C = 60-80; H = 9-28. C,,H.)0, requires C = 61-05; 
H = 9-34 per cent.). 

Fifteen grams of the ester were employed in each experiment. 
On adding the reaction-mixture to ice-cold, dilute sulphuric acid, 
a dark brown oil separated which did not solidify after several 
hours. The oil was therefore taken up in ether, the extract washed 
with water, dried, and evaporated, 11—15 grams of a dark brown 
oil remaining. This was distilled in steam, when 2—3 grams of a 
pale yellow oil, having a camphor-like odour, passed over. The 
oil gave an intense red coloration with ferric chloride, but it showed 
no sign of solidification and was therefore treated with semicarbazide. 
A small quantity of a very sparingly soluble semicarbazone was 
first precipitated, melting with vigorous decomposition at 241° after 
purification by extraction with hot alcohol. This was identical 
with the disemicarbazone described on page 1506. The mother- 
liquor was diluted, when another substance gradually separated. 
This was found to be readily soluble in hot alcohol, and crystallised 
in colourless, feathery crystals melting at 166° without decomposi- 
tion. Analysis showed it to be the semicarbazone of methyl 1 : 1- 
diethyleyclobutane-3-one-2-carboxylate (II) (Found: C= 55-05; 
H = 8-11; N = 17-84. C,,H,,0,N; requires C = 54-75; H = 7-96; 
N = 17-42 per cent.). 

The liquid which remained after steam-distillation was boiled for 
two hours with an excess of 20 per cent. sulphuric acid, and again 
distilled in steam. In this way 0-7 gram of a pale yellow oil was 
obtained. This oil was also enolic and on treatment with semi- 
carbazide gave a small quantity of the disemicarbazone melting 
at 241° described above. 

The residue from the steam-distillation consisted of crude 
68-diethylglutaric acid, which separated on cooling, and weighed 
7—8 grams. 
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Methyl cycloHexane-1 : 1-diacetate—This ester is a colourless 
jquid boiling at 164°/26 mm. (Found: C = 62:92; H = 8-88; 
(pH requires C = 63-11; H = 8-85 per cent.). 

Nineteen grams of the ester were used for each condensation. It 
yas not found possible to isolate a diketonic ester from the reaction 
mixture, which consisted almost entirely of cyclohexane-1 : 1- 
jiacetic acid. The crude product, however, gave a coloration with 
aeoholic ferric chloride and therefore contained a little enolic 
substance, which was isolated by distillation in a current of steam. 
the distillate was saturated with ammonium sulphate and extracted 
with ether. After removal of the ether with the aid of a column, 
the residue weighed about 1 gram, and consisted of cyclohexane- 
wirocyclopentane-3 : 4-dione (IV) (Kon, loc. cit., p. 522) together 
vith a trace of cyclohexanespirocyclobutane-3-one (III) (ibid., 
». 520), as shown by the formation of the corresponding semi- 
arbazones. The presence of the diketone was further established 
by preparing the characteristic quinoxaline derivative with 
»phenylenediamine. After crystallisation from dilute alcohol, this 
eparated in buff-coloured needles melting at 99—100° and was 
proved to be identical with the quinoxaline derivative of cyclo- 
hexanespirocyclopentane-3 : 4-dione prepared by Kon (loc. cit.), by 
direct comparison with the original specimen. 

The residue in the flask after steam-distillation deposited on 
woling 14-5 grams of cyclohexane-1 : 1-diacetic acid (corresponding 
to 16-5 grams of ester used or 87 per cent.). 

An alternative method which was also employed, was to extract 
the ethereal solution of the crude reaction product with sodium 
hydrogen carbonate solution. In this way, the acid together with 
sme acid ester was recovered and the diketone remained in the 
ethereal solution. 

An experiment carried out under precisely similar conditions, 
without the addition of methyl oxalate, gave the same products in 
comparable yield. 


Action of Potassium on Methyl ®8-Diethylglutarate. 


The procedure described in Part VII of this series (this vol., 
p. 518) was followed, using 65 grams of ester. The products were : 
48-diethylglutaric acid and its acid ester, 8 grams; portion not 
extracted by sodium hydrogen carbonate solution, 43 grams (after 
removal of the xylene). On distillation under diminished pressure, 
the latter gave a large fraction (15 grams) boiling at 125—130°/ 
18 mm., which was strongly enolic, giving an intense port-wine 
coloration with alcoholic ferric chloride. It was therefore treated 
with semicarbazide (12 grams) dissolved in sodium acetate solution. 
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The  disemicarbazone of 1: 1-diethylcyclopentane-3 : 4-dione, 
C,H; CH,°C:N-NH-CO-NH, : , ss 
oH CS CH,-C:N-NH-CO-NH,’ was obtained as a microcrystalline, 
white deposit after a few hours, and more was precipitated on 
dilution with water, the total yield being 7 to 8 grams. The 
disemicarbazone is best purified by boiling with alcohol, in which 
it is very sparingly soluble; after purification, it melts at 241° 
with vigorous decomposition (Found: C= 49-41; H = 7-84. 
C,H 0,N, requires C = 49-22; H = 7-53 percent.). The diketone 
can be regenerated from the disemicarbazone by distillation with 
10 per cent. aqueous sulphuric acid and forms a pale yellow oil 
boiling at 245°. It could not be induced to solidify and therefore 
was analysed without further purification (Found: C = 69-42; 
H = 9-23. C,H,,0, requires C = 70-08; H = 9-15 per cent.). 

The acid liquid remaining after regeneration of the diketone 
deposited a solid which crystallised from alcohol in buff needles, 
melting at 223°. This was doubtless a triazine of the type obtained 
by Kon (loc. cit., p. 522). 

A very small amount of a soluble semicarbazone, melting at 166° 
after recrystallisation from alcohol, was slowly deposited after 
dilution of the mother-liquor, when the disemicarbazone had been 
completely precipitated. This was identical with the semicarb- 
azone described on page 1504, showing that a minute quantity of 
methyl 1 : 1-diethylcyclobutane-3-one-2-carboxylate (II) was formed 
during this reaction. 


In conclusion, our thanks are due to the Chemical Society for a 
grant which has partly defrayed the cost of the materials used in 
these experiments. 


Tue IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, June 15th, 1922.] 


CLXXVII.—2 : 8-T'etramethyldiaminoacridine. 


By KisHort Lat Movupcit1. 


THE following experiments were undertaken with a view to prepare 
2 : 8-tetramethyldiaminoacridine, using dimethylaniline as_ the 
starting material. For the preparation of the intermediate com- 
pound, 2: 2’-diamino-4 : 4’-tetramethyldiaminodiphenylmethane, 
from dimethylaniline by nitration, reduction, and condensation 
with formaldehyde, three series of experiments were undertaken, 
each differing from the others in the order in which the above 
reactions were carried out. The scheme is outlined below. The 
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best results were obtained in the third series, which alone will be 
described. 
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EXPERIMENTAL 


Nitration of 4 : 4'-Tetramethyldiaminodiphenylmethane.—Ullmann 
and Marie used potassium nitrate in carrying out this nitration 
 (Ber., 1901, 34, 4315). Attempts were made to substitute sodium 
nitrate, but without success. However, the following interesting 
method of preparing 3 : 3’-dinitro-4 : 4’-tetramethyldiaminodiphenyl- 

methane was discovered. 
A saturated solution of sodium nitrate (68 grams) in water 


(60 c.c.) was treated with 300 grams of concentrated sulphuric 
acid, and the mixture obtained was used to nitrate 100 grams of 
4: 4’-tetramethyldiaminodiphenylmethane dissolved in 200 grams 
of concentrated sulphuric acid, the reaction being controlled with 
the aid of a freezing mixture. On adding sodium hydroxide, a red 
compound was obtained. It was crystallised from glacial acetic 
acid, and melted at 124°, alone or mixed with 3 : 3’-dinitro-4 : 4’- 
tetramethyldiaminodiphenylmethane prepared by another method. 
The yield was 81 per cent. (Found : C = 59°0; H = 5:9. C,,H,,0,N, 
requires C = 59°2; H = 5°'8 per cent.). 

The required 2: 2’-dinitro-4 : 4’-tetramethyldiaminodiphenyl- 
methane was prepared by nitrating 4 : 4’-tetramethyldiaminodi- 
phenylmethane with nitric acid (Pinnow, Ber., 1899, 27, 3162). 

Reduction of 2: 2'-Dinitro-4 : 4'-tetramethyldiaminodiphenylmeth- 
ane.—All the commoner methods of reduction were tried. The 


NMe, 
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best results were obtained with tin and hydrochloric acid. The 
nitro-compound (10 grams) was dissolved by heating with 240 c.¢, 
of dilute hydrochloric acid containing 75 c.c. of the concentrated 
acid. The solution was cooled, and tin added gradually, the 
temperature being kept below 60°. The reduction was completed 
on a boiling-water bath, the solubility in glacial acetic acid of the 
precipitate given by the reaction mixture with sodium hydroxide 
being taken as a criterion of complete reaction. The unchanged 
tin was filtered off, the tin in solution precipitated by hydrogen 
sulphide, and excess of sodium hydroxide added to the clear filtrate. 
A 42 per cent. yield of yellow leaflets, m. p. 142°, was obtained after 
crystallisation of the base from rectified spirit. 

2 : 8-T'etramethyldiaminoacridine.—Ammonia was eliminated from 
the preceding compound by heating with dilute hydrochloric acid, 
and a dihydro-derivative of the above compound obtained. Boehr- 
inger (J. pr. Chem., 1896, [ii], 54, 244) recommends the oxidation 
of the dihydro-compound either by passing air through the acid 
solution or by the addition of ferric chloride. Both these methods 
were tried and found unsatisfactory. After either of these treat- 
ments the acid solution was made alkaline with sodium hydroxide, 
and the orange precipitate dried. Attempts were made to crystallise 
it, but without success. Once or twice very small yields of light, 
yellow flakes were obtained, but generally a tarry oil was deposited 
on cooling a hot solution of the compound. The melting point 
of the substance was 174—176°. A sufficiently pure specimen for 
analysis could not be obtained. 

The following method of isolating the acridine compound proved 
more successful. The acid solution was poured into water and 
solutions in water of zinc chloride (1 part) and ferric chloride (2 parts) 
were added. On standing, crystals of the zinc salt of the base 
separated out. These were filtered, redissolved in water, and 
excess of sodium hydroxide added, when the precipitated zinc 
hydroxide almost redissolved. The mixture was extracted with 
benzene and the base recovered. After recrystallisation from 
benzene it melted at 181° (Found: C = 776; H = 7:2. C,,H)N; 
requires C = 77°3; H = 7:1 per cent.). 

A mixture of the two compounds, m. p. 174° and 181°, re- 
spectively, was found to melt at 130—141°. This points to the 
two compounds being different. They both give fluorescent 
solutions in alcohol or other solvent, and dissolve in hydrochloric 
acid with a deep red colour, which turns orange on dilution. ‘So 
far, the compound melting at 174° has not been identified. 


The author’s thanks are due to Professor Sir William Pope, 


e, 
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F.R.S., by whom the investigation was suggested, and to Dr. 
¢. 8S. Gibson for their help and guidance. 


H.H. Toe Manarasa’s COLLEGE, 
TRIVANDRUM, INDIA. (Received, December 12th, 1921.] 


CLXXVIII.—Brominated isoCyanines. 
By Kisnort Lat Movupeci.. 


THE isocyanines were discovered by Hoogewerff and van Dorp, and 
independently by Spalteholz, in 1883, but their use as sensitisers 
was first recognised by Miethe twenty years later (Chem. Ind., 
1903, 26, 54). Since then the firm of Meister, Lucius, & Briining 
have put them on the market under the trade names of pina- 
verdol * and pinacyanol,} for making panchromatic plates. Pina- 
verdol is synthesised by boiling an alcoholic solution of quinoline 
methiodide and quinaldine methiodide with sodium ethoxide; 
and pinacyanol by condensing quinaldine ethiodide (2 mols.) with 
formaldehyde with the aid of sodium ethoxide. The constitution 
of these compounds has been discussed by Mills and Wishart (T., 
1920, 117, 579) and by Otto Fischer (J. pr. Chem., 1918, [ii], 98, 
204). 

The present work was undertaken with a view to study the 
modifications in sensitiveness brought about by the introduction 
of an atom of bromine in the benzene ring of the quinaldine nucleus 
of pinaverdol and pinacyanol. As is obvious, four isomerides, 
with bromine in the 5-, 6-, 7-, or 8-position, may be obtained. Of 
these the 6- and 8-bromoquinaldines may be prepared by con- 
densing p-bromoaniline and o-bromoaniline, respectively, with 
acetaldehyde. When condensations are made with acetaldehyde 
and m-bromoaniline, two bromoquinaldines may evidently be 
obtained, the bromine atom in the meta-position with respect to 
the amino-group in the primary base occupying the 5- or the 
7-position in the bromoquinaldine. . 

6-Bromoquinaldine has been prepared by Batrow and Mac- 
Cullum, but they omit to give their yields (J. Amer. Chem. Soc., 
1904, 26, 704). Since preparation by their method gave poor 
yields, it was modified, and relatively larger yields were obtained. 
Of the two isomerides to which m-bromoaniline may give rise on 
condensation with acetaldehyde, only one has been isolated. The 
position of the bromine atom has been left undetermined for the 
present. 

* 1: 1’-Dimethylisocyanine iodide. 
{ 1: 1’-Diethylazurine iodide. 
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It is believed that, on account of steric hindrance, 8-bromo. 
quinaldine would not give its alkyliodide readily; moreover, 
8-substituted quinaldines give a very small yield of the sensitiser 
(D.R.-P. 167159, 167770; Hamer, T., 1921, 119, 1432). There. 
fore no attempt has been made to prepare the dyes from this 
compound. 

The relative sensitising effect of the different dyes was ascertained 
by photographing at the ordinary temperature the spectrum of a 
point of light on a “rapid” plate which had been immersed in a 
solution of one part of the sensitiser in 75,000 parts of 35 per cent. 
alcohol. 


EXPERIMENTAL. 


6-Bromo-1 : 1'-dimethylisocyanine Iodide——To a mixture of 117 
grams of 6-bromoquinaldine methiodide and 17:4 grams of quinoline 
methiodide dissolved in 300 c.c. of boiling absolute alcohol a hot 
solution of 0°83 gram of sodium in absolute alcohol was added. 
The mixture having been boiled for fifteen minutes, 1 c.c. of glacial 
acetic acid was added to the product, and on the next day the solid 
which had been deposited was collected and extracted with methyl 
alcohol, 100 c.c. at a time, until the residue showed a metallic lustre. 
This was recrystallised twice from methyl alcohol. Only 0-1 gram 
of green crystals was obtained. 

This method of preparation was tried five times, with slight 
modifications, but only mere traces of the compound could be 
obtained. An analysis could not be attempted, but the spectro- 
graph indicated that the compound possessed sensitising properties. 

Another method was tried. Equal weights of the two meth- 
iodides were heated together in ten times their weight of pyridine 
for eight hours, when a crimson solution was obtained, which, on 
cooling, deposited golden-brown needles, very sparingly soluble in 
common organic solvents. The compound may be an “ apocyanine.” 

6 : 6’-Dibromo-1 : 1'-diethylazurine TIodide-—To 95 grams of 
quinoline ethiodide and 12°6 grams of 6-bromoquinaldine ethiodide 
dissolved in 300 c.c. of boiling rectified spirit, 7 c.c. of formaldehyde 
solution containing 38 grams per 100 c.c. were rapidly added, 
followed by a hot solution of 0°92 gram of sodium in 50 c.c. of 
rectified spirit. The mixture was boiled for fifteen minutes, and 
the solid that separated was filtered from the red mother-liquor 
after twelve hours, and extracted with rectified spirit, 100 c.c. at 
a time, until the extract was coloured blue. An attempt was 
made to crystallise the solid from methyl alcohol, but it was too 
sparingly soluble, and in order to obtain the pure product 
the solid was extracted with methyl alcohol in a Soxhlet apparatus 
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during six weeks, when 1-1 grams of green crystals were ob- 
tained (Found: in material dried at 140°, AgI + AgBr = 95°8. 
(,;H,;N.Br,I requires Agl + AgBr = 95°5 per cent.). 

5:5’ (or 7: 7')-Dibromo-1 : 1'-diethylazurine Iodide—The pina- 
eyanol derived from the bromoquinaldine obtained from m-bromo- 
aniline was prepared in the same way as 6 : 6’-dibromo-1 : 1’-diethyl- 
azurine iodide. The green compound that separated from the 
reaction mixture was recrystallised from methyl alcohol without 
its having to be extracted from any red impurity. It was found 
to be more soluble than its isomeride (Found : AgI + AgBr = 95°6. 


(,;H,;N2BraI requires AgI + AgBr = 95°5 per cent.). 


Conclusions. 
(a) Comparison by the photographic method of pinacyanol 
and its 6:6’- and 5:5’(or 7:7’)-dibromo-derivatives shows that 
the introduction of the halogen has considerably depressed the 


sensitiveness. 
(b) There has been a shift of sensitiveness towards the red end 


of the spectrum (compare Hamer, loc. cit.). 


The investigation was suggested by Dr. W. H. Mills, whom 1 
wish to thank for constant help and guidance. My thanks are also 
due to Sir William Pope for permission to publish the results. 


H.H. THe ManaraJa’s COLLEGE, 


TRIVANDRUM, INDIA. [Received, March 29th, 1922.] 


CLXXIX.—The Viscosity of Cellulose in Cuprammonium 
Hydroxide Solution. Part I. The Determination 


of the Viscosity. 
By RecinaLp ARTHUR JOYNER. 


Ix all technical work connected with cellulose an accurate determin- 
ation of its viscosity in cuprammonium hydroxide (Schweitzer’s 
reagent) is of importance, for it is largely the viscosity of the cellulose 
which determines the viscosity figure of solutions of the nitro- 
cellulose or acetylcellulose made therefrom. If, for example, a 
nitrocellulose is required which will dissolve in acetone to give a high 
viscosity, a cellulose must be taken which will give a high viscosity 
in Schweitzer’s reagent. 

The determination of the viscosity of cellulose presents several 
difficulties, the chief one being due to the rapid action of oxygen 
on the solution, resulting in a lowering of the viscosity. These 
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difficulties were recognised by Gibson, Spencer, and McCall (T., 1929, 
117, 484) and a method was developed of dissolving the cellulose 
in the reagent so that the effect of the oxygen could only be a smal 
one, whilst their method of using the falling-sphere viscometer 
greatly simplified the actual determination of the viscosity. As, 
however, widely varying results were sometimes obtained with one 
and the same cotton by the above method, the whole question of 
the viscosity of the cellulose in cuprammonium hydroxide was 
re-investigated. A modification in making up the cellulose solutions 
was developed, a different method for the preparation of the 
Schweitzer reagent being used, and the effect on the viscosity of 
varying the concentration of the cellulose, the copper, and the 
ammonia was investigated. The cellulose used in this work was 
cotton sliver which had been kiered with 3 per cent. sodium hydroxide 
for a length of time depending on the viscosity required. The 
viscosity throughout is given in seconds for a fall of a 1/16” diameter 
steel ball through 15 cm. of a solution in a tube of 1-0 cm. diameter 
at a temperature of 20°. To obtain the absolute viscosity, the 
time in seconds is multiplied by 0-52. 


Method for the Preparation of the Cuprammonium Solutions. 


The method adopted for the preparation of the cuprammonium 
solutions was not that used in the above-mentioned paper, but the 
solutions were simply made by bubbling air through a mixture of 
copper turnings and strong ammonia. This procedure requires no 
attention, and concentrated solutions containing more than 30 
grams of copper per litre can be obtained. The copper must be 
clean, and it was found that the addition of a small amount of 
sucrose, about 1 gram per litre, hastened the dissolution of the 
copper. 

The effect of the addition of substances such as sucrose on 
cuprammonium hydroxide has been investigated by W. Traube 
(Ber., 1921, 54, [B], 3220). He found that a solution of ammonia 
saturated with copper hydroxide took up more copper hydroxide 
on the addition of glycerol, sucrose, etc. The concentration of 
sucrose used here was only about 1/50th that used by Traube, and 
any extra copper dissolved owing to combination with sugar would 
not be available in dissolving cellulose. It seemed probable that 
with sucrose the copper remained cleaner than without it, and 
therefore permitted the reaction to go forward. It was found that 
after standing for four weeks, a solution containing 25-6 grams of 
copper with a little sucrose was unaltered, whilst the copper content 
of the one without sucrose fell to 20 grams per litre. A solution 
containing 36 grams of copper per litre remained unaltered for three 
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weeks, and owing to its high copper content dissolved as much as 
99 grams of cellulose per litre. The estimation of the copper in 
these solutions is simply carried out by evaporating a definite 
yolume to dryness and weighing the copper oxide left. The ammonia 
is estimated in the usual way, and then the solution can be made up 
to the desired concentration of copper and ammonia. 

The cuprammonium solution made by the above method contains 
a certain amount of nitrite. The best way of estimating this nitrite 
was to add the solution slowly to a definite volume of standard per- 
manganate, strongly acidified, until the colour of the permanganate 
disappeared. By the above method it was found that the amount 
of nitrite in a freshly prepared solution was about 1 gram per litre 
calculated as nitrous acid. Solutions of cuprammonium hydroxide 
combine slowly with oxygen on standing, whilst when shaken with 
oxygen the reaction is much faster. With a solution containing 
13 grams of copper per litre the amount of nitrite ultimately found 
was 4-4 grams calculated as nitrous acid, whilst the concentration 
of nitrite rose to 10 grams per litre with a solution containing a 
high concentration of copper. 

It was found that cuprammonium solutions made by the above 
method gave practically the same viscosities with cottons of widely 
varying viscosities as the solutions made by dissolving well-washed 
copper hydroxide in ammonia. 


Method of Dissolving the Cellulose and Filling the Viscosity 
Tubes. 


Viscosity measurements of low or medium viscosity cottons, by 
the method developed by Gibson, Spencer, and McCall, give 
satisfactory results, but solutions of high viscosity cottons gave 
trouble, especially in the filling of the viscosity tubes. At the 
same time their method has obvious disadvantages, for air has to 
be admitted to the solution before the viscosity is determined, and 
on inverting the bottle the air passes through the solution. This 
has two disadvantages. Some of the air obviously must react 
with the cotton, and when the solution is very viscous it is not easy 
to get the solution into the tubes free from bubbles. These bubbles 
gradually move up the viscosity tube, and on many occasions it 
was evident that part of the solution through which the bubble had 
travelled was less viscous than the other part. The method of 
making up the solutions and the filling of the tubes were therefore 
modified in the following manner. Instead of using an ordinary 
bottle for making up the solution, a glass tube (B, Fig. 1), 10 cm. 
long and 5 cm. wide, drawn out at each end to a narrow tube 
0-7 em. wide and 3 cm. long, is used. The correct weight of cotton 
3a 
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is pushed down.one of the ends into the bottle, pieces of rubber 


. ; In 
tubing about 6 cm. long, with screw clips, are slipped over the end is 001 
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the bottle B to be connected either with the vacuum or with a 
supply of compressed air or any other gas. Between this tap and the 
screw clip F there is a side tube connecting with A, the reservoir for 
the cuprammonium solution, which is closed by a single-way tap, H. 
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rubber Tn making up a solution, the vessel B which contains the cotton 
the end js connected with the filling apparatus, the screw clip being shut. 
s to thell pis evacuated and JZ is turned off, so that by opening // the solution 
allows in A is allowed to enter B. H is closed and £ opened and shut 
three times to get all the air out of the cotton. The screw clip F 
——— fj; shut and the vessel B is disconnected and well shaken until 
| glution is complete. It is then kept under water in an upright 
ition. In filling the viscosity tube D, B is connected as before 
yith 2 and also with D, by means of the glass tube C and rubber 
tubing. The tap Z is opened and air or any other gas is allowed to 
fow in and then, on opening G and S and applying a slight pressure, 
the tube is easily filled. Several tubes may be filled from the same 
bottle, if necessary. With this arrangement the time taken for 
waking up a solution is very little more than with the old method, 
but the filling of the viscosity tubes is quicker, easier, and is free 
fom any objection. The viscosity tubes, being open at both ends, 
ae easier to clean and dry than those closed at the lower end. 
Cotton sliver which had been boiled with normal sodium hydroxide 
for four hours was dissolved in a cuprammonium solution containing 
K. ll-8 grams of copper and 192 grams of ammonia per litre, according 
to the Gibson, Spencer, and McCall method and to the above 
method. At the same time samples of the sliver were placed under 
water in an evacuated vessel in order to free them thoroughly 
- from air, then as much as possible of the water was squeezed out, 
thus leaving about the same weight of water as of cotton. These 
iir-free celluloses were dissolved according to the new method. 
The dilution caused by the water in the cellulose would be there- 
fore about 2 per cent. and hence by taking a correspondingly less 
amount of Schweitzer reagent the change in viscosity caused by 
diluting by this amount may be neglected. The solutions were 
x. nade up in triplicate, and two tubes were filled from each bottle. 
The results were as follow :— 


a 


TABLE [. 


Comparison of the viscosity in seconds of a colton as determined by 
the three methods, by the fall of a 1/16 in. steel ball through 15 cm. 


Two grams of cellulose in 100 c.c. of solvent. 


G. S. and M.’s New method with arr-free 
method. New method. cotton. 
3240 4230 4020 
a 3180 4050 3900 
1e 3735 4035 4065 
,r 3600 3975 3975 
J 3600 4050 4035 
: = - 3975 


3qa2 


1516 JOYNER: THE VISCOSITY OF CELLULOSE IN 


It is observed that there is an increase of about 12 per cent. op 
the viscosity of the solution made up by the new method, and that 
freeing the air from the cellulose beforehand makes no difference. 

It will be seen that in the duplicate determinations the viscosity 
of the solution in the second tube is 1 to 2 per cent. less than that 
of the solution in the first tube. In blowing out the solution no 
great care was taken, and mixing of the air and the solution may 
have taken place. As in the above determinations air was employed 
to drive the solutions into the viscosity tubes, an experiment was 
carried out to see whether the presence of air affected the results, 
One hundred and fifty c.c. of solution were made up and successive 
tubes were carefully filled at intervals of two minutes until the 
bottle was empty, and the time of fall was taken for each 5 em. of 
the tubes. The viscosity of the solutions in each tube is generally 
given by the time of the fall for the last three 5 cm. distances. 


Tas_e II. 
Effect of air-blowing on the viscosity. 
Time of _ Viscosity in sec. for each 5 cm. of tube. _ Viscosity 
exposure - * — for last 
Tube No. in min. Ist. 2nd. 3rd. 4th. 15 em, 
1 0 1230 1215 1215 1234 3664 
2 2 1215 1230 1215 1215 3660 
3 4 1185 1260 1260 1230 3750 
4 6 1260 1230 1200 1215 3645 
5 8 1080 510 165 90 765 


This shows that the air effect is confined to the top layer of the 
solution in the bottle and that therefore it is permissible to expel 
the solution by means of air. 

When cellulose solutions were made up as above, they did not 
alter in viscosity by more than 2 per cent. after being kept for 
eight days under water and im the dark. 

It was found eventually that the cause of great variations in 
the value of the viscosity of a particular batch of cotton was due 
to the difficulty in taking a representative sample. It was found 
necessary to pick over and open out every piece of cotton in a 
sample and then to mix them thoroughly. 


Effect of Dissolved Substances on the Viscosity of Cellulose in 
Cuprammonium Hydroxide Solution. 


The effect of dissolving sucrose, sodium chloride, and sodium 
sulphate in the cuprammonium hydroxide solution before adding 
the cellulose was investigated, and the results are given in 
Table III. 
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Taste III. 


The effect of the addition of sucrose, sodium chloride, and sodium 
sulphate on the viscosity of a cellulose. Concentration of cellulose 
2 grams per 100 c.c. of solvent. 


Grams of material added 
per litre. 0 5 me 20 40 50 80 
Viscosity when addition was : 
NOD ncccencenccsosssas 240 235 395 — 488 — Cell. — 
225 insol. 
240 
245 
Sodium chloride ...... * — 252 350 Cell. — _— — 
248 366 insol. 
Sodium sulphate ...... s — 240 — 228 485 — Cell. 
insol. 


It will be seen that the addition of small amounts of the above 
substances has little or no effect on the viscosity, whilst the addition 
of larger amounts raises the viscosity and then renders the cellulose 
insoluble in the solvent. The effect of the addition of much sucrose 
is similar to that found by Traube (loc. cit.). He attributed the 
action to the sucrose combining with the copper and rendering it 
mavailable for the solution of the cellulose. The gradual increase 
in viscosity with smaller concentrations of sucrose confirms this. 

The effect brought about by the addition of the salts cannot be 
due to this cause. It may be due to a salting-out action, similar 
to the effect of salts on soap solution. 


The Effect of the Concentration of Copper on the Viscosity of 
Cellulose in Cuprammonium Hydroxide Solution. 

In carrying out these experiments a well mixed cellulose was 
wed, allowance always being made for the moisture content. The 
amount of ammonia in the reagent was always 210 grams per litre. 
The effect on the viscosity of the cellulose concentration was 
determined, and also the effect of diluting a cellulose cuprammonium 
hydroxide solution both with ammonia containing 210 grams per 
litre and with water. The results are given in Tables IV, V, VI, 
and VII, whilst the relationship between the copper content of 
cuprammonium hydroxide solutions and their absolute viscosity 
as found by the Ostwald viscometer is shown in Table VIII. 

The results of Table IV are shown graphically on Fig. 2. The 
curves aa’, bb’, cc’, ee’, and ff’ show the relation between the con- 
centration of copper, in grams per litre, and the logarithm of the 
viscosity of solutions which contained quantities of cellulose varying 
from 0-5 gram to 3-0 grams per 100 c.c. of solvent. These curves are 
all of a hyperbolic nature, which shows that there is a limit to the 
effect produced by the concentration of the copper which lies in the 
neighbourhood of 30 grams per litre. 
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TABLE IV. 


Effect of varying the concentration of copper on the viscosity of celluloselg fffect 


Weianr of Copere 


in 100 c.c. of cuprammonium hydroxide solution. 
Ammonia 210 grams per litre. 


Copper Grams of cellulose per 100 c.c. of solvent. 
concentration. ~ —_—_——_ 
Grams per litre. 0-5 1-0 1-5 2-0 2-5 30 
Viscosity (sec.). 
29-4 5-5 103 330 900 
25 0-9 29-4 
24 113,110 
22.8 373 
20-0 1310 
18 159,154 530 
16 180,182 2160 
15 198,190 
14 980 3300 
13 6-6 240,238 
12 *1500 
11-8 
11-5 316,310 
10-5 396,408 
10 59-4 505,517 
9 1-0 
8-5 90 
8-0 11-0 76°75 
7-0 *11-4 
6-0 1-1 * 3-9 


* Solution incomplete. 


Fic. 2. 


Showing relation between concentrations of copper (grams per litre) and cellulose 


(Gm eta Lirac) 


(grams per 100 c.c. solvent) and the log viscosities obtained. 
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TABLE V. 


cellulosel™ fffect of dilution by ammonia on the viscosity of cellulose cwpram- 


30 


900 


1310 


2160 


3300 


lose 


monium hydroxide solutions, the ammonia content being constant 
at 210 grams per litre. 


Copper concentration. Grams of cellulose per 100 c.c. of solvent. 


After a 7, 
At start. dilution. 0-5 1-0 1-5 2-0 2-5 3:0 
Viscosity (sec.). 

30 — 103 900 
29-4 — 330 

_ 25-0 

22-0 28-0 

20-0 20-0 138 1310 
— 16-7 570 

— 15-0 5-4 36 

14-0 — 3300 

13-3 205 

— 11-7 1500 

— 10-0 7-6 37 

-= 9-3 480 

— 7-0 0-9 122 

os 6-7 8-5 

— 5-0 1-1 

oo 4-7 36 

an 3:3 1-5 

— 2:3 3-0 

TABLE VI. 


Effect of concentration of copper on the viscosity of a solution of cellulose 
of less viscosity than that used in previous tables. Concentration 


of cellulose 4 grams per 100 c.c. of solvent. 
Ammonia 210 grams per litre. 


Copper concentration. Viscosity in sec. 
29-4 7-9 
22-8 10-5 
18-0 15-2 
16-0 38-0* 


* Solution incomplete. 


TABLE VII. 


Effect of the concentration of copper on the absolute viscosity of ammonia 
solution containing 220 grams of ammonia per litre. 


Concentration of 


copper. Viscosity in C.G.S. Log. 
Grams per litre. Density. units. viscosity. 
30-1 0-9560 0-0165 —1-7825 
8-0 0-9293 0-0144 — 1-8420 
0 0-912 0-0136 — 1-8665 


With low copper concentration the tendency is for the solutions 
to have an infinite viscosity, but this is not realised since the cotton 
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will not dissolve completely in these weak solutions, and the 
logarithms of the viscosities of the heterogeneous mixtures obtained 
in these cases obviously do not lie on the respective curves. 

On diluting a concentrated cellulose cuprammonium hydroxide 
solution with ammonia solution such that the concentration of 
cellulose coincided successively with those for the curves aq’, 
bb’. . . ff’, it was found that the logarithms of the viscosities, on 
being determined, lay on these curves. This showed that equili- 
brium was established at these points, the same result being obtained 
whether the solution was prepared by directly dissolving cellulose 
or by diluting a concentrated solution with ammonia. On con- 
necting the points obtained in this way, the curves Aa’, Am, Aa, 
and Ac (Fig. 2) were obtained. It was found that it was thus 
possible to obtain cellulose solutions which could not be made 
directly with very low concentrations of copper, owing to the 
inability to dissolve the cotton. The latter, however, was not 
precipitated by dilution of the solution with ammonia. The curves 
were observed to meet at a point A, which represents the logarithm 
of the viscosity of a solution of ammonia as determined by the 
falling-sphere method, and this point is not very different from that 
obtained with cuprammonium hydroxide. The lowest of the 
transverse lines, Aa’, represents the viscosities of a saturated 
solution of cotton in the cuprammonium hydroxide solutions 
containing copper concentrations represented by the curve, and an 
ammonia concentration of 210 grams per litre. 

It will be seen that the minimum copper concentrations for com- 
plete solution of a cellulose are almost proportional to the amount 
of cellulose present, and that about 2-3 grams of cellulose requires 
about 1 gram of copper. This means that 162 grams of cellulose, 
that is, one C,H,,0,; group, requires 70 grams of copper, or about 
1 gram-atom. On increasing the ratio of copper to cellulose in 
solution to three times this value, the least viscous solution is 
formed. 

The effect of a low viscosity cellulose is shown by curve PQ 
(Fig. 2). The concentration of cellulose is 40 grams per litre, but 
for high concentrations of copper the curve almost coincides with 
that of a 10 grams per litre solution of high viscosity cellulose. On 
reducing the copper concentration with this low viscosity cellulose, 
the values for the viscosity rapidly increase until separation of 
cellulose takes place at a copper concentration of 16 grams per 
litre. This is the approximate value, as extrapolated from the 
curves for the high viscosity cotton, for the limit of copper concen- 
tration, and therefore it suggests that the solubility of a cotton in a 
cuprammonium hydroxide solution is dependent only on the copper 


Shor 


ce 


CUPRAMMONIUM HYDROXIDE SOLUTION. PART I. 1521 


eoncentration, provided that there is enough ammonia present, 
and is independent of the viscosity of the cellulose. 


Bffect of the Concentration of Ammonia on the Viscosity of Cellulose 
in Cuprammonium Hydroxide Solution. 


The effect of altering the ammonia content from 60 grams to 
950 grams per litre was studied with different concentrations of 
cotton, using a copper concentration of 13-5 grams per litre. The 
results are given in Tables VIII, IX, and X. 


Tasie VIII. 


Showing the effect of varying the concentration of the ammonia on the 
viscosities of cellulose cuprammonium hydroxide solutions con- 


taining 12-5 grams of copper per litre. 


Grams of Grams of 
cellulose ammonia 
per 100 c.c. per litre. Viscosity. Log. viscosity. 
254 720 2-86 
216 1020 3-01 
184 1500 3°18 
2-0 144 2070 3°32 
106 3240 3-51 
58 4980 3-70 
254 16-5 1-22 
1-0 184 35 1-54 
106 79 1-90 
58 138 2-14 
252 2-3 0-362 
0-6 215 3-2 0-505 
144 4:8 0-681 
62 4-3 0-919 


Table IX shows the influence of an increase in the copper con- 
centration of the solution. 


° TABLE IX. 


Effect of varying the concentration of ammonia on the viscosities of 
cellulose cuprammonium hydroxide solutions containing 24 grams 


of copper per litre. 


Grams of 2-0 Grams of cellulose per 
ammonia 100 c.c. of solvent. 
per litre. Sec. Log. viscosity. 
235 576 2-76 
177 937 2-97 
92 2340 3-37 


The results of experiments on a cotton having a lower viscosity 


than that used above are given in Table X. 
3 a* 
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TABLE X. 
Effect of using 2-0 grams of a cellulose of lower viscosity than thai 
employed in Tables VIII and IX. Copper concentration = 13.5 
grams per litre. 


Grams of 
ammonia Viscosity. Log. 
per litre. Sec. viscosity. 
212 153-2 2-18 
180 220 2-34 
170 238 2-38 
135 392 2-59 
99-2 534 2°77 
60-5 870 2-94 


The curves obtained from Tables VIII, IX, and X, by plotting 
ammonia concentration against the logarithm of the viscosity, are 
shown in Fig. 3, and it will be seen that they form a series of straight 


Fic. 3. 


Showing the effect of varying the concentration of ammonia on the viscosities of 
cellulose cuprammonium solutions containing 13°5 grams and 24-0 grams of 
copper per litre. 
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ines which are all practically parallel, with the exception of curve 
No. 3, which represents the effect for a very dilute cellulose, namely, 
6 gram per 100 c.c. From the other curves it is seen that the 
decrease in the logarithm of the viscosity is directly proportional 
to the increase of ammonia concentration, and is independent of 
the viscosity either of the cotton, the amount taken, or the amount 
of copper in solution. The mean of the results shows that an increase 
in ammonia concentration of 10 grams per litre decreases the 
logarithm of the viscosity of the cotton by 0-047. Therefore from 
the values obtained with solutions containing 1 gram or more of 
cellulose in 100 ¢.c. of cuprammonium hydroxide solution of a 
definite ammonia content, the viscosity for any other ammonia 
concentration may be calculated. 


Effect of Cellulose Concentration on the Viscosity of Cellulose 
Cuprammonium Hydroxide Solutions. 

The effect on the viscosity produced by varying the concentration 
of the cellulose in solution was determined and it was found that 
when the logarithm of the viscosity was plotted against the con- 
centration the curve obtained was nearly straight. Accordingly 
the relationship is best expressed by the Arrhenius formula, which 
states that 
logy = 6C’, where » is the ratio viscosity solution/viscosity solvent, 


(is the concentration, expressed most accurately as grams of solute 
per 100 grams of solvent, and @is a constant depending on the nature 
of the cellulose used and is equal to 


[log (viscosity of solution) — log (viscosity of solvent)]/C. 


The viscosity of the solvent cannot be found by the falling- 
sphere method directly, owing to the rate of fall being so great, 
but by plotting the logarithm of the viscosity of various cellulose 
solutions against the concentration a series of lines is obtained 
which meet at a point on the concentration axis giving a value of 
about — 0-8, similar to the point A on Fig. 2. This gives for the 
viscosity of the solvent a value of about 0-160 sec. or 0-08 C.G.S. 
uit. The value found, using the Ostwald viscometer, is 0-015 
0.4.8. unit. It would be probably incorrect to use the Arrhenius 
formula for extrapolating the value for the viscosity of the solvent, 
but in this case the number obtained gives a constant for @ over 
considerable differences in concentration and great differences in 
viscosity. The value — 0-8 is accordingly used in determining the 
value of 6. It is seen that several factors affect the viscosity, for 
example, the concentration of the copper; as more cellulose is 


dissolved, more copper is removed from a state of true solution, 
3G 2* 
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and, as shown in Fig. 2, a diminution in the uncombined copper 
results in increased viscosity of the solution and therefore in ay 
increase in 6. Another factor which may affect the viscosity j 


hydration of the sol, which may be altered by the concentration of J 


the cellulose. 


TaBLe XII. 
The relationship between the log. viscosity of cellulose solution and its 


concentration. 
Concentration of copper in 1 and 2 = 12 grams per litre. 
” ” %? ” 3 ” 4= 18 ” re) ” 
re) ” re) ” 6 = 29 ” ” ” 
C = wt. of cellulose per 100 c.c. of solvent. 1 = viscosity in 
seconds. 
Solution 1. Solution 2. 

C. n. Log 7. 6. C. ”- Log ». 6. 

1-0 3 0-30 1-08 0-50 2-0 0-30 2-16 

1-5 8 0-90 1-12 1-00 34-5 1-54 2-32 

2-0 26 1-41 1-09 1-60 324 2-52 1-94 

2-5 103 2-01 1-12 2-00 1580 3-20 1-99 

3-0 540 2-73 1-17 2-40 6000 3-78 1-90 

Solution 3. Solution 4. 

C. n Log n 6. C. ”. Log n. 6. 

1-0 1-7 0-23 1-01 2-00 1-2 0-08 0-43 

1-5 5-5 0-74 1-01 2-00 5-4 0-73 0-50 

1-75 11-0 1-04 1-03 5-00 54 1-7 0-50 

2-0 16-8 1-22 1-00 6-00 285 2-45 0-55 

2-25 30 1-48 1-00 7-00 Insol. 

2-5 46-5 1-67 0-98 

2-75 99 2-00 1-00 Solution 5. 

3-0 192 2-28 1-02 

3-25 292 2-49 1-00 C. n- Log 7. 6. 

3:5 402 2-60 0-97 0-50 0-90 1°95 1-46 
1-00 5:5 0-74 1-52 
1-50 29 1-46 1-50 
2-00 103 2-01 1-40 
2-50 330 2-52 1-32 
2-00 900 2-95 1-24 


As regards the best copper concentrations for Schweitzer’s 
reagent, it can be seen that any error in analysis causes the smallest 
change in viscosity when the concentration is high. It has been 
noticed, however, that with high copper concentrations, especially 
when the ammonia content is low, cellulose is gelatinised and then 
dissolves only slowly. The best concentration for general use is 
13 grams of copper per litre with 20 grams of cellulose per litre, 
the ammonia concentration being 200 grams per litre. However, 
such a low concentration of cellulose does not differentiate between 
very low viscosity cottons, and for these a 4 per cent. solution of 
cellulose should be made in a Schweitzer reagent containing 20 
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grams of copper per litre, the ammonia concentration being the 
same as above. Using the Arrhenius formula, the viscosity for a 
2 per cent. solution may then be calculated. 

Occasionally even a 4 per cent. cellulose solution was not con- 
centrated enough to bring out differences between very low viscosity 
celluloses, and a 9 per cent. solution of cellulose was made in a 
cuprammonium hydroxide solution containing 36 grams per litre. 
Thus, after a certain treatment, a cellulose gave a viscosity in 
seconds for a 4 per cent. solution of 4-7, whilst in a 9 per cent. solution 
the viscosity was 120. After further treatment the two viscosities 
were 2-5 and 30 respectively. 


The above research work was carried out in 1920, and the author 
wishes to thank Messrs. Nobel Industries, Ltd., and Mr. Wm. 
Rintoul, O.B.E., F.I.C., for permission to publish this work. The 
author aiso wishes to thank Mr. J. J. Tidd, who carried out many 
of the experiments. 


ARDEER Factory, 
STEVENSTON. [Received, May 12th, 1922. 


CLXXX.—The Sorption of Carbonyl Chloride by Beech- 
wood Charcoal. 


By Hueu Mis Bunsury. 


Tue following is a brief description of some experiments which 
were undertaken with a view to ascertain to what extent carbonyl 
chloride is taken up and retained by charcoal, and the effect of 
time, temperature, and pressure on the sorption. No similar 
data are recorded in the literature of carbonyl chloride (compare 
the references compiled by Berolzheimer, J. Ind. Eng. Chem., 1919, 
11, 263). The results show that the sorption is affected by pressure 
and time in the usual way. 

The apparatus employed was similar to that used by Travers 
(Proc. Roy. Soc., 1904, 74, 126; 1906, [A], 78, 9), and is shown in 
Fig. 1. 

The manometer, VM, and the sorption bulb were exhausted by 
means of a Tépler pump, the mercury in both limbs being brought 
to the same level. The final level of the mercury was brought 
to a position indicated at L, by adjusting the mercury reservoir. 
The carbonyl chloride bulb was then weighed, and attached by 
means of stout pressure-tubing, which was securely wired on, to 
the capillary, C, which was connected with the capillary inlet 
tube, D. The rubber joints to the latter were submerged in a 
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mercury trough, R, to guard against leaks. The whole of the 
tubing from the tap on the carbonyl chloride bulb to the point P 
was filled with mercury, to exclude the possibility of the entry of 
air. The three-way tap, 7', and the trap, S, were also fitted with 
mercury cup seals. All rubber-glass connexions were treated 
with glycerol before the joints were made. A thread of mercury was 
contained in both holes of the three-way tap and in the limb, V, 
of the side capillary leading to the pump. On opening the three. 


Fic.” 1. 
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way tap to both limbs, no movement of the mercury took place 
if the apparatus was quite air-tight. If even a slight movement 
occurred, the whole apparatus was re-exhausted and the joints 
made again. The tap on the carbonyl chloride bulb was then opened 
and carbonyl chloride allowed to enter the apparatus. The mercury 
in the manometer M instantly rose, but soon fell rapidly owing 
to the sorption of the gas in the charcoal. The carbonyl chloride 
bulb was quickly removed and re-weighed. When the sorption 
was complete, the level of the mercury was adjusted to the point 
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X, which was an inserted glass point just touching the surface of 
the mercury, and the height in the manometer read off by means 
of a telescope with micrometer eye-piece. 

In the experiments on the rate of sorption, the mercury was 
kept at the glass point, X, by means of the reservoir, and the 
difference in height of the mercury in the manometer read off at 
definite intervals of time. 

At first the carbonyl chloride attacked the mercury of the 
apparatus, but this was found to be due to free chlorine, which was 
present to the extent of 0°88 per cent. This free chlorine was 
removed by introducing mercury into the carbonyl chloride bulb 
before the experiment and allowing the gas and metal to remain 
in contact for some time at the temperature of a freezing mixture. 

The charcoal used in this investigation was beech-wood carbon 
similar to that employed in gas masks. 

The apparatus was repeatedly exhausted at the end of each 
experiment, with the sorption bulb in the vapour of boiling sulphur. 
It was then flushed out with air several times and again exhausted 
at 444°, 

The carbonyl chloride was estimated by drawing the gas through 
standard potassium hydroxide (approximately 0°2N) contained 
in a gas wash-bottle of spiral design. The contents of the bottle 
were then washed into a large beaker containing a few crystals 
of potassium iodide and some freshly prepared starch solution. 
The whole was acidified with a known volume of standard hydro- 
ehloric acid (approximately 0°5N) and the free iodine titrated with 
standard thiosulphate. Methyl-orange was then added and the 
solution neutralised with standard potassium hydroxide (approxim- 
ately V). In working at temperatures below 150°, no free chlorine, 


or only a minute trace, was found. 
Summary of Results. 


The results are given in detail in Table I and plotted in Fig. 2. 
Fic. 2. 
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They are apparently accurate to about 1 per cent. The points 
have been found to agree with the sorption formula x/m=kp"", 

Equilibria at 18° and 100° only have been investigated, since at 
temperatures above 150° the dissociation of carbonyl chloride 
into carbon monoxide and chlorine becomes appreciable. Thus 
at 150° it is 0°06 per cent., at 200° 0°4 per cent., at 300° 3:2 per 
cent., and at 400° 22 per cent. 


TABLE I. 
The sorption of carbonyl chloride by 2°1922 grams of beech-wood 
charcoal. 
Final 
Grams of pressure x 
Temp. COcl,. in mm. Log x. Log p. mn 
14° 1-301 520 0-11420 2-71600 0-5935 
18 1-385 730 0-14145 2-86332 0-6318 
- 0-985 217 —1-99344 2-33646 0-4493 
- 0-962 147 —1-98318 2-16732 0-4388 
s 0-715 56 —1-85431 1-74819 0-3262 
9 0-428 2-7 — 1-63144 0-43136 0-1952 
100 0-945 1596 —1-97544 3:20303 0-4310 
- 0-693 825 —1-84073 2-91645 0-3161 
a 0-420 292 — 1-62325 2-46538 0-1916 


At 18°, 1/n = 0-231; n = 4-33; k = 0-235. 
At 100°, 1/n = 0-488; n = 2-05; k = 0-038. 


The velocity of sorption is extremely rapid, almost all the gas 
represented by any particular equilibrium being sorbed within a 
few minutes: that is, equilibrium will be practically attained after a 
few minutes. However, the effect of more prolonged exposure is 
shown by the experiments in Table II. 


TABLE II. 


The velocity of sorption of carbonyl chloride by charcoal at 14°. 
Carbonyl chloride introduced, 0-7434 gram. 


Time im MINUGES ......<ccccccccess 6 8 10 12 18 

Pressure in mm. of Hg. ......... 160 115 100 94 91 
Carbonyl chloride introduced, 0-3170 gram. 

Time in minutes .................. ] 2 3 7 ll 18 

Pressure in mm. of Hg. ......... 470 375 342 275 254 247 


In conclusion, I wish to thank Professor McBain for advice and 
assistance. 


DEPARTMENT OF PHysICAL CHEMISTRY, 
THE UNIVERSITY, BrIsTOL. [Received, June 10th, 1922.] 


TC, 


ints 


I/n 
. 


THE COMPOSITION OF PARAFFIN WAX. PART II. 1529 


(LXXXI.—-The Composition of Paraffin Wax. Part II. 


By Francis Francis, Cyriz Mercer WarkINS, and REGINALD 
WILFRED WALLINGTON. 


No attempt has yet been made to effect a systematic fractionation 
of paraffin wax on the lines laid down by Sydney Young in his 
work on the lower-boiling members of the petroleum hydrocarbons. 

It has been assumed, however, since the work of Krafft in 1907 
—which will be discussed later—that paraffin was a complex 
mixture of a very large number of homologous members of the 
paraffin series of normal hydrocarbons. 

During the investigation of the oxidation of this material, an 
account of which was published in this Journal (this vol., p. 512), 
it was found that a very partial fractionation gave fractions which 
showed a very marked difference in their rate of oxidation. This 
was considered to be a clear indication that a certain degree of 
separation had been effected, and it led directly to the attempt 
to effect a complete fractionation, an account of which forms the 
subject of this communication. 

The material used was a part of that employed in the previous 
investigation, of Scotch origin, melting between 55° and 56°, 
showing a molecular weight of 366, an iodine value of 2-9, and 
d= 0-7628. 

The apparatus employed for the fractionation was evolved after 
several preliminary trials and is sufficiently explained by reference 


to Fig. 1. 


Fic. 1. 


Etter tty } 


About 150 grams of wax was found to be a suitable quantity for 
a single distillation, and in all 950 grams of material were treated. 
As a source of heat a bunsen burner was found preferable to an 
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oil-bath; the fractionation had to be carried out very slowly, and 
“ bumping ” was minimised by the use of platinum tetrahedra, 
The vacuum required was obtained by the use of a Volmer mercury 
condensation pump, and no difficulty was experienced in main. 
taining the pressure between 0-12 mm. and 0-05 mm. during the 
period of the fractionation. The actual pressure was measured 
by means of a McLeod gauge, and the temperature by an ordinary 
small-bulb thermometer, calibrated at the National Physical 
Laboratory. Distilling under pressures in the neighbourhood of 
0-1 mm., four fractions were collected at first, three between 170° 
and 230° and the residue boiling above the latter temperature. 
These were then divided into fractions boiling over a range of 10° 
and ultimately into those boiling over 5°. The total “ boiling 
range ”’ spread out with each fractionation, fractions being collected 
at temperatures as low as 125° and up to 280°. 

Separation into large and small fractions was apparent at an 
early stage of the process, but it was not until the seventeenth 
fractionation that large amounts of material were obtained boiling 
over small ranges of temperature. This was markedly the case 
with the material boiling below 210°; above that temperature 
much greater difficulty was experienced in the operation. 

At the end of the twenty-first fractionation it had become clear 
(see Table I) that the limit of the separation possible with the 
apparatus we were using had been reached. 

The results of some of the fractionations are given in Table I; 
the earlier and middle have been omitted owing to lack of space. 

Table II, column 3, gives details of the further fractionation of 
the smaller fractions boiling above 205°. This operation was 
carried out in a similar but smaller apparatus to that shown in 
Fig. 1. 

During the entire distillation about 12 per cent. of the material 
was lost; considering the nature of paraffin wax, the experimental 
difficulties, and the very large number of separate fractionations, 
this may be regarded as a satisfactory result. 

It is considered that about half of this loss could be traced to 
the residues left in the distillation flask at the end of a complete 
fractionation; and the rest to the fact that such residues at higher 
temperatures were dark in colour and were discarded as decom- 
position was suspected. 


Results of Fractionation. 


1. It is clear from the results of the last five fractionations 
(Table I) that the value AW/AT7' changes but little; small values 
tend to decrease and large ones to increase. It was judged that 
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a better separation could not be effected with the apparatus 
employed. 

2. The data obtained from a redistillation of the large fractions 
from the twenty-first operation are given in Table II, and it will 
be seen that considerable amounts of material were obtained in 
no case boiling over a range of more than 2°. 

3. Table II gives the amounts of the various fractions expressed 
as percentages of the original paraffin wax employed. 

We consider that, making allowance for the loss on distillation, 
about 80 per cent. of this paraffin is composed of seven substances 
of constant boiling point. Of the remainder, 8 per cent. to 10 per 
cent. is composed of material boiling between 220° and 240° and 
probably containing not more than two such substances. The amount 
of wax boiling above 240° (press. 0-05 mm.) probably does not 
amount to more than 2 or 3 per cent. 

4. These constant-boiling substances may be either fairly pure 
hydrocarbons or mixtures of hydrocarbons. 

If the latter, they would, presumably, have melting points 
differing from those of their constituents. In Table II fractions 
lettered A to H show numbers for these constants which rise steadily 
with increase of boiling point: an indication that all the consti- 
tuents belong to a general class of hydrocarbons. But that such 
constant-boiling substances may be mixtures has been clearly 
shown by S. Young, who found, for instance, that at 50° cyclo- 
pentane could not be separated from @$-dimethylbutane, that at 
61—62° a mixture of the isomeric isohexanes distilled over, and at 
70—71° a mixture of n-hexane and methylcyclopentane. The 
question as to the actual nature of these constant-boiling fractions 
can only be settled by chemical means. 

It is difficult to compare this work with that of Krafft (Ber., 
1907, 40, 4779), who investigated a Saxo-Thuringian wax obtained 
from lignite, fusing between 55° and 56°, and which he distilled in 
the vacuum of the “ cathode rays,” the exact pressure not being 
measured. After five fractionations he considered that he had 
isolated eighteen hydrocarbons, and an investigation of the residue 
indicated the presence of a further seventeen members, all of which 
were presumed to belong to the normal paraffin series. There can 
be little doubt, however, that five fractionations of such a complex 
mixture were entirely insufficient as a means of indicating the 
presence of constant-boiling substances. 

Working with pressures certainly much higher than those used 
by Krafft, but with a still-head probably more efficient, we obtained 
little or no evidence of any definite separation until seventeen 
such operations had been carried out. We believe that Krafft 
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placed too much reliance on the small fractions he obtained, which 
in every case he regarded as corresponding with pure hydrocarbons, 
It will be seen from the fifth distillation, Table I, that it would 
have been possible to obtain a very large number of fractions of 
“constant boiling point,” although all would have been small in 
amount. 

It was only, however, when 8. Young, between 1897 and 1905, 
investigated the fractionation of petroleum and devised the methods 
followed in this communication that it became possibie to obtain 
some insight into the number of components present in such com- 
plicated mixtures. Krafft did not employ such criteria, and we 
have still to find out whether they are applicable to materials with 
high boiling points, distilled under very low pressures, and with a 
still-head very much less efficient than any of those used by 
Young. 

In connexion with the extensive fractionations described in this 
communication, and the consequent period during which the vapour 
had been exposed to high temperatures, we must refer to the so- 
called “latent period’ in the oxidation of the wax mentioned in 
the previous paper (loc. cit., p. 499). It has been found that this 
period is decreased by heating the wax, and to an extent that 
depends on the temperature and the duration of the exposure. In 
a later paper we hope to be in a position to state what effect, if 
any, has been produced on this period by the fractionation. 

During the operations we have observed no sign of “ cracking,” 
or of the evolution of any trace of gaseous material, but we have 
reason to suspect that a small amount of vapour derived from the 
original wax, and not greater than 0-5 per cent., passed through 
the pump. 

The iodine values given in Table II clearly indicate that no 
unsaturated material had been formed during the fractionation. 


Physical Properties of the Constant-boiling Substances. 


1. In Table II the results are given of a separate distillation of 
the fractions obtained and described in Table I; the weight used, 
and that obtained over the given range of temperature, are stated 
for the eight fractions A to H. Densities were measured at 100°, 
and in each case the error is not greater than 2 in 10,000. The 
molecular weights were determined by the ebullioscopic method, 
using benzene as solvent (K = 2670) in all but one instance, in 
which carbon disulphide had to be employed. The error of these 
determinations is within 1 per cent. 

2. There is no doubt that fraction 12, No. G, Table II, which 
has a molecular weight corresponding with dotriacontane, Cy,H ¢¢, 
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namely, 450, is an entirely different substance from the synthetic 
hydrocarbon. A redetermination of the molecular weight of 
fraction G gave 449 and 450-2, and a comparison of the refractive 
index of this fraction with that of synthetic dotriacontane showed 
a constant difference of 0-0014 over a range of 70—90°. In a 
later communication it will be shown that fraction G, on oxidation 
with air, gives a material containing 15 per cent. of oxygen, whereas 
the synthetic hydrocarbon was shown in the last paper to be un- 
affected by a similar treatment. 

3. It will be seen that fraction 15, No. H, shows a value for the 
molecular weight which does not fall regularly in the series. This 
magnitude was redetermined, and in benzene found to be 434-3, 
and in carbon disulphide, 434-5. The synthetic hentriacontane, 
(s,Hg,, obtained by Krafft, of molecular weight 434, showed a 
density at 98-4°/4° of 0-7619 compared with fraction H at 100°/4° 
of 07678, and a melting point of 68-1° compared with 66-6° for 
No. H. 

Further, the solubilities and densities of the various fractions 
show a regularity, the lower the latter the greater the former, and 
to this the only exceptions are fraction 15, No. H, and synthetic 
dotriacontane. 

In conclusion, it may be stated that we consider it not improbable 
that definite constituents have been isolated from paraffin wax, 
and that so far no evidence has been obtained for the existence in 
this material of normal hydrocarbons of the paraffin series. 

The physical properties investigated, however, do not give 
sufficient data for the solution of the problem. The ultimate 
nature of the constituents can only be determined by chemical 
means, and such an investigation, by air oxidation at 100°, is now 
in progress. 


Our thanks are due to the University Colston Society for grants 
towards the expenses of this work, and to the Department of 
Scientific and Industrial Research for assistance which enabled 
two of the authors (C. M. W. and R. W. W.) to take part in the 
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CLXXXII.—The Role of Protective Colloids in 
Catalysis. Part II. 


By Tuomas IREDALE. 


Last year the author (T., 1921, 119, 109) carried out some experi- 
ments on the inhibition of catalytic action by protective colloids, 
the particular reaction investigated being the catalytic decomposition 
of hydrogen peroxide by colloidal platinum. The most interesting 
colloid was gelatin, which exhibited a quite remarkable inhibitive 
action; but it seemed desirable to investigate the behaviour of 
gelatin solutions which had been prepared in two different ways, 
giving rise to particles of different size. 


EXPERIMENTAL. 


The procedure adopted was very, little different from that de. 
scribed in the previous paper. All the experiments were carried 
out at 25°, using weil-cleaned, Jena-glass vessels and carefully 
purified water. Five c.c. of the reaction mixture were in each case 
titrated with about N/80-potassium permanganate, the rate of the 
unimolecular reaction being calculated directly from these titration 
figures. In the tables which follow, only the mean value, k, of the 
velocity “ constant ” for any particular reaction is given.* 

Two types of gelatin solution were prepared as follows, the 
material used being Coignet’s photographic gelatin : 

(a) A weighed amount of gelatin was allowed to swell for an hour 
in about one hundred times its weight of cold water, and after 
warming at 60° to effect complete dispersion, the solution was 
diluted with cold water to give a concentration of 0-04 per cent. 
Lower concentrations used in the experiments were obtained by 
simple dilution from this concentration. This type of solution 
will be called gelatin A. 

(6) A 1 per cent. gelatin sol was prepared by allowing gelatin to 
swell for an hour in the requisite amount of water, and warming at 
about 60° to effect complete dispersion. The sol was then allowed 
to set to a gel f during the night, and on the next morning it was 


* It is necessary to emphasise at this stage that the average value of the 
velocity ‘‘ constant ’’ is useful for comparative purposes only if it is calculated 
from values obtained not much beyond the time for 50 per cent. decom- 
position. 

ft Al per cent. gelatin sol will not usually set unless there are traces of 
inorganic salts present, for example, those contained in gelatins of fairly 
high ash content. Although this foreign matter can have by itself no appreci- 
able action on the platinum sols at such great dilution, its presence may 
markedly affect the size of particles of the gelatin sols, prepared in the two 
ways described. 
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shaken with a large volume of cold water to give a 0-04 per cent. 
glution; lower concentrations were obtained, as before, by simple 
dilution. This type will be called gelatin B. It is imperative that 
the solution be not excessively turbid, and it will be found better 
‘0 prepare a sol of lower concentration than 1 per cent.—say, 
(6 per cent.—if the dispersion of the 1 per cent. gel is too difficult 
to effect in the cold. This will depend entirely on the nature of the 
gelatin used. 
It is possible that the particles in gelatin B are somewhat larger 
than those in gelatin A. Zsigmondy (‘Chemistry of Colloids,” 
trans. by Spear, 1917, p. 224) maintains that such a difference can 
be detected with the ultramicroscope, anything approaching real 
homogeneity being found only with warm sols. That these two 
types behave somewhat differently in their effects on catalysis with 
clloidal platinum is evident from a large number of experiments 
carried out by the author. Table I records the results of some of 
these experiments, and the most striking facts appear to be the 
following : 

(1) Since the results of series i. were obtained with the same 
jlatinum sol, having an activity denoted by the velocity constant 
(0263, it is evident that different gelatin solutions prepared in 


TABLE I, 
Series i. Series ii. 

Cone. of k. k. 
gelatin Gelatin Gelatin Gelatin Gelatin Gelatin Gelatin 
per cent. A (i). B (i). A (ii). B (ii). A. B. 

0 0-0263 0-0263 0-0263 0-0263 0-0365 0:0365 
0-01 0-0062 0-0039 0-0044 00-0043 0-0057 0-0059 
0-001 0-0065 0-0056 0-0056 00-0060 0-0070 0:0075 
0-0001 0:0075 .0-0077 0-0058 0-0098 0-0075 0-0088 
0-00005 0-0102 0-0120 0-0096 0-0113 0-0090 0-0120 
0-00001 0-0190 0-0178 0-0189 0-0229 0-0251 0-0276 


0-000005 0-0213 0-0230 0-0216 0-0238 0-0288 0-0318 


precisely similar ways do not always have the same inhibitive 
elect for each concentration investigated. This result might be 
anticipated, but, of the two types, gelatin A exhibits greater irregu- 
larities in behaviour. Dilution sometimes produces very little 
change in the activity of gelatin A solutions [this very pronounced 
effect is to be seen in Table II, with gelatin A (ii)], and it would 
appear that either the dilution results in an increase in the number 
of particles owing to subdivision or there is a tendency for an 
adsorption maximum to be reached in some particular cases. 

(2) Gelatin B does not exhibit such a pronounced tendency to 
an adsorption maximum, and although subdivision of the particles 
may take place to some extent on dilution, it is not so noticeable.. 
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TABLE II. 
k. 
Conc. of gelatin 
per cent. Gelatin A (i). Gelatin A (ii). Gelatin B. 
0 0-0185 0-0185 0-0185 
0-01 0-0040 0-0050 0-0030 
0-001 0-0053 0-0054 0-0045 
0-0001 0-0061 0-0058 0-0066 
0-00005 0-0068 0-0071 0-0086 
0-00001 0-0123 0-0111 0-0146 
0-000005 0-0151 0-0133 0-0180 


At very low concentrations, gelatin B is always less effective than 
gelatin A as an inhibitor. This is quite in keeping with what is 
already known about gelatin, that its protective effect is greater 
the smaller the size of its particles. (Observation of the disappear. 
ance of inhibitive activity at different stages of dilution is the clue 
to the real relation between Zsigmondy’s gold numbers and this 
interesting phenomenon, and will be discussed later.) 

(3) Both types show a very rapid falling off in their activity 
below a concentration of about 0-00005 per cent. It may be that 
up to concentrations in this neighbourhood the adsorption process 
between the platinum and gelatin particles is largely electrocapillary 
in nature, but that above this concentration ordinary adsorption 
may be operating. If, for concentrations of gelatin above 0-00005 
per cent., the logarithms of the gelatin concentrations be plotted 
against the logarithms of the percentage inhibition in each case, 
' the curves obtained will be almost straight lines, and for gelatin A 
these lines will be more nearly horizontal than for gelatin B. 

If gelatin A does consist of a large number of small particles, and 
gelatin B of a small number of larger particles, and if it is assumed 
that, on account of their higher surface energy, the smaller particles 
are more effective for adsorption, then one would expect an adsorp- 
tion maximum to be reached more readily with gelatin A than with 
gelatin B, and the effects of gelatin B would fall off more rapidly 
with dilution. 

It is too early in these investigations to state definitely just how 
these adsorption processes are operating in every case, but the 
results seem worth recording, as they are important for the study of 
the physico-chemical properties of gelatin. 

Higher concentrations of gelatin than 0-01 per cent. have not 
been investigated, because viscosity changes in the solution would 
soon become appreciable, and the slowing down of the Brownian 
movement to any extent is a matter outside the present consider- 
ations. 

Now, by varying both the gelatin and the platinum concentra- 
tions throughout any one experiment, some results have been 
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obtained which can be accounted for only on the adsorption theory. 
If diffusion plays such a large part in the catalysis as some people 
suppose, one would expect that a given concentration of gelatin 
yould have a somewhat smaller effect on a fairly concentrated 
platinum sol than on a more dilute one, where the particles would be 
farther apart. But this is not by any means the case, and the ratios 
recorded in Table III show that the retardation in the velocity 
of reaction produced by a given quantity of gelatin is almost invari- 
ably greater the greater the concentration of the platinum sols, and 
this can be explained on no other ground than that of adsorption. 


TaB_e III. 
Series i. Series ii. Series iii. 

Cone. of ‘ Cone. of Gone. of 
gelatin A gelatin A gelatin A 
percent. k. Ratio. percent. k. Ratio. percent. &. Ratio. 

Platinum sol A. Platinum sol D. Platinum sol H. 
0 0-:0404 1 0 0-0834 1 0 0-1370 1 
0-01 0:0070 0-17 0-001 0-0217 0-26 0:0001 0:0447 0-31 
00001 00-0118 0-29 


000001 0-0270 0-67 


Platinum sol E 


Platinum sol I 


— a | (cone. = } Pt. sol D). (cone. = +; Pt. sol H). 
1p LA 0 0-0574 1 0 0-:0055 1 
(conc. = } Pt. sol A). 0-001 0-0152 0-26 0-:0001 0-0020 0-39 
0 0-0133 1 . 
00001 0.0054 0-40, Tiatinum sol F 
’ 005 ' 
Ds “be (cone. = 3 Pt. sol D). 

00 . . 2 
0:00001 0-0087 0-67 0 0-0312 1 

Platinum sol C 0-001 0-0102 0-32 


. = >t. A). 
(cone. = } Pt. sol A) Platinum sol G 


0 0-0042 1 

0-01 0-0020 0-48 (cone. = } Pt. sol D). 
0-0001 00-0024 0-57 0 00114 1 
000001 00-0041 0-98 0-001 0-0027 0-24 


Given a number of gelatin particles corresponding with a certain 
concentration, a greater proportion of these must be adsorbed by a 
large number of platinum particles than by a small number, but the 
exact quantitative relations existing can only be decided by more 
exact investigations. The difficulty is, to prepare gelatin solutions 
the ultramicrons of which will not subdivide on dilution. One must 
be sure in every case that dilution of both the platinum and the 
gelatin merely affects the distribution and not the state of the 
particles. 

With any other protective colloid, such as gum arabic, the same 
type of behaviour is exhibited, but gum arabic is not nearly so 
strong a protective colloid as gelatin, and its effects are not manifested 
at so great a dilution. 
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TABLE IV. 
Conc. of 
gum 
arabic Platinum sol J. Platinum sol K. Platinum sol L, 
per cent. k. Ratio. Ratio. k. Ratio, 
_ eee 0-0243 1 0-0185 1 0:0052 1 
AD ctesicsesacs 00-0131 0-54 0-0130 0-71 0-0043 0-82 
GEE cectanvecea 0-0167 0-69 0-0139 0-76 0-0047 0-90 


(in concentration, sol J>sol K>sol L). 


This brings up again the interesting point mentioned previously, 
Zsigmondy measured the quantity of protective colloid which was 
just insufficient to prevent coagulation of the gold sol by electrolytes, 
Expressed in milligrams per 10 c.c., this was called the gold number, 
Now it seemed desirable to find out what these limiting concen. 
trations are in the case of the catalytic process. The gold numbers 
of several protective colloids were determined by Zsigmondy’s 
method. The same solutions were then used in the catalytic 
experiments, and continually diluted until the effect of the colloid 
on the reaction was no longer perceptible. This was found not to 
be a very easy matter to decide, but from a large number of experi- 
ments on the same solutions, definite values for the limiting concen- 
trations were finally obtained. They vary slightly, just as the gold 
number does, for different solutions of the same sample of protective 
colloid. Table V records one set of such measurements. 


TABLE V. 
Inhibition Gold Inhibition 
Protective Gold number number number 
colloid. number. per cent. ratios. ratios. 
IL. csp cacocascenes 0-02 2 x 10-* 100 100 
Egg-albumin ...... 0-10 1 x 10° 20 20 
BOOMNENENE  iecdsescesis 3 2 x 10-* 0-66 1 
DUNES wiancccevesescs 5 6 x 10-* 0-40 0:33 


(In these determinations a platinum sol should be used which 
has a velocity constant between 0-02 and 0-01. The value 0-02 is 
the gold number for gelatin in the cold. Values as low as 0-004 
and 0-005 can be obtained only at the temperature of the boiling 
solution.) 

Giving to the most efficient protective colloid, gelatin, the value 
100, and comparing the ratios of the gold numbers with the ratios 
of these limiting concentrations, the closest parallel is observed. 
It is proposed to call the limiting concentration in each case the 
“inhibition number,” and this may be defined more strictly as— 
that percentage of protective colloid which is just insufficient to inhibit 
catalytic action. 

Both the gold number and the inhibition number are evidently 


yn 
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, measure of the same property—the strength of the adsorbed film, 
and by this is meant the capacity of the protective colloid for 
inhibiting further adsorption. 

A great many more protective colloids might have been investi- 
gated in this connexion and, indeed, the inhibition number will now 
be worked out for a large number of colloids using colloidal gold 
as catalytic agent, and it is anticipated that more exact relations 
will be found to hold; but it is easily seen that the above results 
are more than a coincidence, and illustrate very well the adsorptive 
theory previously upheld by Zsigmondy. He, however, did not 
attempt to explain completely the real significance of the gold 
number, and it is claimed that this work on catalysis has resulted 
in the first real attempt to do so. But the investigations have been 
confined to a single reaction, and they will have to be extended to 
numerous cases of colloid catalysis before the generalisations will 
sem really valid. At the same time, there is no reason to believe 
that this behaviour of protective colloids is peculiar only to the 
case of colloidal platinum and hydrogen peroxide; for the rate of 
reaction that is measured in these cases of heterogeneous catalysis 
seems really to be what might be called a velocity of adsorption, 
the chemical reaction at the surface of the catalyst probably being 
a very much faster process. 

It is interesting in this connexion to note that Friend (T., 1921, 
119, 932; this vol., p. 466) has recently been extending this work 
on protective colloids to other, more diverse, types of heterogeneous 
reactions, and the results he obtains are in agreement with the 
adsorptive theory. 

The poisoning of colloidal metals protected by other colloids is 
a matter of great interest, but here the adsorption processes are 
much more complex, and the results that have been obtained so far 
are not very easy to interpret. But it seems that, fairly generally, 
a protected metal sol of the same activity as an unprotected one is 
not poisoned to the same extent by a given amount of catalytic 
poison, and this is what one would anticipate from the theory 
developed as the result of previous researches. 


Summary. 


Further experiments have been undertaken on the inhibition 
of catalysis by protective colloids, and the results of these experi- 
ments confirm the original idea, that adsorption is the controlling 
factor in the phenomenon. 

An “ inhibition number ”’ has been obtained which is defined as 
“that percentage of protective colloid which is just insufficient to 
inhibit catalytic action,’ and the ratios of these numbers for 
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different protective colloids are of the same order of magnitude as 
the ratios of the gold numbers. 


I am indebted to the Royal Commissioners of the Exhibition of 
1851 for a scholarship which has enabled me to carry out this 
investigation, and to the Chemical Society for a grant which is 
defraying some of the attendant expenses. 


UNIVERSITY OF SYDNEY AND 
University COLLEGE, LONDON. [Received, May 25th, 1922.] 


CLXXXITI.—The Chemistry of Polycyclic Structures in 
Relation to their Homocyclic Unsaturated Isomerides, 
Part Ill. Intra-annular Tautomerism of a- 
Campholytic Acid. 


By JuAN PEpDIGE CHARLES CHANDRASENA, CHRISTOPHER KELK 
INGOLD, and Jocetyn Fietp THORPE. 


THE examples of intra-annular tautomerism previously d‘ _ussed 
(T., 1920, 117, 1362; this vol., p. 128) are charactei:-.d most 
especially by the extraordinary facility with which the two in- 
dividuals composing the tautomeric system must be assumed to 
undergo interconversion. In no case, indeed, has it yet been found 
possible to isolate more than one crystalline variety of any of these 
substances, which in solution exhibit reactions characteristic of 
both the structures (I) and (IT) : 


CxX=0y pc OX-CHY 
R R, 
1) CRS cHz.co CRSz.60 
CX:CY OX-CY 
: ‘R. = ‘R, y, 
(ut) CRO: hon CRU .on &v) 


We may assume that the reason for this is the intimate connexion 
between the corresponding enolic forms (III and IV), which are 
valency-isomerides related to one another much like the two 
Kekulé individuals of a substituted benzene, and even more 
exactly like the bridged and double-bonded phases of the benzene 
nucleus by the aid of which the totality of aromatic transform- 
ations may, with large gain in uniformity, be interpreted (this vol., 
pp. 1133, 1143). 

On general grounds, it may reasonably be said that the principal 
factor affecting the mobility of a tautomeric system is the simplicity 
of the mechanism of the isomeric change involved: valency- 
isomerides are more easily interconvertible than isomerides which 
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jifer by the position of a hydrogen atom; the straight-chain, 
three-carbon system in the glutaconic esters is more mobile than 
the cyclobutane ring-chain three-carbon system (future communi- 
ation), and so forth. If, therefore, means could be found 
of stopping the enolisation of the types (I) and (II), we should 
expect to observe a large decrease of mobility; for interchange 
between the bridged and double-bonded forms could now no longer 
occur by rearrangement of valencies alone, and the only available 
mechanism would be a cyclopropane ring-chain conversion 


. CX°CYZ _. a X-C[H]YZ 
CRS CHAB —_ CR Gap : 
({H] = mobile hydrogen atom.) 
analogous to the cyclobutane changes referred to above. This 
change involves the migration of a hydrogen atom, and therefore 
we are led to anticipate that if the ketone groups in the types (I) 
and (II) were replaced by methylene groups the change 


. CX—CY _. a X-CfH]Y 

(v.) CR3< CrHZ- bu, == cR,<f. H, (VI.) 
would occur only in the presence of acids or alkalis or at a high 
temperature. Such changes, occurring in the presence of reagents, 
are doubtless at the root of much that is difficult to understand in 
camphor chemistry; and, indeed, Meerwein and van Emster have 
already been forced to postulate an equilibrium between camphene 
and tricyclene in order to explain their observations on these 
compounds (Ber., 1920, 53, [B], 1828) : 


CMe, C:CH, CMe,———C-CH,[H] 
H-CH,-CH( ae  sfinaadanael 
H,—-— CH[H] H,—-——CH 


There are several well-known camphor derivatives belonging to 
type (V), one of the most familiar examples being «-campholytic 
acid, the usual formula for which is (VII). Obviously, however, 
the bridged formula (VIII) has to be taken into account, for, in 
view of what is known with regard to such reactions, there seems 
to be no a priori reason why either or both of the converse changes 


. : CMe———-CH _. re AO 
(vin) CMe,< CH(CO,H) OH, CMe,<f (CO,H)-OH, (VIII.) 
should not take place in the presence of suitable reagents. 

The evidence usually quoted in favour of the accepted formula 
(VII) is far from satisfactory. The staple argument seems to be 
that Perkin and Thorpe obtained «-campholytic acid by the action 
of alkalis on the bromocyclopentane acid (IX) (T., 1904, 85, 147). 
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We know, however, that the production of a cyclopropane ring is 
the normal course of such a reaction. y-Bromo- 68-dimethylbutyric 
acid (X) gives dimethylcyclopropanecarboxylic acid (XI) (Blane, 
Bull. Soc. chim., 1905, [iii], 33, 902), «-bromo-8-dimethylglutaric 
acid gives caronic acid, and even a-bromoglutaric acid, which 
might perhaps be expected to yield glutaconic acid, gives chiefly 
cyclopropanedicarboxylic acid on treatment with alkalis; so great 
is the tendency for the hydrogen atom adjacent to a carboxy] 
group to suffer elimination as hydrogen bromide in these cases, 
Perkin and Thorpe’s synthesis of «-campholytic acid from the 
y-bromo-acid (IX) is therefore to be regarded as one of the strongest 
pieces of evidence against the formula which it is usually held to 
support; obviously, the elimination of hydrogen bromide from 
the acid (IX) should give rise to an acid of the bridged constitution 
(VIII), which, on other grounds, appears as a reasonable mode of 
formulation for «-campholytic acid : 


CBrMe——CH (ie 
x.) CM 2 —> CM s 
rar S ° CH (CO,H)- OH, °GH(C0,H)- oo 
CH,Br CH 
x.) CM 2 —> CMe, <¢Hs XI 
(&)  CMes< cr c0,H CMes<trrco,n 


There remain, however, reasons for retaining formula (VII), the 
chief consisting in the analogy with «-campholenic acid. No one, 
hitherto, appears to have succeeded in obtaining any definite 
oxidation products from a-campholytic acid, but the constitution 
of a-campholenic acid (XII) seems to be well established by its 
oxidation to ketoisocamphoric acid (XIII) and isocamphoronic acid 
(XIV) (Tiemann, Ber., 1896, 29, 3014), the structure of which 
has been proved by synthesis (Perkin, T., 1899, 75, 897) : 


Cie ———————_0H COMe 
CM — CM —> 
* CH (CH,-CO,H)- ——* ° SCH (CH,-CO,H), 
(XIL.) (XIII.) 


CO,H 

CH(CH,°CO,H), 

Both «-campholytic acid and «-campholenic acid undergo isomeric 
change on heating with mineral acids giving isolauronolic acid (XV) 
and §-campholenic acid (XVI) respectively : 


(XIV.) CMe,< 


(XV.) OMe, <CMe-¢-CO,H CMe, <CMe- *CH,°CO,H 


XVI. 
CH,: CH, CH, CH, — 


The constitutions of both these acids have been established by 
oxidation (Kénigs and Meyer, Ber., 1894, 27, 3466; Perkin, T., 
1898, 73, 802; Blanc, Compt. rend., 1900, 130, 840; Bouveault, 
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pull. Soc. chim., 1896, [iii], 19, 565), and there can be no reasonable 
doubt as to the similarity of mechanism of the changes by which 
they are produced. These considerations strongly suggest the 
tention of formula (VII) for «-campholytic acid owing to the 
aalogy with the formula (XII) of «-campholenic acid. 

Considered collectively, then, the existing evidence relating to 
the structure of «-campholytic acid is of a somewhat ambiguous 
character, and therefore it appeared desirable to apply to this acid 
the methods which were used in studying the cases of intra-annular 
tautomerism met with in the earlier investigations belonging to 
this series (Joc. cit.). We have accordingly made a careful examin- 
ation of the oxidation products obtained from «-campholytic acid 
uder a variety of experimental conditions. 

It will be recalled that the acid (XVII), for instance, is oxidised 
by alkaline permanganate very smoothly in accordance with the 
jouble-bonded formula assigned to it, whilst evidence of the bridged 
frm (X VITI) can be obtained by the use of eold ferricyanide, which 
oxidises it to caronic acid : 


(CO,H):CH-CO,H _.~ ayy a 
H,——CO = CMe< fi bo 
(XVIL) (XVIIL.) 

Qn oxidising «-campholytic acid by alkaline permanganate, clear 
evidence was obtained of the unsaturated structure, the principal 
products being the dihydroxydihydro-acid (XIX) and 38-keto-f- 
carboxy-yy-dimethylhexoic acid (XX) : 

<CMe(OH)—CH-OH = CMe, <COMe ¢O,H 


CH(CO,H)-CH, CH(CO,H)-CH, 
(XIX.) (XX.) 


C 
'M 
CMe,< C 


VI.) —> CMe, 


Similar results were obtained using alkaline chlorate in the presence 
of osmium tetroxide at 60°, but in this instance further evidence 
as to the mechanism of the oxidation was furnished by the isolation 
of a«-dimethyltricarballylic acid, CO,H-CMe,*CH(CO,H)-CH,-CO,H 
(XXI), which has been well characterised by other workers. 

When, however, «-campholytic acid was oxidised over a period 
of several weeks with cold acidified chlorate and osmium tetroxide, 
the product contained, not only all the above acids, but also two 
others the formation of which plainly points to the existence in 
acid solution of the bridged individual (VIII). 

One of these was the acid C,H,,0;, usually called Balbiano’s 
acid, the constitution of which has been very recently established 
by Kon, Stevenson, and Thorpe (this vol., p. 654), who have proved 
that this substance is a hydroxycyclopropane acid of the formula 

VOL, CXXI. 3H 
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(XXII) in tautomeric relation with its open-chain isomeride (XXIII) 
and the lactonic modification of the latter : 


CMe-CO,H CHMe-C0,H 
<E ((OH)-CO,H = CMS 60.00, H 


It will at once be evident that neither of the individuals (XXII) 
or (XXIII) is capable of being represented as a direct oxidation 
product of the double-bonded form (VII) of «-campholytic acid, 
On the other hand, the hydroxy-ring acid (XXII) is the normal 
oxidation product of the bridged individual (VIII) : 


CMe-CH,-CH,-OH Me-CO,H 
C(OH)-CO,H C(OH)-C0,H 


It appears significant, in view of the well-known influence of 
acids in accelerating the change from «-campholytie acid into iso. 
lauronolic acid, that Balbiano’s acid was not produced, and, in 
fact, no evidence of the bridged individual of «-campholytic acid 
was obtained, by oxidation in alkaline solution. The change from 
a-campholytic acid into isolauronolic acid is a most remarkable 
one if considered from the point of view of the double-bonded 
formula for «-campholytic acid; it is, however, much more easily 
represented by the aid of the bridged formula (VIII), and in the 
earlier stages of these experiments we held the view that campho- 
lytic acid passes by way of its bridged form into isolauronolic acid 
in the presence of acidic reagents : 


(XXII.) CMe, (XXIIL.) 


(VIL) —> CMe,< —> CMe,<h 


Me CMe,——CH, 
MES cfile H): om, —> MeC<0C0,H)-CH, 


Towards the end of 1920, however, Meerwein and van Emster’s 
paper appeared : these workers conclusively proved that tricyclene 
was not (as was then generally supposed) an intermediate product 
in the isoborneol-camphene transformation. About the same 
time, Professor Robinson told us of his explanation (since published, 
Mem. Manchester Phil. Soc., 1920, 64, ii, 4) of the conversion of 
a-campholytic acid into isolauronolic acid. Now, although we do 
not find in the results of our own experiments any clear evidence 
for or against Robinson’s explanation of the mechanism, there can 
be no doubt that, from the point of view chosen, it is the most 
detailed and strictly logical explanation that has yet been proposed, 
and therefore it is necessary to examine its bearing on the inter- 
pretation of the experiments here described. We need only 
consider Robinson’s first stage, which consists in the addition of 
the elements of water to the double-bonded formula for campholytic 
acid, It will be evident that the hydroxy-acid (XXIV) formed in 
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this way is capable of undergoing oxidation (similarly to the bridged 
form of campholytic acid), giving a dihydroxy-acid (XXV) which 
would at once pass into the hydroxy-ring form of Balbiano’s acid 
(compare Kon, ae and Thorpe, loc. cit., p. 657) : 


CMe(OH)-—CH, CMe(OH)-CH,°CH,OH __, 
° SCH (CO, H)- oan —> CMes<o55(0H)-CO,H 
(XXIV.) 
CMe(OH)-CO,H Me:CO,H 
CMes<o(0H)-00,H > OM “oneal -COsH 

(XXV.) (XXIL.) 
Evidently then, there are two alternative ways in which Balbiano’s 
acid can be formed by oxidation, and therefore it became necessary 
to decide between them. This has been accomplished, and the 
results clearly show that, whatever may be the truth regarding 
the change which results in the formation of isolauronolic acid, 
the oxidation of «-campholytic acid cannot be accounted for by 
any mechanism depending on the preliminary addition of water 
to the double-bonded individual as suggested by Robinson. 

The hydroxy-acid (XXIV) is evidently capable of oxidation to 

a lactonic acid of the composition C,H,,0,, its structure being 
represented by formula (X XVI): 


(Me, 


CMe’CO,H 
(XxIV.) —> Cay nate CO,H _—“s CMe 0 
(CORB )s * CH,-CO 
(XXVI) 


This lactonic acid is therefore to be regarded as capable of being 
derived from the double-bonded form of campholytic acid by 
addition of water and then oxidation. On the other hand, the 
bridged individual could, by a corresponding series of transform- 
ations, yield two such lactonic acids, corresponding with the two 
ways in which hydrolytic fission can occur at the bridge. According 
to one mode of fission, the primary product would be the hydroxy- 
acid (XXIV), and the ultimate oxidation product the lactonic 
acid (XX VI). According to the other mode, the primary product 
would be the isomeric hydroxy-acid (XXVII), and the ultimate 
product the lactonic acid (XXVIII) : 


Come ——_ Cl, /oHMeCO,H 00, 
(XXVII.) CMe, -- —> CMe, ——— > 
\\c(OH)(CO,H)-CH, \C(OH)(CO,H), —™° 
CHMe-CO 
CMe -O (X XVIII.) 
CH-CO,H 


The lactonic acid (XX VI) may be formed, therefore, from either 
3H 2 
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modification of campholytic acid, but the lactonic acid (XXVIII) 
can only be obtained from the bridged individual. The lactonic 
acids (XXVI and XXVIII) are known and have very similar 
properties. However, the lactonic acid obtained along with Bal. 
biano’s acid by the oxidation of «-campholytic acid by cold chlorate 
and osmium tetroxide in acid solution was conclusively proved to 
have the structure (XXVIII) by direct comparison with a synthetic 
specimen. The production of this lactonic acid along with Bal. 
biano’s acid appears to leave no room for doubt as to the existence 
in acid solution of the bridged individual of campholytic acid. 


EXPERIMENTAL. 


The «-campholytic acid required for these experiments was 
prepared from sodium ethyl camphorate by the electrolytic method 
described by Walker (T., 1893, 63, 475; 1895, 67, 347; 1900, 77, 
383). This process was found to be much more convenient than 
the method of Noyes (Amer. Chem. J., 1894, 16, 310; 1895, 17, 
424; 1900, 24, 290), depending on the action of bromine and alkali 
on camphoramic acid. 


(A.) Oxidation of «-Campholytic Acid by Cold Alkaline Perman- 
ganate ; Formation of ys-Dihydroxydihydrocampholytic Acid 
and §-Keto-8-carboxy-yy-dimethylhexoic Acid. 

The «-campholytic acid (7 grams), dissolved in 25 c.c. of 2N- 
aqueous sodium carbonate, was treated with 3-16 per cent. aqueous 
potassium permanganate until no further decoloration took place 
in the cold. The quantity of permanganate decolorised corre- 
sponded with the absorption of three atoms of oxygen. The 
suspension was boiled and filtered, and the oxides of manganese 
thoroughly exhausted by suspending in water and passing a current 
of steam. The combined aqueous filtrates were acidified with 
hydrochloric acid, evaporated to a small bulk, and extracted with 
ether. The mixture of acids obtained in this way slowly set to a 
paste of crystals, which were drained as thoroughly as possible on 
porous porcelain, and then triturated with ether. 

y8-Dihydroxydihydro-«-campholytic Acid.—The constituent in- 
soluble in cold dry ether was crystallised, first from a large quantity 
of boiling ether, and then from ethyl acetate, and separated in 
large, lustrous prisms, m. p. 159—160°. It was identified by 
analysis and by direct comparison with the dihydroxy-acid obtained 
by the oxidation of «-campholytic acid with sodium chlorate and 
osmium tetroxide (Found: C = 57-6; H = 8-5. C,H ,,0, requires 

C = 57-4; H = 8-5 per cent.). 

The diacetyl derivative was prepared by boiling the acid with an 
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excess of acetyl chloride for half an hour, after which the evolution 
of hydrogen chloride had ceased. The solution was evaporated 
over solid potassium hydroxide in an evacuated desiccator, and 
the erystalline residue purified by crystallisation from a mixture of 
light petroleum and ether. It separated in small needles, m. p. 
122°, which were very soluble in all the usual solvents excepting water 
and light petroleum (Found: C = 57-7; H=7-6.  CygHoO, 
requires C = 57-3; H = 7:3 per cent.). 

§-Keto-8-carboxy-yy-dimethylhexoic Acid—The acid which dis- 
solved in the cold dry ether (above) slowly solidified when the 
solvent had evaporated. It was crystallised first from ether and 
then from ethyl acetate, and was obtained in needles, m. p. 119— 
121°. It was identified with the substance (p. 1551) obtained by 
oxidation with sodium chlorate and osmic acid (Found: C = 54:2; 
H=7:3. C,H,,0; requires C = 53-5; H = 6-9 per cent.). Suf- 
ficient material was not available for an extended examination, 
but the substance certainly appeared to yield condensation products 
with the usual reagents for ketones. 


(B.) Oxidation of «-Campholytic Acid by Means of Sodium Chlorate 
and Osmium T'etroxide in Alkaline Solution at 60° ; Formation 
of y5-Dihydroxydihydrocampholytic Acid and «a«-Dimethyltri- 
carballylic Acid. 


A solution of «-campholytic acid (5 grams) in a small excess of 
2N-aqueous sodium hydroxide was mixed with an aqueous solution 
(250 c.c.) of sodium chlorate (20 grams) and osmium tetroxide 
(0:3 gram). The mixture was kept in a thermostat at 60° for 
thirty-six hours, then acidified by means of hydrochloric acid, 
evaporated to a small bulk, and extracted with ether. The residue 
which was left when the ether had evaporated rapidly solidified. 
On triturating with cold dry ether, an insoluble residue remained, 
which, after several crystallisations from ethyl acetate, yielded the 
lihydroxy-acid (p. 1548) in a state of purity. The other main 
constituent of the product insoluble in ether was an acid, m. p. 170°, 
which contained chlorine and was not further investigated. 

ax-Dimethyltricarballylic Acid—The portion of the oxidation 
product soluble in cold dry ether was recovered as a gum, which 
refused to solidify. It was therefore dissolved in barium hydroxide 
solution, and the sparingly soluble barium salts were collected 
and decomposed by means of hydrochloric acid. The regenerated 
acids, which were isolated by extraction with ether, were obtained 
in a crystalline condition by rubbing with cold chloroform, and 
then crystallised twice from water. The product obtained in this 
way formed minute prisms, m. p. 156—157°, and was identified 
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as dimethyltricarballylic acid by analysis (Found: C = 474, 
H=6-1. Cale., C = 47-1; H = 5-9 per cent.), and by a careful 
comparison of its properties with the descriptions given by Barthe 
(Compt. rend., 1897, 125, 183) and by Haller and Blane (ibid, 
1900, 131, 21). 


(C.) Oxidation of «-Campholytic Acid by Means of Chloric Acid and 
Osmic Acid in Acid Solution at 20° ; Formation of y8-Dihydroxy. 
dihydrocampholenic Acid, 5-Keto-8-carboxy-yy-dimethylhexoic 
Acid, the Lactone of y-Hydroxy-«$-trimethylglutaric Acid, 


y-Keto-aB8-trimethylglutaric Acid, and ««-Dimethyltricarballylic 
Acid. 


a-Campholytic acid (30 grams) was mixed with a solution of 
sodium chlorate (95 grams), glacial acetic acid (20 grams), and 
osmium tetroxide (1 gram) in 1500 c.c. of water. The mixture was 
kept at the ordinary temperature for several weeks, then filtered 
from a small amorphous deposit, and evaporated to dryness. The 
residue was evaporated twice with water in order to remove acetic 
acid, and then dissolved in water and extracted with ether. The 
residue from the ether was left until it had solidified, and was 
then boiled with dry ether in order to separate the main bulk of 
the sparingly soluble dihydroxy-acid. The residue from the ether 
was seeded with a trace of the original mixture and allowed to 
resolidify (this took several days), and then triturated with cold 
benzene until the more soluble portion appeared to have been 
completely removed. 

Lactone of y-Hydroxy-«88-trimethylglutaric Acid.—The acids which 
were sparingly soluble in benzene were subjected to repeated frac- 
tional crystallisation from benzene and ethyl acetate employed alter- 
nately. In this way three products were obtained: (i) the 
dihydroxy-acid mentioned above, m. p. 159—160°; (ii) an acid 
which separated from benzene in long needles, m. p. 165—166°; 
(iii) an acid product, m. p. 148—150°. The last crystallised as a 
single substance and was free from chlorine, but its carbon and 
hydrogen content did not correspond with any definite formula, 
so that it was ultimately supposed to be a mixture and its investi- 
gation was abandoned. The substance, m. p. 165—166°, gave 
figures corresponding with the formula C,H,,0,, and on titration 
(by dissolving in excess of alkali and titrating the excess) behaved 
as a dibasic acid. It was at first supposed that this substance was 
a-methylearonic acid (trimethylcyclopropanedicarboxylic acid), but 
on further investigation it was discovered that, when titrated by 
the direct method, the substance behaved as a monobasic acid, 
and, in fact, had all the properties of a lactone. Ultimately it was 
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identified with the lactonic acid which Balbiano prepared first by 
reduction of his oxidation product C,H,,0, of camphoric acid 
(Ber., 1894, 27, 2136) and later by elimination of hydrogen bromide 
from y-bromo-«8-trimethylglutaric acid (Atti R. Accad. Lincei, 
1399, [v], 8, I, 426), by direct comparison and the mixed-melting- 
point test with a specimen obtained by the second of Balbiano’s 
methods [Found : C = 55:8; H= 7-0. Cale., C = 55:3; H = 7-0 
per cent. Equivalent (direct titration) = 171. Cale. 172. Equi- 
valent (back titration) = 86-7. Cale. 86]. 
y-Keto-«88-trimethylglutaric Acid.—The acids which dissolved in 
cold benzene showed but little tendency to crystallise, and therefore 
were dissolved in a small excess of barium hydroxide and the 
insoluble barium salts collected. The main constituent of the 
acids regenerated from these insoluble salts was a«-dimethyltri- 
carballylic acid (above). The soluble barium salts were decomposed 
with hydrochloric acid and the organic acids extracted with ether, 
and, after evaporating the ether, mixed with chloroform, which 
caused the separation in the crystalline state of a small amount of 
the ketonic acid described on p. 1549. The gummy acids were 
dissolved in an exact equivalent of ammonia, treated with calcium 
chloride, and the solution evaporated to a small bulk. The salt 
which separated was collected after cooling, washed with cold 
water, and decomposed with hydrochloric acid. The regenerated 
acid solidified fairly readily, but as it did not appear to crystallise 
well from solvents, was prepared for analysis by washing with 
chloroform. It was identified by its melting point, 119—120°, 
by analysis (Found: C=513; H=6-6. Cale, C= 51-1; 
H = 6-4 per cent.), by its conversion on heating with sulphuric 
acid into trimethylsuccinic anhydride, by the melting point of its 
condensation product with o-phenylenediamine, and, finally, by 
direct comparison and a mixed-melting-point determination with 
the substance described by Kon, Stevenson, and Thorpe (this vol., 


p. 663). 
We wish to thank the Chemical Society for a grant which has 
defrayed much of the expense of this work. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, June 14th, 1922.] 


1552 CHANDRASENA AND INGOLD: BFFECT OF ATTACHED GROUPs 


CLXXXIV.—Effect of Attached Groups on the Ease of 
Formation of the cycloPentane Ring. 


By Juan PepicE CHARLES CHANDRASENA and CHRISTOPHER 
KeELK INGOLD. 


THE broad fact that ease of ring formation reaches a maximum 
in cyclopentane and cyclohexane compounds is in good general 
agreement both with the original strain hypothesis of Baeyer and 
the modification of it which was recently suggested (Ingold, T,, 
1921, 119, 305) as being more closely in accordance with experi- 
mental data and more reasonable on general grounds. The six 
of the homocyclic ring, however, is by no means the only factor 
which influences ease of formation, and it is only by means of the 
modified strain hypothesis that it becomes possible to trace the 
influence of attached carbon chains on the ease of formation of a 
given type of ring. Reference has already been made (loc. cit.) to 
the striking effect of the gem-dimethyl group, and of quaternary 
groupings in general, in assisting the closure and augmenting the 
stability of those rings (cyclopropane, cyclobutane, and cyclopentane 
rings) the internal angles of which are less than 115-3°; reference 
has been made also to the manner in which such groupings are 
disposed in natural products so as to relieve to a maximal extent 
the strains inherent in the ring-system (T., 1921, 119, 951). The 
matter is very well illustrated as regards cyclopentane ring-formation 
by the conversion of substituted acids of the adipic acid series 
into cyclopentanones. Using a standard method of ring closure, 
Blanc found (Compt. rend., 1907, 144, 1356) that ««-dimethyladipic 
acid was converted into dimethylcyclopentanone much more 
smoothly than adipic acid is into cyclopentanone, and Perkin and 
Thorpe showed (T., 1904, 85, 138) that y-carboxy-««-dimethyl- 
adipic acid gave the corresponding cyclopentanone-acid in quan- 
titative yield when its sodium salt was boiled with acetic anhydride, 
a method of ring closure which fails when applied to adipic acid. 
In these cases only one gem- or quaternary grouping was present 
in the open-chain acid and in the cyclopentanone formed. It is to 
be expected on the basis of the hypothesis outlined (loc. cit.) that 
the introduction of a second quaternary grouping would materially 
enhance the tendency towards ring-closure, and in the present 
paper a case is described in which the formation of a cyclopentanone 
takes place with quite extraordinary facility under the influence of 
two quaternary groupings. The substituted cyclopentanone was cam- 
phor, the general stability and ease of formation of which appear 
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to be guaranteed by its wide occurrence in nature (loc. cit.). The 
open-chain acid was trans-dihydrocampholenic acid, which, when 
obtained by reduction of campholenic acid, passes spontaneously 
into camphor in aqueous solution at 60°: 


° *CO,H 
. * COH me on «= 7 
H, H CO 
: ~~? H, 
H 
H 2 Me 4 
Me Me Me h Me H 
trans-Dihydrocampholenic Camphor. cis-Dihydrocampholenic 
acid, acid. 


Mahla and Tiemann (Ber., 1900, 33, 1934) obtained a dihydro- 
campholenic acid by hydrolysis of the nitrile prepared from cam- 
phorimine. No configuration was assigned to this acid, but, in 
view of its stability, there can be no doubt that it is the cis-modi- 
fication. It will be evident from the space formule (above) that the 
cis-acid is not capable of undergoing conversion into camphor in 
the same way as the trans-acid. 

The method employed in order to reduce the campholenic acid 
was an unusual one; the acid was warmed at 60° with an aqueous 
solution of calcium hydroxide containing silver oxide in suspension. 
There are a number of examples on record which prove that silver 
oxide frequently gives products of reduction of compounds that 
are difficult to reduce in any other way (compare T., 1915, 115, 
1098). In the present instance, however, the dihydro-acid, or 
rather the camphor into which it passed by loss of water, was not 
the sole or even the chief product of the reaction, since a large 
proportion of the material became oxidised to a ketonic acid. This 
acid, which has the composition C,)>H,,03, is unsaturated, gives a 
semicarbazone, and behaves towards concentrated sulphuric acid 
like an «-ketonic acid; there appears to be no doubt that it is 
a-ketocampholenic acid. 


CH=CMe CH,-CHMe CH=CMe 

| >CMe, — | >CMe, and | >CMe, 
CH,-CH-CH,-CO,H CH,CH-CH,CO,H  CH,-GH-CO-CO,H 
* * 


It will be noted that campholenic acid contains but one asym- 
metric carbon atom (*), on which alone its optical activity must 
depend. Dihydrocampholenic acid contains two asymmetric carbon 
atoms (each marked *), and it might therefore be expected that, 
unless something having the nature of an “ asymmetrie synthesis ” 
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has occurred, the acid would be externally compensated as regards 
the carbon atom rendered asymmetric by reduction. Camphor 
contains two asymmetric carbon atoms corresponding with the 
two in the dihydro-acid. Now the synthetic camphor was optically 
active, and, in fact, indistinguishable from ordinary natural camphor, 
the activity of which depends on both the asymmetric carbon atoms 
which it contains. An examination of the space formule shows 
that this result is really in agreement with stereochemical theory 
despite the fact that it involves the production of a second asym. 
metric carbon atom without any external compensation. It js 
ring-formation, of course, that is responsible for the apparent 
anomaly, and it should be possible to base a method of resolution 
of externally compensated compounds on the principle which is 
involved. 


EXPERIMENTAL. 


Optically active «-campholenic acid was prepared from 4. 
camphoroxime through the nitrile as described by Tiemann (Ber., 
1895, 28, 2166). 

A mixture of «-campholenic acid (2 grams), silver oxide (5 grams), 
calcium oxide (1 gram), and water (50 grams) was heated for seven 
days at 60° in a thermostat, the flask being fitted with a specially 
designed condenser-trap in order to prevent any crystalline sublimate 
from returning to the solution. The solution was decanted from 
the thick deposit of silver, faintly acidified with sulphuric acid, 
concentrated to a small bulk, and extracted with ether. 

d-Camphor.—The whole of the camphor generated during the 
reaction collected in the trap, no trace remaining in the aqueous 
liquid. The dried ketone melted at 175° without recrystallisation 
or resublimation and therefore was practically pure. It was shown 
to be identical with natural d-camphor by direct comparison: 
both had the same m. p. (175°), which was not depressed on mixing 
the two specimens; both had the same specific rotation ([«], = 44° 
in alcohol); each gave an oxime (prepared by Nageli’s method, 
Ber., 1883, 16, 497) which had m. p. 120°, the m. p. of a mixture 
of both being 120° also. 

a-Keto-«-campholenic Acid.—The residue from the ether extract 
was obtained in a crystalline condition and then recrystallised from 
dry ether. The ketonic acid separated in small cubes, m. p. 125— 
126° (Found: C = 65-2; H= 7-7. C,)9H,,0, requires C = 65:9; 
H = 7-7 per cent.). The acid instantly decolorises cold alkaline 
permanganate, and gives the usual reactions for ketones. On 
warming with concentrated sulphuric acid, it evolves carbon 
monoxide in the manner characteristic of «-ketonic acids (0-0082 
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m gave 32-8 c.c. of CO at 27-5° and 760 mm., that is 29-8 c.c. 
at W.T.P. CgH,3°CO-CO,H requires CO = 28-1 c.c. at N.T.P.). 
The product which remained in solution in the sulphuric acid was 
neither «-campholytic acid nor $-campholytic acid, but consisted 
chiefly of an uncrystallisable gum. Probably «-campholytic acid, 
the normal product of this decomposition, was formed intermedi- 
ately, as a specimen of this acid, prepared by electrolysis of sodium 
ethyl camphorate (Walker, T., 1893, 63, 495), was found to give a 
very similar gum when heated with concentrated sulphuric acid 
under the same conditions. 

The semicarbazone was prepared by treating an aqueous-alcoholic 
solution of the acid with concentrated aqueous semicarbazide 
acetate. It crystallised from alcohol in colourless needles, m. p. 
214° (Found: N = 17-7. C,,H,,0,N, requires N = 17-6 per cent.). 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutuH KENSINGTON. [Received, June 22nd, 1922.] 


CLXXXV.—The Calculation of the Colour of the Azo- 
dyes and Related Coloured Substances. 


By James Morr. 


TuE method of representing coloured substances by hydroxylated 
formule which may then be “dissected” into a fundamental 
skeleton (or parent-substance) and a number of subsidiary groups 
or linkages (Moir, T., 1921, 119, 1655) has now been applied with 
success to the simpler azo-dyes, and numerical values have been 
found for the required linking-factors, whereby, for example, 


the colour of ionised benzeneazophenol, PhNNC 0’, 


may be calculated from that of ionised phenol as parent substance. 


Hydroxy-compounds. 

Pursuing this example, benzeneazophenol is written as either 
Ph:-N(OH)-NH-C,H,°O’ or Ph-NH-N(OH)-C,H,°0’, and the method 
of calculation is the same as before: the figure representing the 
wave-length of the absorption band of ionised phenol (“ phenoxide 
ion,’ 24287) is multiplied successively by (1) the “ imino-inter- 
position-factor”’ 1-090, (2) the “ oximino-interposition-factor ” 
1-200, and (3) the monocyclic phenyl factor previously found 
(loc. cit., p. 1660) 1-135. The result, A, = 287 x 1-09 x 1-20 x 
1-135 = 426, is the wave-length of the absorption band of the 
benzeneazophenolion. Observation (in water) shows that the centre 
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of the band (which is quite broad as compared with those of dicyelic 
substances) lies at about 4 427. 


In the previous paper, it was shown that the process of caleu.§ 


lating the colour of a complicated substance involves incidentally 
the calculation of the colour of all the substances lying between 
the original and the parent substance (loc. cit., p. 1658). 

Applying this principle here, we calculate :— 

(1) NH,N(OH)C ou or NHIN-C,H,OH; 2 = 287 x 
1-09 x 1-20 = 1376. 


(2) PhN(OH)X OH or PhNxX ‘0 (quinoneanil), », = 
287 x 1-20 x 1-135 = 2392. 7 


(3) H-N(OH OH or NH x0 (quinoneimide), 2, = 
287 x 1-20 = 4345. 

The first of these substances does not appear to have been made; 
observations on the other two agree sufficiently well with the 
calculation. In addition, calculation can be made of (4) p-amino- 
phenol: a; = 287 x 1:09 = 1313; (5) p-hydroxydiphenylamine : 
Ae = 287 x 1-09 x 1-135 = 1356; and (6) p-hydroxyphenylhydr- 
azine: A; = 287 x (1-09)? = 24341, but since these are leuco- 
compounds, it is uncertain at present whether they can be made 
to exhibit the required absorption by choosing a suitable solvent 
and hydrion-concentration. 


Amino-compounds. 


By applying the monocyclic colour factors already discovered 
(loc. cit., p. 1660), the aminoazo-dyes and their N-methyl deriv- 
atives can also be calculated as regards colour. 

On the page referred to, the amino-factor is given as 1-14 and the 
dimethylamino-factor as 1-222. I now find from a closer scrutiny 


of all the compounds that there are really two partly-superposed 
absorption bands in all these substances, which sometimes coalesce 
almost completely, giving the impression of one broad band (50 pp 
wide), for which the above factors 1-14 and 1-222 were calculated. 

The real amino-factor is 1-10 and 1-18 and the real dimethyl- 
amino-factor is 1:19 and 1-27, the lower number referring to the 
lower band and the higher number to the higher band in each 
case. 

Applying these to the foregoing hydroxy-compounds, we 
calculate : 

(a) p-Aminoazobenzene, A, = 287 x 1:09 x 1-20 x 1-135 X 
(1-10 and 1-18) = 24469 and 503. Observation gives, in slightly 
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aid solution, a broad band with centre at about 497, really two 
vague bands at 478 and 510 overlapping. This agreement is not 
so good as in the case of the others, 

(b) Quinonephenyldi-imine or iminoquinoneanil, 

‘ _, = 4: 
Ph N(OH\K DN: = PhN«< _)-NH, 
is the foregoing minus the NH linkage, 2, = (469 and 503)/1-09 = 
3,430 and 462. This substance was observed to have 2 450 broad 
when acidic, but there are probably two bands at 430 and 465 
overlapping. 

(c) p-Aminophenylhydroxylamine, NH(OH)C NH, = hydr- 
ated quinone-di-imine, A, = 287 X 1-20 x (1-10 and 1-18) = 24 380 
and 408. 

This also agrees sufficiently well with observation, but the sub- 
stance is too unstable in acidified water to be examined, as it 
changes to azoaniline. The free substance, Willstatter’s quinonedi- 
imine, was observed photographically to have A about 340 in 
ethereal solution. 

The calculated values for (d) p-phenylenediamine and (e) p-amino- 
diphenylamine are respectively 4 344 and 370 and A 392 and 420, 
but the colours appear to be latent in these leuco-compounds. 


Dimethylamino-compounds. 


The following are calculated, using the factors given on p. 1556. 

(f) Dimethylaminoazobenzene (butter-yellow) : 4, = 426* x (1-19 
and 1-27) = 4507 and 541. Observation gives 44508 and 543, 
the two bands being well separated. Closer agreement between 
theory and observation is not to be expected until the third place 
of decimals in the colour-factors shall have been ascertained. 

@) PhN(OH)X >NMe, = PhN:{ _>:NMe,Cl. The caleu- 
lated bands are A 466 and 497. 


(h) NH(OH) NM. The calculated bands are 44 411 and 
438. 

By observation, the main band of this substance is at A 670, 
but there is also a faint band at about 430. 

Next, by introducing monocyclic substitution-factors analogous 
to those given in A., 1921, 120, ii, 6, we may calculate the colour 
of methyl-orange, methyl-red, etc. The p-sulphonic acid-factor 
is 0-98, the m-sulphonic acid-factor is 0-99, and the o-sulphonic 
acid-factor is about 1-02. The corresponding p-, m-, and o-carb- 


* » for benzeneazophenol already ascertained, 
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oxyl factors are closer to unity, namely, about 0-99, 0-995, and 
1-01, respectively. The factors are larger when the groups are 
in the other ring, that is, in that containing the auxochrome group, 
for example, 1-05 for carboxyl meta to the auxochrome and ortho 
to the linkage (loc. cit., p. 1660, B of first table). 

Methyl-orange : Calculated 22497 and 530. Observed 2) 498 
and 534. 


Methyl-red : Calculated 44512 and 547. Observed 24514 and 548, 


Coloured Substances Related to the Azo-dyes. 


At the beginning of this paper two “ interposition-factors ” 
were given by means of which the colours of all the foregoing 
substances have been calculated. By introducing now two more 
factors of this kind, namely, the “ methylene-interposition-factor ” 
(value 0-92) and the “ carbinol-interposition-factor ’’ —CH-OH- 
(value 1-01), we can calculate the azomethine and the stilbene 
colours. 

(1) p-Hydroxybenzylideneaniline is written 


_ : 
HOC _ >CH(OH)-NHPh 


or HO CH, 'N(OH)Ph. From the first formulation, the 


calculated band is 287 (phenoxide) x 1-01 (carbinol) x 1-09 
(imino) x 1-135 (phenyl) = 1358; from the second formulation, 
the calculation is 287 x 0-92 x 1-20 x 1-135 = 1358 also. In 
fact, the ratio of the oxidised to the unoxidised linkages, namely, 
CH-OH/CH, and NOH/NH, is the same, namely, exactly 11/i0. 
It follows from this that the isomeric substance benzylidenc-p- 


aminophenol, Ph-CH:NC OH, which, when written in the 


hydroxylated form, becomes either Ph-CH(OH)-NHC ~ NOH or 


——/ 


Ph-CH,:N (OH) ~ NOH, must have the same absorption band as 
’ ea 


p-hydroxybenzylideneaniline. Observation shows this to be the 
case, both substances possessing a band at about A 360. 

(2) p-Dimethylaminobenzylideneaniline and benzylidene-p-amino- 
dimethylaniline constitute another pair of different azomethines 
which have the same absorption bands. The four formule 

Ph-NH-CH(OH)-C,H,-NMe,, Ph-N(OH)-CH,°C,H,-NMe,, 
Ph-CH,*N(OH)-C,H,-NMe,, 
and Ph-CH(OH)-NH-C,H,-NMe,, may be employed to calculate 
the bands, all giving the same result, namely, 2, = 358 (the hydroxy- 
compound above) x (1-19 and 1-27) = 24427 and 456, Observa- 
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tio shows that both substances have bands at about 4A 430 and 
457.* 
(3) p-Dimethylaminostilbene. This is written as 
Ph-CH,°CH(OH)-C,H,-N Me, 

and gives calculated values for the bands 4A 360 and 385. Observa- 
tion shows that only the lower band is present (A 360). The two- 
banded spectrum of the aminoazo-dyes has disappeared when 
only one nitrogen atom is present in the molecule; it is therefore 
probably due to two simultaneous orbits, one passing from the 
auxochrome to the nearer nitrogen atom and the other from the 
auxochrome to the outer nitrogen atom. 

(4) p-Hydroxystilbene. This gives the calculated value 4 302. 
Hewitt, Leweock, and Pope (T., 1912, 101, 609, curve IV) give 
1329 as the value for the substance in alkaline solution, and 4 308 
for the substance in neutral alcoholic solution. This must be 
classed as a disagreement with theory, because it is the alkaline 
phase which should agree with the calculation. 

We can next calculate the colour of all the important substances 
lying between the azomethines (or stilbenes) and the parent substance. 

Name and Formula. A Cale. A Obs. 


(a) p-Hydroxybenzaldimine, 
HO-C,H,CH:NH, or methylene- 


p-aminophenol, HO-C,H,-N:CH, 316 for both — 
(b) p-Hydroxybenzhydrol, 

Ph-CH(OH)-C,H,OH 329* —_— 
(c) Quinomethane, HO< cH, OH or 

cH, :0 291* — 

i 

(@) Quinol, OHS ou (divide fore-’ 

going by CH,-factor) 316 296 un-ionised 
(e) p-Dimethylaminobenzhydrol, 

Ph-CH(OH)-C,H,-NMe, 392and 418 400 broad 
(f) p-Dimethylaminobenzophenone, 

Ph-CO-C,H,-NMe, about 329 — 
(7) p-Dimethylaminostyrene, 

CH,:CH-C,H,-NMe,, 317 -= 
(hk) p-Hydroxybenzaldehyde, 

HOC cH(OH)-0H 320 330 (ale.) + 
(i) p-Nitrosophenol, HOg N(OH)-OH 379 415 (alc.) + 
(j) p-Dimethylaminobenzaldehyde 381 371 and 355 owas aeid 
(k) p-Nitrosodimethylaniline 452 457 
(‘) p-Dimethylaminobenzoic acid acetate about 330 

405 (ale.) + 


(m) p-Nitrophenol salt 
* This is the same result as before (Moir, Joc. cit., p. 1660, bottom). 
+ Observations by Baly and Tuck. 


* Benzylidene-p-aminodimethylaniline, however, exhibits a higher colour 
(with two bands at AA 517 and 480) when dissolved in glacial acetic acid, in 
this respect differing from its isomeride, 
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We see, therefore, that the whole family has thus been connected 
with the previous work on fuchsone and the monocyclic phthaleing, 
In that work the parent substance was quinomethane (c in the 
above table), which is quinol with the “ methylene-interposition. 
factor.” Using the other three interposition-factors, we get three 
other prototype substances, namely, p-hydroxybenzaldechyde, 
quinoneimide, and p-nitrosophenol, and from these in turn, by 
use of the other interposition-factors, we reach the stilbene, azo. 
methine, and azo-families. 


The Higher Azo-dyes. 

These do not differ much from the lower ones; the main effect 
of complexity is a broadening of the bands with only a slight shift 
towards the red. Thus benzeneazobenzeneazophenol (in alkali) 
is lower in colour than (but very similar to) dimethylaminoazo. 
benzene. The extra C,H;N, group is to be regarded as a mere 
load or substituent on the phenyl ring of the simple azo-dye, and 
all load-factors are known to be not much greater than unity. 
Similarly with the naphthalene compounds, the effect is com. 
paratively small and is due to loading. .The factor for both 
C,H,;N, and for naphthalene/benzene is about 1-15. 

Similarly, congo-red and the other benzidine dyes have colours 

NH, 
corresponding with € p< sf ‘i ') sete. in the simple 
WN 
series. The eolours of the dicyclic azo-dyes can be calculated 
from the dicyclic factors, remembering that the oxidation factor 
is 0-6 (not 1-1), and diminishing the imino-factor NH by 3 per 
cent. (since it is here an interposition factor), that is, -NH- = 0-755. 
The Quinone Family. 

p-Benzoquinone in water has a band at about 4 455 (in alcohol, 
about 4 465), whence the “ oxo-interposition factor ” is about 1-43. 
This value is inconsistent with other evidence requiring a factor 
only slightly greater than unity. Unfortunately, the other members 
of the quinone family, for example, Ph-CH,-0¢ Ou, 
Ph-O-CH,C Sou, etc., have not been examined. Possibly 


there are two factors for different conditions of acidity. 


The Monocyclic Acridine, Phenazine, and Phenoxazine Dyes. 
2-Aminophenazine, as an example, may be written 


iY _ \/ Yay, 
\/N(OHY\/ 
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nd is thus seen to be Ph-N (OH NH, with an imino-group 


abstituting two hydrogen atoms. This requires a factor which 
i; not an interposition-factor, since in using the interposition- 
factors hydrogen is not replaced. The imino-substitution-factor is 
about 1-13, that is, about 3 per cent. higher than the imino-inter- 
ition-factor, as mentioned above in connexion with dicyclic 
qwo-dyes. Hence the colour of aminophenazine is to that of 
aminoazobenzene as 1-03 is to 1. 
There appear to be two oxo-substitution-factors, one about 
|(2 for nearly neutral solutions, and the other about 1-4 for 
strongly acid solutions ; the phenoxazines change from pink to green 
m acidifying. As an ne Meldola’s Blue may be written as 


AVY, 


| . 
a te th 4 ; 
| | N(OH) 

wv 


the calculation is 2, = 287 x 1-20 (NOH) x 1-135 (Ph) x 1-15 
(H,/CgH;) < 1-02 (oxo-substitution) x (1-19 and 1-27) (dimethyl- 
amino-factors) = 24550 and 585. Observation gives 4538 and 580. 

It is finally to be noted as a matter of great theoretical interest 
that the ratio NH/CH, or N/CH or NOH/CH-OH possesses the 
same numerical value, 1-19, in all the colour-families investigated, 
even in the dicyclic series of the previous paper. 


Summary of Monocyclic Colour-factors. 


CH,- interposed in chain .........ccecceeseceeceeccceeccessceseees 0°92 
-NH- ae ce hs | tan ee euandinneeteeiwiaussennentapiopioene 1-090 
-0- - és te SatebpeadnnneeRhatinheruaeeeReeneoens 21:0 and 1°4 
CH:‘OH- _,, di de NON ae menpunaeeeeeebaeensoumedmnancladies 1-01 
-NOH-— ne ae ae 1-200 
H,— as second linkage GO CWO TMIGE  occciccscccseccccescocesoes 20°95 
-NH- er ee ee eee 113 
-0- re ‘i i os ji. Sansheedoecieuumananewens 1-02 and 1°4 
NH,/OH auxochrome = 1:1 (lower band), 4 7 (upper band). 
NMe,/OH ” = 1°19 ” ” ” ” 
Naphthalene /benzene factor = 1°15 
Phenyl factor = 1135 

Addendum. 


Since this was written, I have discovered that Tuck’s fundamental 
observation of 4427 for benzeneazophenol in alkaline solution 
(which I had used in the paper) is somewhat incorrect. The band 
is not broad and single as depicted by Tuck (T., 1907, 91, diagram 
on page 450), but consists of two overlapping narrow bands with 
centres at AA 433 and 395. Tuek’s diagram should show a small 

VOL. CXXII. 31 
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peak at the bottom of the curve opposite oscillation frequency 

2350 (alcohol; 2450, water). Since the double band exists in the 

hydroxy-compounds, two factors are necessary there also. Probably 

the band A 433 corresponds with the formula 
Ph-NH-N(OH)-C,H,-ONa, 

and the band A 395 with the other hydroxylated formula, 
Ph-N(OH)-NH-C,H,-ONa. 

This new conception of “ one formula one band ” is of very great 

importance and will be dealt with in a subsequent communication, 
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CLXXXVI.— Conditions of Formation of Rings 
attached to the o-, m-, and p-Positions of the 
Benzene Nucleus. Part I. The Action of Sodium 
on 0-Phenylenediacetic Ester. 


By Wrtu1am Henry PERKIN, jun., and ALAN Francis Trriey. 


THE present communication is an introduction to a series of 
researches which has for its principal objects, (i) the determination 
of the limit of size of rings which can be attached to the o-position 
in the benzene nucleus, and (ii) the investigation of the possibility 
of synthesising such rings in the m- and p-series. It is proposed, 
in the first place, to study the action of sodium on such types of 
o-esters as the following : 


( \\{CH,],CO,Et ‘4 ‘\{CH,].°CO,Et 
\_ / CO,Et \ / 1CHg),"CO,Et 
and then to investigate the changes which take place when the 
reaction is carried out with the corresponding esters of the m- and 
p-series.* The present communication embodies the results of a 
preliminary examination of the action of sodium on o-phenylene- 
diacetic ester (I). 
The solution of this ester in toluene reacts readily with granulated 


* The only investigation of ring formation of this kind which appears 
to have been carried out previously is due to Kenner (T., 1913, 108, 613), 
who studied the action of sodium on 2: 2’-ditolyl-ww’-dicarboxylic ester, 
C.H,°CH,°CO,Et 

, and states that 3: 5-dibenzo- /\3:5-cycloheptadiene- l-one-2- 
C,H,'CH,"CO,Et 
CeHyCHe\ oo 
carboxylic ester, | oi , is produced to the extent of 80 per cent. 
CysH,—CH’CO,Et 


‘ings 
the 
ium 
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odium at 100° with the separation of the sodium derivative of 
.hydrindone-1-carboxylic ester (II) in a yield of 90 per cent. of that 
theoretically possible. 


J\ / Hg CO2 Et J\ /PBe 
a) | | — | | oo (II.) 
\/NCH,CO,Et \/\ona‘C0,Et 
CHa, 
2-Hydrindone-1-carboxylic ester, CoH /O (Ila), obtained 
CH-CO,Et 


fom the sodium derivative by acidifying, melts at 65° and dis- 
glves readily in sodium hydroxide with the formation of the 
above sodium derivative, which is rather sparingly soluble and non- 
hygroscopic. The alcoholic solution of the ester gives a deep purple 
coloration with ferric chloride and yields, with copper acetate, a 
aystalline copper derivative of uncertain composition. Attempts 
to obtain the free acid from the ester by hydrolysis under a variety 
of conditions have been unsuccessful. The ester is remarkably 
stable to alkalis and is only very slowly changed by contact with 
dilute methyl-alcoholic potassium hydroxide in the cold or indeed 
even on boiling on the water-bath. More vigorous hydrolysis with 
a large excess of strong alcoholic potassium hydroxide brings about 
a breakdown of the ring with the formation of o-phenylenediacetic 
acid together with a quantity of resinous material consisting prob- 
ably of condensation products of 2-hydrindone (compare Benedict, 
Annalen, 1893, 275, 353). On the other hand, the ester readily 
suffers hydrolysis on boiling with dilute sulphuric acid, carbon 
dioxide is eliminated and an almost quantitative yield of 2-hydrin- 


aan 
done, CgH, CO (III.), obtained. The alcoholic solution of 
\cH,” 

the ester reacts at once with phenylhydrazine with the simul- 
taneous formation of the phenylhydrazone (IV) and of the phenyl- 
hydrazone phenylhydrazide (V), which melt respectively at 176° and 
187°; the p-nitrophenylhydrazone (m. p. 154°) has also been 
prepared : : 


CH, CH, 
c:N-NHPh CoH Sc:NNHPh (Vv, 


CH:CO,Et CH:CO-NH'NHPh 


Unsuccessful attempts to obtain the corresponding pyrazolone 


led to the observation that the phenylhydrazone loses ammonia 
312 


(Iv.) C,H K 


1564 PERKIN AND TITLEY: FORMATION OF RINGS 


on heating, and this suggested that indole formation probably 
takes place readily. ; 

It was then found that the phenylhydrazone, when heated jn 
acetic acid solution a little above 100°, is completely converted into 
an amorphous product, from which two crystalline substances 
of the empirical formula, C,,H,,O,N, melting at 185° and 244 
respectively, could be separated. 

It seems probable that the substance of lower melting-point jg 
2 : 3-indeno(2:1)indolecarboxylic ester (I) (compare Armit and 
Robinson, this vol., p. 838), 


A \ rite 


ura | | (VE), 
Ni ee et 
NH CH’°CO,Et 

and that the less fusible substance is derived from it by polymerisa- 
tion or isomeric change. The main product of the reaction, 
however, consists of an uncrystallisable resin, and it is probable 
that the indole synthesis is complicated by the presence of the 
carbethoxy-group. 

This suggested that the indole formation from the hydrazone 
of 2-hydrindone itself might repay investigation, and some experi- 
ments on this point were in progress when an account of indole 
synthesis from this ketone was published by Armit and Robinson 
(loc. cit.) ; the work was accordingly discontinued. 

1- Methyl-2-hydrindone-\-carboxylic ester, 


C,H, of "co (VII.), 
CMeCO, Et 
readily obtained by the action of methyl iodide on the sodium 
derivative of 2-hydrindone-l-carboxylic ester, is a liquid which 
boils at 178—179°/25 mm. and yields a semicarbazone (m. p. 200°) 
and a p-nitrophenylhydrazone (m. p. 175—176°). 

On alkaline hydrolysis, this ester yields o-phenyleneacetic-$- 
/PHzCO,H 
*\CHMe‘CO,H 
already been prepared by Moore and Thorpe (T., 1908, 93, 182). 
It was expected that acid hydrolysis would yield 1-methyl-2- 
hydrindone (m. p. 63°), which has been prepared by Wallach 
(Annalen, 1904, 336, 6), but experiment showed that the ester is 
hydrolysed only with great difficulty by acids, the product being 


a red, non-acid syrup, from which no definite substance could be 
isolated. 


propionic acid, C,H (VIIL), m. p. 152°, which has 
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EXPERIMENTAL. 


o-Phenylenediacetic Ester (Formula I).—The starting material 
ysed in the preparation of this ester was o-xylene, which was 
frst converted into o-xylylene dibromide. The dibromination of 
pxylene has been described by Perkin (T., 1888, 53, 5) and rein- 
vestigated by Atkinson and Thorpe (T., 1907, 91, 1696), and a yield 
of about 70 per cent. of the dibromide can be obtained by direct 
dibromination, under the conditions recommended. 

The dibromide was converted into o-phenylenediacetonitrile 
by the action of aqueous-alcoholic sodium cyanide in the manner 
described by Moore and Thorpe (loc. cit., p. 175). It is unfortunate, 
in view of the difficulty of obtaining the necessary starting material— 
pure o-xylene—that the yield in this conversion is by no means 
quantitative, a considerable amount of oily by-products being 
frmed. <A brief study of the effect on the yield, produced by vary- 
ing the proportion of alcohol in the water-alcohol mixture used 
as solvent, brought to light the unexpected result that the yield 
of nitrile is very greatly decreased by carrying out the reaction in 
anhydrous ethyl or methyl alcohol. The yield was indeed slightly 
improved by using a rather larger proportion of water in the 
mixture than that recommended by the above authors. 

The nitrile was conveniently and quantitatively converted into 
-phenylenediacetic ester by simultaneous hydrolysis and esterifica- 
tio with alcoholic hydrochloric acid. 

o-Phenylenediacetonitrile (25 grams) was dissolved in ethyl 
alcohol (150 c.c.) and the solution saturated in the cold with dry 
hydrogen chloride gas. On boiling under reflux on the water-bath 
for three to four hours, a copious deposit of ammonium chloride was 
formed and, after cooling, this was filtered off and washed with 
alittle alcohol. The filtrate and washings were evaporated to a 
small bulk under slightly diminished pressure and poured into water, 
when the ester separated as a dark brown, heavy oil. After extrac- 
tion with ether, washing the ethereal solution with dilute sodium 
varbonate, and drying with potassium carbonate, the ester was 
fractionated under reduced pressure. 

o-Phenylenediacetic ester boils at 173—174°/10 mm. and is a 
colourless, almost odourless liquid of high density (compare von 
Braun, Ber., 1916, 49, 2642) (Found: C = 668; H= 7-1. Cale., 
(= 67-2; H = 7-2 per cent.). 

A small quantity of the ester, on hydrolysis with an excess of 
alcoholic potash in a sealed tube, gave a good yield of the acid, which, 
without recrystallisation, melted at 150° (compare Baeyer and 


Pape, Ber., 1884, 17, 447). 
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2-Hydrindone-\-carboxylic Ester (Formula Ila)—In_ preparing 
this ester, metallic sodium (5 grams) was granulated under toluene 
(75 grams), heated at 100°, and o-phenylenediacetic ester (24 grams), 
dissolved in toluene (50 grams), was added slowly from a dropping. 
funnel, when interaction took place at once with formation of a 
bulky, gelatinous sodium derivative. After all the ester had been 
added, the mixture was heated for a further two hours on the 
water-bath, and, when no further change appeared to take place, 
the whole was kept for twelve hours, during which a semi-solid 
mass of brown sodium compounds separated. About 500 grams 
of ice water and powdered ice were then added and the whole 
shaken until all the sodium derivative had dissolved. After 
separating from the toluene layer, the alkaline solution was 
extracted with ether, and the aqueous layer freed from dissolved 
ether by a stream of air. It was then cooled in a freezing mixture 
and acidified with dilute hydrochloric acid. A large quantity 
of a yellow oil separated, which soon became solid and could be 
collected by the aid of the pump and dried on porous porcelain. 
This crude 2-hydrindone-1-carboxylic ester is a flaky, yellow solid, 


readily soluble in most organic solvents except light petroleum, 7 


and the yield obtained varies between 80 and 90 per cent. It 
erystallises from alcohol in narrow prisms of a pale yellow colour, 


and has a faint but agreeable smell. By another recrystallisation |) 


from a very small quantity of ether it can be obtained quite 
colourless and melts sharply at 65°. This crystalline material 


on preservation, however, gradually becomes sticky (Found: | 


C= 70-4;H=5-9. C,.H,.0; requires C = 70-6 ; H = 5-9 per cent.). Fj sl 


The alcoholic solution of the ester gives a deep purple coloration 
with ferric chloride and a well-defined copper salt with copper 
acetate. The properties of this copper salt are rather unusual. 
It separates as a bluish-violet, flocculent precipitate on mixing an 
alcoholic solution of the ester with an aqueous solution of copper 
acetate, and, after collecting by the aid of the pump and washing 
with water, alcohol, and a little ether, melts at 233°. It dissolves 


fairly readily in warm chloroform forming a dark, rather purplish- | 


red solution, and when this solution is diluted with aleohol it assumes 
an orange colour and the salt slowly separates in small needles, 
which, after filtering and washing with alcohol, have a pale yellow 
colour. The melting point (234°) is, however, practically unchanged 
by this treatment. 

This copper salt does not appear to possess the normal 
constitution (C,,H,,0O3),Cu, which requires C = 61-4; H = 47; 
Cu = 13-4, since the analysis yielded C=590; H= 45; 
Cu = 15-5 per cent. 


— 
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‘paring The following molecular-weight determinations were made at 
oluene § different concentrations : 
04677 Gram, 1-0059 grams, and 1-3220 grams of 2-hydrindone- 
Pping. arboxylic ester, respectively, dissolved in 20-8928 grams of glacial 
n of aactic acid, depressed the freezing point by 0-418°, 0-868°, and 
1 been §1:109°, whence M = 208, 216, and 222-5 (Calc. for C,.H,,0s, 
nthe f i = 204). 
place, The constitution of the ester is placed beyond doubt by the fact 
i-solid q that on acid hydrolysis it is almost quantitatively converted into 
grams § )-hydrindone. 
whole 2-Hydrindone-1-carboxylic ester (10 grams) is mixed with 20 per 
After J ent. sulphuric acid (50 c.c.) and heated on the water-bath for one 

was }hour, after which steam is passed into the mixture; the ketone 
olved iistils readily and solidifies in the condenser and receiver in 
littering needles. By recrystallisation from dilute alcohol, long, 
elourless needles are obtained which melt at 59—60° (compare 
Moore and Thorpe, loc. cit., p. 186) (Found: C = 81:5; H = 6-14. 
(ale., C = 81°8; H = 6-06 per cent.). 

The conversion by the above method is almost quantitative, 
‘but if the hydrolysis is effected with a mixture of equal quantities 

It |Jof concentrated hydrochloric acid and water under the same 
lour, |) conditions a yield of only about 10 per cent. of 2-hydrindone is 
tion | obtained. The main product is a brown, non-volatile, rather 
uite |] rsinous-looking substance, which remains in the flask after the 
erial || steam distillation. This material, after collecting by the aid of 
ind : || the pump and washing with ether, in which it was only very slightly 
nt.). |} soluble, was recrystallised from chloroform, from which it separated 
tion || in irregular rhombohedra melting at 165—166°, and proved to be 
»per || anhydro-bis-2-hydrindone (compare Heusler and Schieffer, Ber., 
ual. |] 1899, 32, 32) Found: C=876; H=5°8. Cale, C = 87:8; 
‘an || H = 5-7 per cent.). 
per || 2-Hydrindonecarboxylic ester is remarkably stable to alkaline 
ing || hydrolysis. It is practically unattacked by two days’ standing in 
ves || the cold with an excess of dilute alcoholic potash, whilst, on boiling 
ish- || for a short time with a strong aqueous solution of sodium hydroxide, 
nes || a bulky, white precipitate of the sodium derivative is obtained, 
les, | which is only moderately soluble in water and quite non-hygro- 
ow |] scopic. On more vigorous hydrolysis with concentrated methyl- 
red || alcoholic potash, o-phenylenediacetic acid is obtained. 
2-Hydrindonecarboxylic ester (5 grams) was boiled with a con- 
nal |] siderable excess of 15 per cent. methyl-alcoholic potash for two 
‘7: | hours under reflux. The dark coloured solution was evaporated 
5: || with water until free from methyl alcohol, concentrated to a small 
bulk and, when cold, filtered from the insoluble, resinous material 
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present. On acidifying with dilute hydrochloric acid, o-phenylene. 
diacetic acid separated in yellowish-white flocks; after two 
recrystallisations from hot water, it melted at 150°. 

2-Hydrindone-1-carboxylic Ester Phenylhydrazone (Formula IV) — 
An alcoholic solution of 2-hydrindonecarboxylic ester (2 grams) jg 
mixed with an alcoholic solution of phenylhydrazine (1 gram), 
and after about a minute a voluminous, crystalline precipitate wil] 
appear. This phenylhydrazone forms long, straw-coloured needles, 
which dissolve fairly readily in boiling alcohol, but are almost 
completely insoluble in the cold solvent. It melts to a deep brown 
liquid at 176—177° (Found: N = 9°58. ©,gH,,0,N, requires 
N = 9°52 per cent.). 

The mother-liquor, on evaporation, leaves a residue of dark 
coloured, crystalline material, which, on recrystallisation from ethy] 
acetate, forms small, compact clusters of orange needles which melt 
with decomposition at 188° and appear to consist of the phenyl. 
hydrazone of the phenylhydrazide of 2-hydrindonecarboxylic acid 
(formula V) (Found : C = 73°38; H = 546; N= 160. C,,H,,ON, 
requires C = 74:1; H = 56; N = 15'8 per cent.). 

Conversion of 2-hydrindone-1-carboxylic Ester Phenylhydrazone into 
2 : 3-Indeno(2 : 1)-indolecarboxylic Ester-1 (Formula VI).—In pre- 
paring the latter substance, the phenylhydrazone 5 grams) was 
dissolved in glacial acetic acid (40 grams), and the mixture heated 
at 105°. The solution, which is at first light yellow, gradually 
darkens and, after an hour, develops a deep red colour with a green 
sheen by reflected light. When cold, it is poured into about five 
times its volume of water and allowed to stand, and the copious 
green flocculent precipitate which separates is collected, thoroughly 
washed with water, and dried at 60—80°. The crude product is an 
amorphous, bluish-green powder which commences to sinter at 
90° and melts over the range 120—140°. This crude product is 
extracted with 50 c.c. of warm methyl alcohol, in which the main 
portion is insoluble and remains in the flask as a brown tar, which 

hardens, when quite cold, to a resin. The red methyl-alcoholic 
solution is poured into a large volume of ether, the clear solution 
washed with water until free from methyl alcohol, the ethereal 
solution dried with calcium chloride, and the ether distilled off, 
until the solution becomes cloudy. On standing, there is a gradual 
deposition of a nearly colourless substance, although in very small 
quantity, which, after filtering and washing with ether, is faintly 
yellow in colour, melts at 183—185°, and appears under the micro- 
scope as a mass of very small needles. A further quantity can be 
obtained by evaporating the ether mother-liquor to dryness, ex- 
tracting with benzene, boiling the benzene solution with animal 
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darcoal, and adding light petroleum to the filtered solution. The 


‘§ naterial obtained in this way was less crystalline in appearance, 


pit had a slightly higher melting point (185—186°), and there was 
yo lowering of the melting point on mixing the two samples (Found : 
(=776; H=53; N=52. C,gH,;0,N requires C = 779; 
H=5°4; N = 5:1 per cent.). 

The substance dissolves in concentrated sulphuric acid with a 
peautiful green colour which, on standing or warming, changes to 
, rich blue. The indole “ pine-chip” reaction gave a claret- 
wloured stain, much deeper than the usual bright pink coloration, 
but less immediate. 

The methyl-alcoholic solution, if kept for some time, deposits a 
aystalline substance which does not dissolve on warming. This 
substance separates in small, colourless leaflets, which in the air 
madually take on a green tinge, and melts quite sharply at 244°. 
It can also be obtained in small quantity by repeated extraction 
of the resinous material, insoluble in methyl alcohol (mentioned 
above), with benzene. The benzene solution is precipitated with 
light petroleum, the insoluble part redissolved in benzene and again 
precipitated until free from tarry matter. This higher-melting 
material appears to be a polymeride or isomeride of the substance 
of melting point 185°. It gives the same colour reaction with sul- 
phuric acid, but does not give the “ pine-chip ” reaction (Found : 

= 783; H=53. C,.H,;0,N requires C = 779; H = 5-4 per 

cent.). 
The p-nitrophenylhydrazone of 2-hydrindone-1l-carboxylic ester 
is readily obtained in the same manner as the phenylhydrazone 
(p. 1568). It forms orange needles melting at 154° (Found: 
N= 12°4. C,,H,,0,N, requires N = 12-4 per cent.). 

Tt was thought possible that the p-nitrophenylhydrazone might 
undergo indole formation more easily than the phenylhydrazone 
and yield a cleaner product. The reverse, however, was found to 
be the case, and it was necessary to boil the acetic acid solution for 
several hours to complete the reaction. The product contained 
more tarry and resinous material than that obtained from the 
phenylhydrazone and was not further investigated. 

1- Methyl-2-hydrindone-1-carboxylic Ester (Formula VII).—2-Hy- 
drindonecarboxylic ester (10 grams) was converted into the 
sodium derivative by adding the ethereal solution to sodium, 
previously granulated under xylene. The sodium derivative was 
collected by the aid of the pump, washed with a little ether, sus- 
pended in alcohol, and methyl iodide (7-5 grams) gradually added ; 
the mixture was then boiled under reflux for three hours on the 


water-bath. The bulk of the alcohol was distilled off, the residue 
31* 
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poured into water, the ester extracted with ether, dried, and frag. 
tionated under reduced pressure, when it boiled at 178—179°/25 mm, 
with slight decomposition. The distillate, which was faintly yellow 
in colour, had a pleasant odour and was insoluble in alkali, whilst 
the alcoholic solution gave no coloration with ferric chloride (Found: 
C=710; H=6-4. C,3H,,0; requires C = 71:5; H = 6-4 per 
cent.). 

The semicarbazone is readily obtained by warming the ester in 
methyl-alcoholic solution with semicarbazide hydrochloride and 
sodium acetate. It crystallises well in small, colourless needles 
which melt with decomposition at 200° (Found: C = 6145; 
H =63; N =15-6. C,,H,,0O,N, requires C = 61:1; H = 62; 
N = 15:3 per cent.). 

The condensation product of phenylhydrazine with the ester 
was an oil which could not be induced to crystallise, but a p-nitro- 
phenylhydrazone was obtained by shaking the ester with an aqueous 
solution of p-nitrophenylhydrazine hydrochloride to which a few 
drops of aleohol had been added. The oily condensation product 
first formed solidified on long standing and, on recrystallisation 
from alcohol, small, orange prisms were obtained of m.p. 175—176° 
(Found: N = 11-94. C,,H,,0,N, requires N = 11-96 per cent.). 

In view of the ease with which 2-hydrindone-1-carboxylic ester 
undergoes acid hydrolysis, it was expected that the methyl deriv- 
ative would also be fairly readily hydrolysed by acids, with the 
production of either 1-methyl-2-hydrindone-l-carboxylic acid or 
the methyl-2-hydrindone which has been previously described by 
Wallach (loc. cit.), who prepared it by the reduction of nitromethyl- 
indene. It was, however, found that the ester is remarkably 
resistant to acid hydrolysis. On heating for several hours with 
either 20 per cent. sulphuric acid or 50 per cent. hydrochloric acid 
and subsequently steam-distilling, practically the whole of the 
material was recovered unchanged, being identified by the boiling 
point and by conversion to the semicarbazone. By more vigorous 
treatment with a mixture of 1 : 10-sulphuric acid in glacial acetic 
acid, a dark red oil was obtained which, however, showed no 
acidic properties and decomposed completely when distilled, even 
under very reduced pressure. No crystalline derivative could be 
obtained either with semicarbazide or p-nitrophenylhydrazine. 

Alkaline hydrolysis, however, takes place very readily, with the 
result that the hydrindene ring is opened and o-phenyleneacetic- 
8-propionic acid (VIII) is produced. 

The ester (5 grams) was mixed with 15 per cent. methyl-alcoholic 
potash (10 grams). Heat was developed, and after about five 
minutes a semi-solid mass of the potassium salt was formed, which 


| frac. 
> mm, 
rellow 
whilst 
yund : 


4 per 


eT in 

and 
-edles 
61-5; 
: 6-2: 


ester 
nitro- 
1e0us 
. few 
duct 
ation 
-176° 
t.). 
ester 
eriv- 
| the 
d or 
1 by 
thyl- 
ably 
with 
acid 
the 
iling 
rous 
cetic 
| no 
oven 


1 be 


the 
atic- 


olic 
five 
nich 


MACBETH AND ROBINSON: CEVADINE. PART I. 1571 


was collected, washed with a little methyl alcohol, and dissolved 
in water. The aqueous solution, after extraction with ether to 
remove traces of oil, was acidified, when the acid separated in 
dusters of glittering needles which, after one recrystallisation from 
dilute alcohol, melted at 152—153° (Found: C = 63:3; H = 5°8. 
(ale., C = 63-4; H = 5-8 per cent.). 


One of us (A. F. T.) wishes to make acknowledgment to the 
(Commissioners of the Exhibition of 1851 for a scholarship with the 
aid of which much of this work was carried out. 
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CLXXXVII.—Cevadine. Part I. 


By ALEXANDER KiLLEN Macseru and Ropert Rosinson. 


Ivy 1855 Merck found that the amorphous mixture of bases termed 
“veratrine,” first isolated in 1818 by Meissner from the seeds of 
Veratrum Sabadilla, contains, along with other substances, a crystal- 
ine alkaloid which was designated cevadine. The empirical 
formula, Cy5H,,O,N, was established by Wright and Luff (T., 1878, 
33, 338), who also effected the hydrolysis of the base by means of 
yater in sealed tubes or with alcoholic sodium hydroxide and with 
production of cevine, C,,H,,O,N, and tiglic acid. C3,HyOgN + 
H,0 = Cy,H,zO,N + C;H,O,. Bossetti (Arch. Pharm., 1883, 221, 
1; Jahresber., 1883, 1357) and Ahrens (Ber., 1890, 23, 2706) con- 
duded from their further experiments that cevadine is an ester of 
angelic acid, whilst, on the other hand, Horst (Chem. Zig., 1902, 
26, 334) maintained the original view of Wright and Luff, since he 
found that ethyl tiglate was formed by the action of ethyl-alcoholic 
tydrochloric acid on cevadine. Under these conditions angelic 
wid is not transmuted into the stereoisomeric tiglic acid, and it is to 
e inferred that cevadine is cevine tiglate. Freund and Schwarz 
\‘Ber., 1899, 32, 800) were the first to isolate cevine in a crystalline 
wndition. These authors heated cevadine with alcoholic potassium 


jiydroxide, and, on cooling, a potassium compound of cevine 
jparated as a mass of slender needles. According to Hess and 


Mohr (Ber., 1919, 52, [B], 1984), this derivative has the com- 
position C,,H,,O,NK,EtOK or C,,H,,O,NK,,EtOH. Cevine itself 
is obtained by passing a current of carbon dioxide through an 
aqueous solution of this salt. According to Buignet (Jahresber., 


1851, 49), cevadine is optically inactive, but we have found that it 
31*2 
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is feebly dextrorotatory, whilst cevine is levorotatory. In alcoholic 
solution, 0-nitrobenzoylecevadine and di-o-nitrobenzoylcevine have 
[«}7° = — 37-5° and — 54-7°, respectively, and the preparation of 
these substances furnishes confirmatory evidence that cevadine 
contains one, and cevine two, alcoholic hydroxyl groups. 

In a discussion of the occurrence of optically inactive bases in 
plants, Hess and Weltzien (Ber., 1920, 53, [B], 122) mention the 
cases of cryptopine, aribine, and cevadine, now shown to occur jn 
an active form. It is strange, in view of the exhaustive work of 
Perkin (T., 1916, 109, 815; 1919, 115, 713), that it should be 
possible to make the statement that the constitution of cryptopine 
is still undetermined, whilst aribine is now known to be identical 
with harman, and, like cryptopine and protopine, its molecule does 
not contain an asymmetric carbon atom. 

It is difficult to reconcile the composition of cevine and cevadine 
with the formation of a potassium cevine except on the assumption 
that this substance is the salt of an unstable hydroxy-acid produced 
by the opening of a lactone ring, especially since cevine exhibits 
no phenolic character. Attempted esterification of cevine with 
methyl-aleoholic hydrochloric acid resulted in amorphous products 
which gave low results in Zeisel estimations. Nevertheless it 
appears that partial esterification occurs, and in this connexion 
it may be remarked that cevadine gave negative results in Zeisel 
estimations. This is contrary to the statement of Frankforter 
(Amer. Chem. J., 1898, 20, 361), who considers that the cevadine 
molecule contains one methoxyl group. The destructive distilla- 
tion of cevadine has been stated by Ahrens (loc. cit.) to yield, amongst 
other products, 8-picoline, a little $-pipecoline, and isobutylene, 
the last possibly arising from the tiglic acid portion of the mole- 
cule. Kunz-Krause (Pharm. Zentr.-h., 1898, 39, 841) observed that 
when “ veratrine’ is evaporated with nitric acid (d 1-4) and the 
residue treated with alcoholic potassium hydroxide, the mixture 
turns blood-red and an odour of coniine is produced. This was 
confirmed by Kondakoff (Chem. Zig., 1899, 23, 4), who attributes 
the odour decisively to coniine and not to §-picoline. By dis- 
tillation of cevine with soda-lime in an atmosphere of hydrogen, 
we have been able to isolate in small yield a base which we believe 
to be l-coniine. The evidence is unfortunately not quite decisive 
(see p. 1576) owing to the fact that an authentic specimen of /-coniine 
is not available for purposes of identification,* but we have little 
doubt as to the accuracy of the view we take of the nature of this 
decomposition product. The value of conclusions derived from 


* A comparison of the acid I-tartrates of synthetical J-coniine and of 
the base from cevine will subsequently be attempted. 
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the results of experiments at relatively high temperatures is justly 
discounted, but the production of such a substance as /-coniine 
warcely falls in the category to which this criticism is applicable, 
and in view of the saturated character of the coniine molecule 
and the tertiary basic nature of cevadine it would appear to be a 
rasonable deduction that the coniine fragment is attached to the 
rest of the molecule through the nitrogen atom. The following 
formula for cevadine expresses this view : 


CHMe:CMe-CO-0 — “7 
| 
HO- CH-CH, 
CD) on / 
Co- 18**25™"4 } NC SCH, 
| CH,CH, 
O- 


On the basis of such an assumption, cevadine is a derivative of 
a substance, C,gH3 0,4, to which only eight hydrogen atoms must 
be added to produce a completely saturated compound. The 
occurrence of a benzene nucleus in the molecule is therefore just 
possible, but also improbable, since this would absorb the whole 
of the available unsaturation, leaving no room for the occurrence 
of alicyclic or oxide rings. 

Experiments on the oxidation of cevine have up to the present 
been fruitless. When potassium permanganate in acetone solution 
was employed, the products were resinous acids from which nothing 
crystalline could be obtained. Potassium dichromate and dilute 
sulphuric acid gave a trace of acetone, only recognisable on account 
of the delicate reaction with alkaline silver mercury cyanide (Scott- 
Wilson, J. Physiol., 1911, 42, 444). Nitric acid produces under 
various conditions a yellow gum which does not crystallise. This 
doubtless consists partly of an acyl derivative of coniine, since it is 
only on this hypothesis that the survival of any coniine in the 
Kunz-Krause reaction is explicable. 


Ex'PERIMENTAL. 


Optical Activity of Cevadine. 

Some further analyses of cevadine may be recorded (Found : 
C= 64:8, 64-9; H = 83, 8-4; N= 2-3, 2-3. CygHygO,N requires 
C=65-:0; H= 8-3; N = 2-4 per cent.). 

The material used in the following determinations was re- 
crystallised from aqueous alcohol and dried in a vacuum at 90° 
during twenty-four hours and then at 110° during five hours. 
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0-656 in 55 c.c. of ethyl alcohol in a 2-dem. tube gave « = +- ()-39°. 
whence [a]? = + 12-5°. 

1-039 in 25 c.c. of pyridine in a 2-dem. tube gave « = + 053°, 
whence [«}7" = + 6:38°. 

1-0 in 25 c.c. of acetone in a 2-dem. tube gave « = + 0-1°; whence 
[a}7" = + 1-25°. 

o-Nitrobenzoylcevadine was readily obtained by adding o0-nitro. 
benzoyl chloride in small quantities at a time to a suspension of 
cevadine in dilute aqueous potassium hydroxide, with vigorous 
shaking after each addition, until the odour of the chloride was 
no longer apparent. The cevadine gradually disappeared and its 
place was taken by a soft, granular precipitate. The substance 
was collected, washed, and dried, but could not be crystallised 
by treatment with solvents. It was dissolved in dilute aqueous 
tartaric acid and in presence of ether regenerated from the solution 
by means of dilute aqueous sodium hydroxide. The ethereal 
solution was dried by anhydrous potassium carbonate, filtered, 
and allowed to evaporate at the ordinary temperature. The pale 
yellow crystals which separated darken at 220° and melt with 
decomposition at 236° (Found: N = 308. C,,H;,0,.N, requires 
N = 3°8 per cent.). 

0-15 in 25 c.c. of ethyl alcohol in a 2-dem. tube gave « = — 0-45°; 
whence [«]!?” = — 37-5°. 


Hydrolysis of Cevadine. 

In the hydrolysis of cevadine by the method of Freund and 
Schwarz (loc. cit.) it was found to be important to use pure potassium 
hydroxide. Commercial ‘ veratrine’’ may be employed for the 
preparation of cevine, and the following are the details of the 
process. Alcohol (200 c.c.), saturated at the boiling point with 
potassium hydroxide, was added to a hot solution of veratrine 
(40 grams) in alcohol (150 c.c.), and the mixture boiled gently 
during half an hour. On cooling, the potassium cevine separated 
as a mass of slender needles, and these were collected by the aid 
of the pump and washed with ether. The mother-liquor, to 
which the ether washings were not added, was concentrated to 
about half its bulk, and a further crop of potassium cevine was 
obtained, and washed with ether. The salts were separately 
dissolved in water and converted to cevine by passing a stream of 
carbon dioxide. The base was obtained in colourless prisms and 
proved to be identical with the substance prepared from cevadine. 
The yield from 150 grams of commercial veratrine was 50-5 grams 
of cevine from the first crop of potassium derivative and 15-0 grams 
from the second. 27-0 Grams of crude cevine were recovered by 


aS eh 


MACBETH AND ROBINSON : CEVADINE. PART I. 1575 


evaporation of the mother-liquors from the cevine precipitated by 
carbon dioxide. 

Cevine was crystallised from water containing a little alcohol 
and dried in a vacuum. This product, the composition of which 
is C.,H4g0,N,3°5H,0, was levorotatory. 

2:3278 in 50 c.c. of methyl alcohol in a 2-dem. tube gave 


x = — 143°; whence [a]!” = — 15-36°. 

10704 in 50 c.c. of ethyl alcohol in a 2-dem. tube gave 
a= —0°75°; whence [a]? = — 17-52° (Diluted with an equal 
yolume of water, [«]!?7” = — 18-68°). 

0-203 in 25 c.c. of acetone in a 2-dem. tube gave « = — 0°5°; 
whence [a]? = — 30-8°. 


A solution of cevine (5 grams) in 6 per cent. methyl-alcoholic 
hydrochloric acid (50 c.c.) was boiled under reflux during an hour, 
allowed to remain for twelve hours, and then boiled during a further 
three hours. Silver carbonate was then added to remove hydro- 
chloric acid, and animal charcoal to remove coloured impurities, 
and the liquid boiled and filtered. The methyl alcohol was removed 
by distillation, and the residue twice ground up with ether, which 
was subsequently evaporated. All possible remaining traces of 
methyl alcohol were then eliminated by drying the amorphous 
residue at 100°/10 mm. during four hours. In a Zeisel estimation, 
formation of methyl iodide began at 110° [Found: MeO = 4-9. 
C,H4gO,N(OMe) requires OMe = 5-9 per cent. ]. 

The washing and drying were then repeated, and in the product 
there was again found: MeO = 4-7 per cent. 

Attempts to purify the substance by crystallisation were un- 
successful. ; 

Di(o-nitrobenzoyl)cevine was prepared from cevine and o-nitro- 
benzoyl chloride by the Schotten-Baumann method. The granular 
product was collected, dissolved in alcohol containing a little 
acetic acid, and recovered by the addition of the solution to very 
dilute ammonia. After collecting and thoroughly washing the 
precipitate, it was dried in a vacuum at the ordinary temperature 
and then at 100°. The pale yellow powder is readily soluble in 
alcohol or ether and melts at 175° after softening at 160° (Found : 
C= 606; H=60; N=5°3. C,4,H4,0,,N, requires C = 61°0; 
H = 61; N = 5:2 per cent.). 

0193 Gram, dissolved in 20 c.c. of alcohol, was boiled under 
reflux with 70 ec.c. of titanous chloride solution (18,540 c.c. 
equivalent to 2 grams of H,). Titration with iron alum then 
showed that 42°7 c.c. of the titanous chloride solution had been 
used in the reduction. Therefore a gram-molecule of di(nitro- 
benzoyl)cevine requires TiCl, equivalent to 612 H,, and the 
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molecule contains two nitro-groups. Di(o-nitrobenzoyl)cevine jg 
levorotatory : 

0-24 in 25 c.c. of alcohol in a 2-dem. tube gave a = —1-05°, 
whence [a]!7” = — 547°. 


1-Coniine (?) from Cevine. 


The Kunz-Krause-Kondakoff reaction (see p. 1572) is given by 
cevadine and cevine, but the base is produced in excessively 
minute amount. We have isolated it by steam distillation from 
the alkaline solution, neutralisation and concentration of the dis- 
tillate, and recovery by addition of potassium hydroxide and 
extraction with ether. The residue, after removal of the solvent, 
had the powerful and characteristic odour of coniine and gave 
positive results in the Vitali and Stroppa (L’Orosi, 1900, 23, 73) 
and Melzer (Z. anal. Chem., 1898, 37, 354) reactions. 

Distillation of cevine with zinc dust in a stream of hydrogen 
also produces a base having the odour of coniine and giving a 
strong Vitali reaction and a picrate soluble in ether. Better 
results were obtained when cevine was mixed with a large excess 
of soda-lime and carefully distilled in a stream of hydrogen. A 
strongly alkaline aqueous distillate, in which was suspended drops 
of a reddish-brown oil, was collected. The whole was acidified 
with hydrochloric acid and extracted with ether several times to 
remove traces of neutral substances, after which the separated 
aqueous layer was concentrated under greatly reduced pressure. 
The base was set free by the addition of an excess of sodium 
hydroxide and distilled in steam. The distillate was just acidified 
with hydrochloric acid and evaporated to dryness in a vacuum. 
During this treatment the solution developed a pink colour chang- 
ing to blue, and this behaviour is characteristic of coniine. The 
dry hydrochloride was extracted with absolute alcohol to separate 
any ammonium chloride which might be present, and the extract 
evaporated to dryness, mixed with concentrated aqueous sodium 
hydroxide, and the base again distilled in a current of steam. 
The distillate was thoroughly extracted with ether, and the com- 
bined extracts were dried with anhydrous sodium sulphate and 
evaporated to about 30 c.c. Twenty-five c.c. of the solution were 
employed for a determination of rotatory power (2-dem. tube), and 
found, on evaporation and heating at 60° until the weight was 
constant, to contain 0°962 gram of the base (a = —1-°16°; whence 
{a} = —15°08°). This base boils at 168—170°, but on account 
of the small quantity available some superheating could not be 
avoided. It has the odour of coniine and gives the colour reactions 
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of this substance described by Vitali and Stroppa (loc. cit.), Gabutti 
(Chem. Centr., 1906, II, 74), and Sanchez (ibid., 1921, IV, 559). 
On treatment of a solution in dilute hydrochloric acid with nitrous 
acid, it yielded a nitroso-derivative, which was taken up in ether. 
After washing with sodium carbonate to remove nitrous acid, the 
ethereal solution was evaporated and the residue gave a strong 
Liebermann reaction. 

The salts, except the platinichloride, could not be crystallised. 
The picrate, soluble in ether, melted at 74°; the platinichloride 
melted at 173—174° (Found: Pt = 298. C,H,,N,,H,PtCl, 
requires Pt = 29°3 per cent.). 

According to Loffler and Friedrich (Ber., 1909, 42, 107), /-coniine 
boils at 166° and has [a]! = —15°3°. Its platinichloride melts 
at 175°. 

These distillation methods are very wasteful, and further 
progress as well as more definite identification of the supposed 
lLeoniine is dependent on the discovery of a more gentle process 
of decomposition, but the problem is a very difficult one. 
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CLXXXVIII.—A Synthesis of Pyrylium Salts of 
Anthocyanidin Type. 


By Davin Dote Pratr and Ropert Rosinson. 


Amone the more generally applicable syntheses of anhydropyranol 
(pyrylium) salts there are two which are pre-eminently convenient, 
and in effect both depend on the condensation of a phenol, com- 
monly a polyhydric phenol, a carboxylic acid, and a substance 
containing the group CH,°CO, the last usually being a ketone. In 
the process developed by Biillow and his collaborators,* a {-di- 
ketone or hydroxymethylene ketone is condensed with a reactive 
pheno] by means of hydrogen chloride, whilst in that of Perkin 


* Bilow and Wagner, Ber., 1901, 34, 1195; compare also A., 1901, 
i, 603; 1902, i, 112, 113, 484, 554; 1903, i, 272, 357, 647, 715; 1904, i, 
82, 262, 609; 1905, i, 149, 150; 1906, i, 201, 300, 598, 966. 
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and Robinson* and of Decker and Fellenberg an o-hydroxy. 
aldehyde is condensed with a substance containing the group 
CH,°CO. A typical example is illustrated below, and the relation 
between the two methods will be seen to be precisely that existing 
between the syntheses of coumarin derivatives due to Pechmann 
and Perkin, respectively. 


\7 Ft sun HOO Ph = \ /CHO Hy 
HO’'CH 
WN 


An important modification of the o-hydroxy-aldehyde synthesis 
consists in producing an o-hydroxystyryl ketone by condensation 
in alkaline solution, and subsequently converting into the pyrylium 
salt by the action of a strong acid. Up to the present, however, 
all the salts produced by applications of these reactions have 
been derivatives of benzopyrylium substituted in the pyrylium 
nucleus by various alkyl and aryl groups and, since Willstatter 
and his co-workers have proved in a series of brilliant investiga- 
tions that the anthocyanin plant pigments are derived from 
3-hydroxybenzopyrylium, it became an object to investigate 
conceivable extensions of the above methods to the synthesis of 
salts of the naturally occurring type. After some unprofitable 
search in other directions, we have found that derivatives of 
3-hydroxybenzopyrylium salts are quite readily prepared by 
condensation of o-hydroxy-aldehydes and w-alkyloxy- or w-aryl- 
oxy-acetophenones. The present communication is of a pre- 
liminary character, and only a few typical examples are included. 
The direct condensation is exemplified by the preparation of 
7-hydroxy-3-ethoxy-2-phenylbenzopyrylium chloride (I), which is 


* The first publication dealing with this reaction was a preliminary 
communication (Perkin and Robinson, P., 1907, 19, 149) in which the general 
character of the process was clearly stated. In this paper, the salts were 
formulated as pyranols, but this view was abandoned in a very short time, 
chiefly as the result of the analysis of ferrichlorides. A more complete 
account of the work was recorded in 1908 (Perkin, Robinson, and Turner, 
T., 1908, 98, 1085). The papers of Decker and Fellenberg (Ber., 1907, 40, 
3815; Annalen, 1907, 356, 281) appeared after the note of Perkin and Robin- 
son in the Proceedings. The credit for the recognition of the anhydro- 
character of the pyranol salts is, however, due to Werner, who, in a remarkable 
paper on the xanthonium and thioxanthonium derivatives (Ber., 1901, 34, 
3300), established the existence of the pyrylium nucleus, which he called 
“‘ pyroxonium.” Werner also introduced the use of the ferrichlorides which 
have since been so often employed for the characterisation of oxonium bases. 
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obtained in excellent yield when hydrogen chloride is passed 
into a glacial acetic acid solution of equimolecular quantities of 
g.resorcylaldehyde and w-ethoxyacetophenone. 


Cl 


HO’ SoH , COPh HC! HO’ \/™ ph 


| | + Bae ainitt z= (I.) 
\ AHO CH, -ORt oe /OEt 


3-Ethoxy-2-phenylbenzopyrylium ferrichloride (III) is, on the 
other hand, produced from phenyl 2-hydroxy-$-ethoxystyryl 
ketone (II), which results from the condensation of salicylaldehyde 
and w-ethoxyacetophenone in methyl-alcoholic solution in presence 
of potassium hydroxide. The unsaturated ketone is converted to 
a pyrylium chloride by means of hydrogen chloride in dry ethereal 
solution, and the salt subsequently changed into the ferrichloride 


in the usual way. 


(oH H,-COPh 
3 lcHo + EtO-CH,-C —>( Jee ccom, ‘COPh (11.) 
ve 
Sd 
FeCl, v 
JO. 
ans OR 
Ww 


The investigation is being extended in various directions such 
as the dealkylation of the salts and the examination of the 
behaviour of 3-alkyloxy- and 3-hydroxy-pyrylium salts on reduc- 
tion, oxidation, and hydrolysis. In the latter connexion, Decker 
and Becker (Ber., 1922, 55, [B], 375) have suggested that the 
hydrolysis of an anthocyanidin might be expected to give rise to 
methylphloroglucinol. This we consider highly improbable, and 
in our view the products of the hydrolysis of pelargonidin, for 
example, should be phloroglucinol, formic acid, and p-hydroxy- 
benzoylearbinol and possibly small relative amounts of glycollic 
and p-hydroxybenzoic acids. But the benzoylcarbinols would be 


* This formula symbol is here adopted in harmony with modern con- 
ceptions of the nature of onium compounds and because there appears to be 
no reason why the supposed arrangement of valencies in the pyrylium nucleus 
should be indicated any more than in the similar cases of benzene and 
pyridine. Such expressions, moreover, at once suggest the undisputable 
analogies between the benzopyrylium and quinolinium salts. 
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likely to undergo further changes and might pass through the 
hydroxyphenylacetaldehydes to phenylacetic acids, mandelic acids, 
and condensation products. 


EXPERIMENTAL. 


Phenyl 2-Hydroxy-B-ethoxystyryl Ketone (Formula IL).—A solu. 
tion of w-ethoxyacetophenone * (16 grams), salicylaldehyde (12 
grams), and potassium hydroxide (8 grams) in methyl alcohol 
(200 c.c.) was boiled under reflux during eight hours. The deep 
red solution was added to water and rendered acid by the addition 
of hydrochloric acid, whereby the unsaturated ketone was pre. 
cipitated in silvery leaflets. The substance was collected, dried 
(25 grams), and crystallised from methyl alcohol, from which it 
separated in very pale, glistening leaflets melting at 138° (Found: 
C=761;H=5-8. C,,H,,0, requires C = 76-1; H = 5-9 per cent.). 

This substance is readily soluble in methyl and ethyl alcohols 
and in chléroform, and moderately readily soluble in ether. It 
dissolves in dilute aqueous potassium hydroxide to an orange- 
yellow solution, which is much less intensely coloured than a 
similar solution of salicylideneacetophenone. The solution in 
concentrated sulphuric acid is bright orange-red. 

3-Ethoxy-2-phenylbenzopyrylium Ferrichloride (Formula III),— 
The unsaturated ketone described in the preceding section is 
partly converted to the corresponding pyrylium salt when it is 
boiled with a mixture of acetic and hydrochloric acids, but, as 
was found to be the case with phenyl 2-hydroxystyryl ketone 
(Perkin, Robinson, and Turner, Joc. cit.), the reaction proceeds 
most easily in ethereal solution. 

Phenyl 2-hydroxy-$-ethoxystyryl ketone (2 grams) was dis- 
solved in pure dry ether (15 c.c.), and a stream of hydrogen 
chloride passed through the liquid during three hours. The solu- 


* Ethyl ethoxyacetate was prepared by condensation of ethyl chloroacetate 
and sodium ethoxide in ethyl-alcoholic solution (Henry, Ber., 1871, 4, 706; 
1873, 6, 240). The ester (12 grams) was dissolved in concentrated aqueous 
ammonia solution, and on evaporation ethoxyacetamide (8-5 grams), m. p. 
82°, was obtained. Ethoxyacetic acid is best prepared from the ester through 
this amide, which is treated at 90° with nitrous fumes, and the product 
purified by distillation. Ethoxyacetonitrile and w-ethoxyacetophenone 
were prepared by the excellent methods of Sommelet (Ann. Chim. Phys., 
1906, 9, 494, 521). It was found that the action of magnesium phenyl 
bromide on ethoxyacetonitrile (22 grams) yielded ultimately 26 grams of 
the ethoxy-ketone boiling at 130°/15 mm. The ethoxy-derivatives were 
chosen for the first experiments on account of the fact that we happened 
to be in possession of considerable quantities of ethoxyacetamide. Corre- 
sponding methoxy-compounds are in course of investigation. 
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tin gradually became deep yellow and finally red, and the com- 
letion of the reaction was indicated by the complete solubility 
of a sampl¢ in dilute hydrochloric acid after removal of ether. 
Dilute hydrochloric acid was added to the reaction mixture, and 
after distilling off the ether the solution was boiled and filtered. 

Care must be taken that the concentration of acid is sufficient 
to prevent hydrolysis of the oxonium salt. On the addition of 
an excess of ferric chloride dissolved in concentrated hydrochloric 
acid, the ferrichloride was precipitated as a light chocolate-brown 
powder. This was collected, dried in the air, and amounted to 
25 grams. The substance crystallises well from acetic acid and 
js obtained in bright golden platelets melting at 121° (Found: in 
material dried at 100°, C=453; H=3-2. C,,H,;0,Cl,Fe 
requires C = 45-6; H = 3-3 per cent.). 

This salt is readily soluble in hot acetic acid, but sparingly so 
in the cold solvent. It dissolves freely in alcohol and chloroform 
to yellow solutions, but is insoluble in water, and this is probably 
due to the coating of the crystals with a superficial layer of the 
related pyranol. 

The yellow solution in concentrated sulphuric acid exhibits a 
pale ivy-green fluorescence. Under similar conditions, the parent 
substance, 2-phenylbenzopyrylium chloride, develops a_ blue 
fluorescence, and the effect of an alkyloxy-group in the 3-position 
is thus seen to resemble that of a similar group substituted in 
one of the benzene nuclei. In this connexion it may be remarked 
that the influence of hydroxy- and alkyloxy-groups on the colour 
of fluorescence in sulphuric acid solution is much less marked in 
the pyrone types. Thus flavone and flavonol yield pale blue and 
violet fluorescent solutions respectively, whilst eyen chrysin and 
kempferide exhibit blue fluorescences when dissolved in sulphuric 
acid. Many flavonol glucosides, however, develop green fluor- 
escence under these conditions. 

Phenyl 2-Hydroxy-$-phenoxystyryl Ketone, 

OH-C,H,-CH:C(OPh)-COPh. 

—A mixture of -phenoxyacetophenone (Mohlau, Ber., 1882, 
15, 2497) (6 grams), salicylaldehyde (4-5 grams), and methyl- 
alcoholic potassium hydroxide (75 c.c. of 4 per cent.) was boiled 
under reflux during three hours. The red solution was diluted 
with water, filtered until clear, and acidified with hydrochloric 
acid. The precipitate was collected, washed with water, dried 
(5-5 grams), and crystallised from not too much methyl alcohol. 
Almost colourless, silvery, rhombic prisms melting at 160° were 
obtained (Found: C = 79:7; H = 5-0. C,,H,,03 requires C = 79-7; 
H = 5-1 per cent.). 
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The substance is readily soluble in alcohol, chloroform, ethyl 
acetate or ether, but sparingly soluble in light petroleum. | 
closely resembles the ethoxy-analogue previously described and 
dissolves in aqueous potassium hydroxide to an orange-yellow 
solution, from which a red oily potassium salt separates on the 
addition of more potassium hydroxide. 

FeCl, 


es 


ea 
3-Phenoxy-2-phenylbenzopyrylium Ferrichloride, | | 


is 
—This substance was obtained in excellent yield by the action of 
dry hydrogen chloride on phenyl hydroxyphenoxystyryl ketone in 
ethereal solution, followed by treatment of the product with ferric 
chloride and hydrochloric acid exactly as described above in the 
case of the corresponding ethoxy-derivative. The ferrichloride 
crystallises from acetic acid in golden-yellow, hexagonal prisms 
which melt at 149° (Found: in material dried at 100°, C = 508; 
H = 3-1; Cl = 28-2. C,,H,,0,Cl,Fe requires C = 50-7; H = 3-0; 
Cl = 28-6 per cent.). 

This salt is sparingly soluble in cold acetic acid, but dissolves 
readily in the hot solvent. It is readily soluble in methyl and ethy| 
alcohols and also dissolves in water to a colourless solution which 
doubtless contains the pyranol ¥-base. In sulphuric acid it yields 
a pale yellow solution which exhibits olive-green fluorescence. 

7-Hydroxy-3-ethoxy-2-phenylbenzopyrylium Chloride (Formula 1). 
—A stream of hydrogen chloride was passed through a solution of 
w-ethoxyacetophenone (2 grams) and §-resorcylaldehyde * (1-6 


* We prepared this substance essentially by the method of Dimroth 
and Zoeppritz (Ber., 1902, 35, 995), but were unable to follow these authors 
at the stage of hydrolysis of the condensation product. Ultimately an 
entirely different process of hydrolysis was devised and the following are 
the details of the preparation, which gives good results and is easy to carry 
out. Phosphoryl chloride (10-2 grams) was added to a solution of resorcinol 
(22 grams) and formanilide (24-2 grams) in sufficient dry ether. The reaction 
soon commenced and was completed by gentle heating on the steam-bath 
during three or four hours. The mixture was allowed to remain over-night 
the ether was then decanted, and the yellow mass thoroughly washed with 
fresh ether. The salt was mixed with twenty times its weight of water and, 
if necessary, enough hydrochloric acid to give a reaction to Congo, and 
repeatedly extracted with ether on the shaking machine. In the final 
extraction only the liquid was saturated with salt. The combined ethereal 
solutions were dried with sodium sulphate, filtered, and the solvent removed. 
The yellow residue of resorcylaldehyde can be purified by crystallisation 
from water with the aid of animal charcoal, and the yield amounts to 16 grams 
or 60 per cent. of that theoretically possible. 
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s) in glacial acetic acid (5 c.c.), when orange-red crystals began 
to separate after an hour, and after a further two hours filled the 
jjquid. The salt was collected, drained as completely as possible, 
yashed with ether, and dried (2-5 grams). The acetic acid mother- 
liquor contained a further amount of the same substance, and this 
could be isolated by the addition of ether or employed for the 
reparation of the derivatives described below. The chloride was 
found to be readily soluble in hot dilute hydrochloric acid and 
qystallised on cooling the orange solution in beautiful clusters of 
orange-red needles which decompose at 210° (Found: in material 
dried over sulphuric acid in a vacuum, C = 673; H=4-9; 
(l= 12-0. C,,H,;0,Cl requires C = 674; H=50; Cl= 11-7 
per cent.). 

It is remarkable that this salt should prove to be anhydrous, 
as this is a very unusual property of benzopyrylium chlorides. 
The substance is readily soluble in methyl or ethyl alcohol and in 
sulphuric acid to a yellow solution which exhibits bright apple- 
green fluorescence. The chloride is at once hydrolysed by water 
with production of a deep crimson substance, which is probably 
a quinonoid anhydro-base derived from the y-pyranol. The sub- 
stance is best obtained by the addition of sodium acetate to a 
solution of the chloride in dilute hydrochloric acid, and a specimen 
was dried and examined. It dissolves in chloroform to a red 
slution and is sparingly soluble in benzene, separating from a hot 
lution in somewhat ambiguous microcrystalline form. It dis- 
solves in methyl alcohol to a yellow solution and is probably 
converted into an ether of the pyranol base. On the addition of 
water, a milky suspension is obtained of an almost colourless 
substance, and this is readily converted into the oxonium salt by 
the addition of a mineral acid, a clear orange solution being thus 
produced. 

The platinichloride separates in small, bright red needles on the 
addition of platinic chloride to a hot solution of the chloride in 
dilute hydrochloric acid. It is very sparingly soluble in hot dilute 
hydrochloric acid and decomposes at 225° after darkening at 220° 
(Found: Pt = 20-5. (C,,H,,0,Cl),PtCl, requires Pt = 20-7 per 
cent. }. 

The ferrichloride was prepared in the usual manner from the 
chloride and was also obtained from the acetic acid mother- 
liquor resulting from the preparation of the latter, by the addi- 
tion of a concentrated solution of ferric chloride in hydrochloric 
acid. The derivative crystallised from acetic acid in orange-red, 
diamond-shaped prisms (Found: C = 43-8; H = 3-2; Cl = 30-2. 
C,,H,,0,Cl,Fe requires C = 43-9 ; H = 3-2; Cl = 30-5 per cent.). 
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The substance darkens at 164° and melts at 170°. It is readily 
soluble in alcohol to a yellow solution, and moderately soluble jp 
chloroform to an orange-red solution. 

The mercurichloride crystallises from acetic acid in orange-red 
needles melting at 188°. 
“The iodide crystallises from methyl alcohol containing a little 
hydriodic acid and sulphurous acid in red, elongated, prismatic 
needles. On heating, it darkens at 160°, and at higher temper. 
atures shrinks without exhibiting a definite melting point. When 
water is added to this salt, a perfectly clear, brilliant crimson 
solution is obtained. This contains th» anhydro-base, doubtless 
in colloidal solution, and in a short time the substance separates 
as an intense mauve-crimson precipitate, leaving a colourless 
solution. The chloride also exhibits this property, but not in 
such a characteristic fashion. The iodide readily combines with 
iodine to form a periodide which crystallises in almost black needles, 
The perchlorate is a sparingly soluble and stable salt which 
crystallises from acetic acid in orange-yellow, hexagonal prisms 
melting at 248° with decomposition. The picrate crystallises 
from methyl! alcohol in small, red prisms which darken at 205° 
and decompose at 215°. 

7-Hydroxy-3-phenoxy-2-phenylbenzopyrylium Ferrichloride, 


FeCl, 


HO’ \/ Ph 
\M / OPh 


—w-Phenoxyacetophenone does not react with $-resorcylaldehyde 
with the facility which characterises the condensation of #-ethoxy- 
acetophenone described above, and it was found desirable to 
operate under the following conditions. Hydrogen chloride was 
led during four hours into a solution of #-phenoxyacetophenone 
(2 grams) and §-resorcylaldehyde (1-4 grams) in glacial acetic 
acid (5 ¢c.c.) contained in a vessel immersed in a bath at 40°. The 
blood-red solution was added to excess of dilute hydrochloric acid, 
and the mixture boiled and filtered. The addition of ferric chloride, 
dissolved in concentrated hydrochloric acid, to the clear orange- 
yellow solution caused the precipitation of the ferrichloride as an 
orange-yellow powder which rapidly became red. The substance 
was collected, dried (0°8 gram), and crystallised from glacial acetic 
acid. The salt is very readily soluble in the hot solvent, and 
separates on cooling in small, bright red tablets (Found : in material 
dried at 100°, C=490; H=30; Cl= 27:1. C,,H,;0,Cl,Fe 
requires C = 49°1; H = 2-9; Cl = 27°6 per cent.). The crystals 
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exhibit a beetle-green lustre and melt at 178°. The substance is 
readily soluble in methyl alcohol, and its solution in sulphuric acid 
exhibits bright apple-green fluorescence. Treatment with water 
hydrolyses the salt, and a deep crimson substance is produced. 
This dissolves in benzene to a red solution, and after concentrating 
to a small bulk a dark reddish-violet crust is deposited. This is 
apparently amorphous and melts at 155° after slight decom- 
position from 150°. The substance is clearly the anhydropyranol 
and dissolves in dilute hydrochloric acid to an orange-yellow 
solution, from which the ferrichloride may be regenerated. 


One of us (D. D. P.) desires to express his thanks to the Carnegie 
Trust for a scholarship which has enabled him to take part in this 
investigation. 

CHEMISTRY RESEARCH LABORATORY, 


UnireD COLLEGE oF St. SALVATOR AND St. LEONARD, 


THE UNIVERsItTy, St. ANDREWS. 
(Received, July 6th, 1922.] 


CLXXXIX.--The Constitution of Polysaccharides. 
Part V. The Yield of Glucose from Cotton Cellulose. 


By James CoLtquuoun IrvinE and Epmunp LANGLEY Hirst. 


Ix a previous communication (Irvine and Soutar, T., 1920, 117, 
1489) it has been shown that pure glucose can be obtained from 
cotton cellulose by conversion of the polysaccharide into the corre- 
sponding triacetate, which is then transformed into methyl- 
glucoside and finally into the parent hexose. Under the conditions 
originally described the yield of sugar thus obtained was 85 per 


le el ee «= | 


cent. of the theoretical amount calculated on the basis that cellulose 
is composed entirely of glucose units. Our further work on this 
subject has been directed to improving the various processes so as 
to account for this divergence of 15 per cent. from the theoretical 
value. 

In essentials the experimental methods remained the same as 
those already described (loc. cit.), but a considerable improvement 
was effected by conducting the acetolysis of cotton cellulose as 
recommended by W. L. Barnett (J. Soc. Chem. Ind., 1921, 40, 8 T.). 
An excellent yield of uniform cellulose triacetate was thus obtained, 
and as no dissolved sugar was found in the aqueous washings much 
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tedious work was eliminated. The conversion of the triacetate 
into methylglucoside was varied in many ways, as described jp 
the experimental part, but for quantitative work of this description 
the most accurate results were obtained by digesting small quanti. 
ties of the compound with methyl alcohol containing 0-75 per cent, 
of hydrogen chloride. The use of an autoclave was: therefor 
discontinued and the whole of this stage of the work was carried 
out in sealed tubes each containing about 4 grams of cellulose tri. 
acetate. After sixty to seventy hours at 125’, only a trace of solid 
matter remained, and the solution, which was faintly yellow in 
colour, contained the «- and 8-methylglucosides in equilibrium. The 
specific rotation of the liquid varied between the narrow limits 
+ 107—108°, the concentration being calculated on the assumption 
that the. whole of the cellulose had been transformed into methyl- 
glucoside. By means of control experiments it was shown that, 
under the conditions described, the equilibrium value given by 
the isomeric methylglucosides is [«], + 107°. Although this result 
might reasonably be claimed as evidence that the conversion of 
cellulose triacetate into methylglucoside is quantitative, our yields 
are now, as before, based on the weights of the glucosides obtained 
in pure analytical condition. 

Each of the reactions involved has been carried out on numerous 
occasions and by independent workers. With practice and experi- 
ence the yields obtained were regular, and we submit the average 
figures of a series of consistent experiments. 


Parts 
Cotton cellulose (anhydrous) ................... 100 Yield 
j 99-5 
RD IMRIOIIOD hiskacidccrccrasscecscciziiectons. EEG po? cam. 
a- and B-Methylglucosides ............-....e0006. L141 bp ee 
| per cent. 
Equivalent of glucose ............s.ceseeeeeeeeeeeee 106-0) 


The overall yield from the polysaccharide to the hexose is thus 
95-1 per cent. of the theoretical amount. Considering the standard 
of purity in which the mixed methylglucosides were isolated, 
there can be no further doubt that cotton cellulose is composed 
entirely of glucose residues (see also Monier-Williams, T., 1921, 
119, 803). 

Research on similar lines is being extended to the cellulose 
component of esparto, jute, and other fibre-bearing materials. 
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EXPERIMENTAL. 
Preparation of Cellulose Triacetate. 


The cellulose employed was kindly supplied by the Research 
Department of Messrs. Nobels, Ltd., Ardeer, and consisted ¥ of 
specially purified cotton containing 10 per cent. best grade Carolina 
and 90 per cent. best long-staple Sakelereides Egyptian cotton. 


Analysis gave : 


Per cent. 
ND, -s tesdincdncssavendeesemcecumeuaesalindaeaacn lee 
SN I aaiiss wisadavinseccacaddbekatehhaeeeisannney. | ae 
Soluble in 3 per cent. caustic soda ............eeeee000. 2°47 
0-37 


Copper reduction figure. ... 2... cccseccscccscccsee coe sccees 


The acetylation was carried out essentially in accordance with 
the method described by W. L. Barnett (loc. cit.), in which use 
is made of sulphuryl chloride as a catalyst, and the following is 
a description of a typical experiment. Ten grams of air-dried 
cotton cellulose were soaked with 50 c.c. of glacial acetic acid 
through which a stream of dry chlorine had been bubbled for 
thirty seconds. The mixture was set aside for half an hour, after 
which 60 c.c. of acetic anhydride were added and sulphur dioxide 
gas passed through the liquid for one minute. At the end of 
an additional hour, during which time the pasty mass was fre- 
quently stirred, the temperature was raised to 65°, and maintained 
at this point until the cellulose dissolved completely, giving a clear, 
colourless, viscous liquid. After cooling to 30°, an equal volume 
of chloroform was added, followed by a large excess of cold water. 
The chloroform was then evaporated, the mixture meanwhile being 
stirred continuously. During the process, the acetate separated in 
fine, granular particles, which were washed with several changes 
of water until free from acetic acid, and, after being dried at 100°, 
were finely powdered. Direct precipitation without the addition 
of chloroform gave a much bulkier precipitate, which, however, 
could not be powdered when dry and was much more difficult to 
manipulate in the subsequent experiments. Yield = 16-61 grams 
or 99-5 per cent. of the calculated amount of a cellulose triacetate. 
That no appreciable loss of material occurred during these opera- 
tions was confirmed by the fact that the aqueous-acid filtrate and 
washings had no action on Fehling’s solution, showed no optical 
activity and, on evaporation to dryness, gave a negligible residue. 
Several acetylations duplicate with that described were carried out, 
the yields varying between 99 and 100 per cent. of the theoretical 
value, allowance being made for moisture (1-5 per cent.) and 
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mineral matter (0-27 per cent.) [Found (corrected for mineral matte, 
present): C = 49°82; H = 5:36. C,H,0;(CH,°CO), requires ( ~ 
50-00; H = 5-55 per cent.]. 

It was considered necessary to determine the acetyl content of 
the specimens used in the subsequent operations. A weighed 
quantity of the acetate was treated for one and a half hours with 
a known excess of boiling aqueous sodium hydroxide, the up. 
neutralised alkali being thereafter estimated by titration with 
standard sulphuric acid. Owing to the partial solubility of the 
“regenerated cellulose’ in caustic alkali, each result had to be 
corrected by a control experiment in which pure cellulose was 
treated with sodium hydroxide under identical conditions of 
concentration and manipulation. A typical result is quoted : 

0-4850 Gram of the acetate required 6-0 c.c. of N-sodium 

hydroxide, while 1-0 c.c. was used in the control experiment, 
The percentage of acetyl was therefore 44-2. C,H,0;(CH,;CO), 
requires CH,-CO = 44:8 per cent. This method of analysis was 
compared with other quantitative saponification processes and 
found to be satisfactory. Using N /2-sodium hydroxide, the limit of 
error is of the order +1 percent. The cellulose triacetate, which 
had no action on Fehling’s solution except on prolonged boiling, 
showed in chloroform solution [«], = — 22-3° for c¢ = 0-§092. 
The compound was stable at 150°, and distillation with 12 per 
cent. aqueous hydrochloric acid gave only negligible traces of 
furfural in the distillate. 


Simultaneous Hydrolysis of Cellulose Triacetate and Condensation 
of the Products with Methyl Alcohol. 


In carrying out the above reactions by means of acid methyl 
alcohol the use of an autoclave is inadvisable, as part of the “re- 
generated cellulose’’ remains unaffected and the solution becomes 
discoloured. Attempts were therefore made to modify the reaction 
so as to avoid the necessity of using a large number of sealed tubes. 
The results obtained are summarised, as they illustrate the narrow 
limits which separate success and failure. 

Method A.—Cellulose triacetate boiled for twenty-four hours 
with methyl alcohol containing from 1 to 2 per cent. of hydrogen 
chloride. The material did not dissolve and no methylglucoside 
was formed. 

Method B.—Duplicate with the above, but using methyl alcohol 
and chloroform in equal volumes. Product consisted of regenerated 
cellulose and no methylglucoside was formed. 

Method C.—Duplicate with B, but using methyl alcchol (1 vol.) 
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and tetrachloroethane (2 vols.). T= 100°. Methyl glucoside was 
formed, but in poor yield. 

Method D.—Treatment of cellulose triacetate with cold methyl 
alcohol saturated with hydrogen chloride. A good yield of methy]l- 
glucoside was obtained, but the method is unsuitable for quantitative 
work on a large scale. 

In view of the above results the triple reaction was conducted 
in sealed tubes, each containing 4 grams of cellulose triacetate. 
A typical experiment is described. 

The acetate (1 part) was heated at 125° for sixty to seventy 
hours with pure methyl alcohol (15 parts) containing 0°75 per cent. 
of hydrogen chloride. At the end of this period only a trace of solid 
remained undissolved and the liquid had assumed a golden-yellow 
colour. Any acid remaining after this treatment was neutralised 
with silver carbonate, and the filtrate decolorised, if necessary, 
with charcoal. Precautions were taken to recover any product 
remaining in the silver residues, filter papers and charcoal, and 
finally the whole of the neutral decolorised liquor was evaporated 
to a syrup under diminished pressure in a tared flask. The last 
traces of solvent were removed at 100°/10 mm. by passing a current 
of dry air through the syrup until a constant weight was recorded. 
The product so obtained crystallised spontaneously, but, owing 
to the viscosity, solidification proceeded only slowly. Complete 
crystallisation was, however, effected by dissolving the syrup 
ina small quantity of hot alcohol and allowing the solution to 
remain for a few hours, after which the solvent was removed by 
distillation at 60—70° under diminished pressure. The residue 
then remaining was crisp and uniformly crystalline. The yields 
and analyses quoted refer in every case to the total material 
isolated in this manner without any further purification. Details 
of two typical experiments are recorded. 


I. II. 
Weight of acetate (dry, ash-free) ...... 3-990 grams 3-990 grams 
Acid methyl alcohol used adhe 75 per cent. 
hydrogen — * cscs Bes 60 c.c. 
Time at 125° ...... 50 hours 65 hours 
Weight of solid remaining in "sealed 
PUD a dccccce ime: San ae 0-012 gram 
Permanent spec ific "rotation . secssscseee [Q]p + 108-0° [a]p + 107-0° 
Yield of dry crystals .............:..s0e08. 2°570 grams 2-560 grams 
(cale., 2-685) 
me | 7 95-4 per cent. 


The crystals melted between 125—150°, a result which is in 
agreement with that recorded for the equilibrium mixture of a- 
and 8-methylglucosides (Irvine and Soutar, loc. cit.) and, without 
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recrystallisation, gave C = 43:12; H = 7:19; OMe = 15:93 (C,H,,0, 
requires C = 43°30; H = 7:22; OMe = 15°95 per cent.). No minem| 
matter was present and no furfural was liberated on treatment 
with 12 per cent. aqueous hydrochloric acid. The glucosides wer 
therefore pure. 

In acid methyl alcohol the mixed glucosides generally showed 
a specific rotation of the order [«],, + 92° (ce = 0-970), but after 
further treatment at 100° in a sealed tube this increased to q 
permanent value which in different experiments varied within 
the extreme limits [«],, + 106° to 108°. In most cases, however, 
the equilibrium rotation recorded was between [«],, + 107° and 
+ 108°. 

These figures are lower than the usually accepted value for the 
specific rotation of the equilibrium mixture of a- and $-methyl- 
glucosides (+-113°), but direct confirmation of the specific rotation 
+ 108° for the equilibrium mixture, under the conditions of the 
present series of experiments, was obtained from a control experi- 
ment in which pure «-methylglucoside was used. This showed 
an initial specific rotation of + 158° for c = 1°85 in acid methyl 
alcohol (1 per cent. HCl), and after twenty hours’ treatment in a 
sealed tube at 100° a constant value of [«],, + 107° was obtained. 
The optical change observed in the products of the sealed-tube 
experiments thus indicates that excess of §-methylglucoside is 
initially formed. The purity of the methylglucosides was estab- 
lished by hydrolysing with 4 per cent. hydrochloric acid at 
the boiling point. The final specific rotation, when recalculated 
for the weight of hexose formed, was + 520° in place of + 52°5°, 
and glucose was the only sugar present in the solution. The 
result was confirmed by titration, using Allihn’s method, when 
0°9624 gram of the mixed glucosides gave, on complete hydrolysis, 
0°902 gram of glucose. 


Isolation of a Sample of «-Methylglucoside. 

Recrystallisation of the mixed glucosides from absolute ethyl- 
alcohol gave the characteristic crystals of «-methylglucoside which 
melted at 165° and showed [«],, + 157°8° in aqueous solution 
(a = + 186°, 1 = 2,c = 0°5892). The figures for «-methylglucoside 
are respectively 165—166°, [«],,, in water, + 157°5°. The mother- 
liquors from the recrystallisation now contained a considerable 
excess of the B-form, and the syrup isolated from them showed in 
acid methyl alcohol the specific rotation [«], + 77°5°. This material 
was again heated in a sealed tube with 1 per cent. acid methyl 
alcohol for three hours at 100°, when the specific rotation was 
found to have risen to + 108°5, and at this value it remained 
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constant. ‘This result confirms the views expressed that no com- 

unds other than «- and 8-methylglucosides were present and that 
the conversion of cellulose triacetate into the mixed glucosides is a 
quantitative reaction. 


The authors express their indebtedness to the Research Scheme 
of the Carnegie Trust for generous help received, and to Mr. Wm. 
Rintoul of Messrs. Nobel’s Ltd., Ardeer. 


CHEMICAL RESEARCH LABORATORY, 
UNITED COLLEGE OF St. SALVATOR AND St. LEONARD, 
UNIVERSITY OF ST. ANDREWS. | Received, June 27th, 1922.] 


(XC.—Preparation of o-, m-, and p-Nitrophenoxy- 
acetic Acids and various WNitrotolyloxyacetic 
Acids and their Derivatives. 


By Tuomas Hosker Minton and HENRY STEPHEN. 


THE experiments described in the following account were intended 
to form Part III of the investigation on coumaranones, but as 
the experiments in the final stages have failed to yield the desired 
results it was decided to present the results independently. The 
latter have shown that it is impossible to effect ring-closure with 
0- m-, or p-nitrophenoxyacetic acid, using dehydrating agents, 
or with their acid chlorides, using aluminium chloride or copper 
powder, and the same remarks apply to the various nitrotolyloxy- 
acetic acids described in the following pages. This failure to bring 
about ring-closure is evidently connected with the ease with which 
the nitrophenoxy- and nitrotolyloxy-acetic acids undergo hydrolysis 
on boiling with sodium hydroxide solution, yielding the nitro- 
phenols and nitrocresols respectively. Any attempts to dehydrate 
the acids with phosphoric oxide resulted in complete decomposi- 
tion, and the action of aluminium chloride on the acid chlorides 
resulted in the formation of the nitro-phenol or -cresol. The 
experiments were carried out using both carbon disulphide and 
benzene as solvents, the acid chloride showing no tendency to 
react with benzene as in the ordinary Friedel-Crafts reaction. 

The behaviour of the nitrophenoxyacetic acids towards alkalis 
recalls the similar behaviour of the methyl ethers of nitrophenols 
obtained by methylation of the latter, which, according to Hewitt, 
Johnson, and Pope (T., 1913, 103, 1626), possess the structure, 
0:C,H,;NO-OMe, and are readily decomposed on boiling with 


1592 MINTON AND STEPHEN : PREPARATION OF O-, M-, AND 


sodium hydroxide solution, whereas the isomeric compound 
obtained by nitration of the phenol ethers are not decomposed 
and thus probably possess the normal structure, OMe-C,H,: ‘NO,, 
There is no evidence for concluding that the nitrophenoxyacets 
acids possess the analogous structure O:C,H,:NO-O-CH,-CO,H, 
although similarity in the behaviour of the acids towards alkalis 
and of the acid chlorides towards condensing reagents would appear 
to point to such a formula. Furthermore, Hewitt, Johnson, and 
Pope (loc. cit.) examined the reactions between the sodium salts 
of nitrophenols and ethyl chloroacetate and found that the sodium 
compound of m-nitrophenol reacts easily, whilst o- and p-nitro. 
phenols react with difficulty (compare Kym, J. pr. Chem., 1897, 
fii], 55, 113, 122). This difference was ascribed to the formation 
of quinonoid structure in the case of the o- and p-compounds. The 
present investigation has shown that m-nitrophenoxyacetic acid 
is as readily decomposed by alkali as the corresponding o- and 
p-acids. 


EXPERIMENTAL. 

Preparation of o-, m-, and p-Nitrophenoxyacetic Acids.—o- and 
p-Nitrophenoxyacetic acids have previously been prepared by the 
direct interaction of the sodium salts of the nitrophenols and 
chloroacetic acid, but the m-acid has not been prepared in this 
way. Hewitt, Johnson, and Pope (loc. cit.) describe its isolation 
by the hydrolysis of its ethyl ester, whilst Meyer and Duczmal 
(Ber., 1913, 46, 3366 et seq.) prepared its sodium salt by the addition 
of chloroacetic acid to alkaline sodium m-nitrophenoxide and sub- 
sequent heating of the mixture for three hours on the water-bath. 

The three mononitrophenoxyacetic acids have now been prepared 
as follows: A solution of sodium chloroacetate, prepared from 
48 grams (0°5 mol.) of the acid in 60 c.c. of water, was treated 
with a hot solution of the nitrophenol (69 grams ; 0°5 mol.) and 
sodium hydroxide (20 grams; 0°5 mol.) in 300 c.c. of water, and 
heated under reflux for ten to eleven hours. The mixture having 
been acidified while warm, the solid deposited on cooling was 
collected and purified by two crystallisations from hot water. 
The yields and m. p.’s of the nitrophenoxyacetic acids were: 
o-, yield 45 grams, m. p. 156°5°; m-, yield 60 grams, m. p. 151° 
(Hewitt, Johnson, and Pope, loc. cit., give 151°. Meyer and 
Duczmal, loc. cit., give 154—155°. Compare also Bischoff, Ber., 
1907, 40, 3143, who gives 152—153°, and Jacobs and Heidelberger, 
J. Amer. Chem. Soc., 1917, 39, 2191, who give 154—155° [corr.]); 
p- yield 50 grams, m. p. 184° (Fritsche, J. pr. Chem., 1897 [ii], 
20, 290, and Pratesi, Gazzetta, 1891, 21, ii. 403, give 183°). 
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The acids are fairly soluble in hot water and readily soluble in 
the usual organic solvents. They are not decomposed on distilla- 
tion with steam or on boiling with moderately concentrated hydro- 
chloric acid. Hot dilute sodium hydroxide solution decomposes 
the acids forming the sodium nitrophenoxides. In the case of 
o-nitrophenoxyacetic acid, this is not in accordance with Thate’s 
statement (J. pr. Chem., 1884 [ii], 29, 148) that the acid is stable 
even on boiling with concentrated potassium hydroxide solution. 
This has not been confirmed on a repetition of the experiment. 

o-, m-, and p-Nitrophenoxyacetyl chlorides, CgH,O,NCl, were 
prepared by the action of thionyl chloride (1°5 mols.) on the acids 
(1 mol.). After gently heating the mixture for one hour, the 
excess of thionyl chloride was removed on the water-bath, and it 
was found that the acid chlorides were decomposed even by dis- 
tiation under diminished pressure. They were finally obtained 
pure by crystallisation from dry benzene, and in each case gave 
good yields of large, white prisms, m. p. respectively 43—44'5°, 
49—51°, and 83°5—84°4°. Jacobs and Heidelberger (J. Amer. 
Chem. Soc., 1917, 39, 2424) have obtained small yields of the 
9 and p-acid chlorides melting at 41—42° (corr.) and 86—87° 
corr.) respectively by the action of phosphorus pentachloride on 
the acids. 

Methyl and ethyl o-, m-, and p-nitrophenoxyacetates, C;HzO;N 
and C,)H,,0,;N respectively, were prepared by dissolving the acid 
chlorides in methyl and ethyl alcohols. All except ethyl m-nitro- 
phenoxyacetate were obtained in the crystalline form, but this 
compound was isolated by pouring the reaction mixture into 
water and extracting with ether. After removing the ether the 
yellow, oily residue distilled at 187°/14 mm. (compare Hewitt, 
Johnson, and Pope, loc. cit., who give b.p. 208—212°/30 mm.). 
Methyl o-nitrophenoxyacetate, white needles, m. p. 58°. Dupare (Ber., 1887, 

20, 1944) gives 58°5 
66-5°. 
99°. Fuchs (D.R.-P. 


” m- ”° ” ” ” 29 


” P- ” ”? ” ””? ” 
96492) gives 100- 
101°. 
Ethyl o- “ o » leaflets, ,, 46—47°. Kym (J. pr. 


Chem., 1897, [ii], 
55, 122) gives 46— 
47°. Dupare (loc. 
cit.) gives 49.° 
74—75°. Kym (loc. cit.) 
gives 75—76°. 
Fuchs (loc. cit.) 
gives 73—74°. 


o-, m-, and p-Nitrophenoxyacetamides, C,H,O,N,.—The o- and 


p-compounds have been obtained by Jacobs and Heidelberger 
VOL. CXXII. 3K 
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(loc. cit., p. 2421; D.R.-P. 108342) by the action of ammonia oy 
the corresponding ethyl esters. The three amides were obtaing 
in good yield by treating the acid chlorides with ammonia o 
ammonium carbonate. o-Nitrophenoxyacetamide forms fine, white 
needles, m. p. 188° (Jacobs and Heidelberger, loc. cit., give 194~ 
195°). m-Nitrophenoxyacetamide crystallises in pale yellow prisms, 
m. p. 178°5°, and the p-isomeride in white needles, m. p. 154—15;° 
D.R.-P. 108342 gives 154—156°). 

The amides are sparingly soluble in cold alcohol or benzene, 
but dissolve readily on warming. They are rapidly hydrolysed 
on boiling with dilute sodium hydroxide solution, and slowly on 
boiling with water. 

o-,m-, and p-Nitrophenoxyacetanilides, C,,H90,N,, were prepared 
by treating the acid chlorides (1 mol.) with freshly distilled aniline 
(2 mols.). The anilides were readily hydrolysed on boiling with 
sodium hydroxide solution. 0-Nitrophenoxyacetanilide forms yellow 
leaflets, m. p. 118-5° (Found: N= 10-18). The m-isomeride 
crystallises in fine, white needles m. p. 125° (Found: N = 10-27), 
and the p-isomeride in yellow leaflets, m. p. 170° (Kym, loc. cit., 
gives 170—171°) (C,,H,,.0O,N, requires N = 10-30 per cent.). 

4-Nitro-m-tolyloxyacetic acid, NO,*C,H,Me-O-CH,*CO,H, was pre- 
pared from 4-nitro-m-cresol and chloroacetic acid by the method 
already described for the nitrophenoxy-acids. Unchanged nitro- 
cresol was removed by distillation in steam, and the acid crys. 
tallised from hot water in pale yellow needles, m. p. 157—158°. 
It is easily soluble in alcohol or ether, sparingly in cold benzene, 
but readily on warming. (Found: N=7-01. C,H,O;N requires 
N = 6-64 per cent.). 

3-Nitro-p-tolyloxyacetic acid was prepared from 3-nitro-p-cresol 
and chloroacetic acid, and crystallised from hot water in pale yellow 
prisms, m. p. 141-5°. It is non-volatile in steam and stable to 
steam distillation. It is readily soluble in alcohol or ether, but 
only with difficulty in benzene. The yield was 50 per cent. of 
that theoretically possible (Found : N = 6-87. C,H,O;N requires 
N = 6-64 per cent.). 

Derivatives of 3-Nitro-p-tolyl- and 4-Nitro-m-tolyl-oxyacetic Acids. 
—The acid chlorides, C\H,0,NCI, were obtained by treating the acids 
with thionyl chloride and were crystallised from benzene. 3-Nitro- 
p-tolyloxyacetyl chloride forms fine, white needles, m. p. 66°, and 
4-nitro-m-tolyloxyacetyl chloride pale yellow needles, m. p. 103-5°. 

The methyl and ethyl esters, C,gH,,O;N and C,,H,,0;N respec- 
tively, were obtained from the acid chlorides by the method already 
described. Ethyl 3-nitro-p-tolyloxyacetate was obtained as a pale 
yellow oil in the same way as ethyl m-nitrophenoxyacetate. It 
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decomposed on distillation under diminished pressure, and showed 
igns of approaching crystallisation when cooled in ice and salt. 

The methyl ester separated from methyl alcohol in pale yellow 
needles, m. p. 43°. Methyl 4-nitro-m-tolyloxyacetate, m. p. 69-5°, and 
the ethyl ester, m. p., 67°, crystallised from the respective alcohols 
in pale yellow needles. 

The amides, CH, 90,N., were obtained in good yield by treat- 
ing the acid chlorides with excess of solid ammonium carbonate. 
3.Nitro-p-tolyloxyacetamide forms fine, pale yellow needles (from 
ethyl alcohol), m. p. 198° (Found: N = 13-52). 4-Nitro-m- 
tlyloxyacetamide crystallises from ethyl alcohol in fine, pale yellow 
needles, m. p. 163° (Found: N = 13:31. C,H,,0,N, requires 
N = 13-34 per cent.). 

They are sparingly soluble in the usual organic solvents in the 
cold, but dissolve readily on warming, and are slowly hydrolysed 
on boiling with sodium hydroxide solution. 

The anilides, C,;H,,0,Nj, were prepared by treating the acid 
chlorides (1 mol.) with freshly-distilled aniline (2 mols.). 3-Nitro-p- 
olyloxyacetanilide is a white, crystalline powder (from ethyl alcohol), 
m. p. 116:5° (Found : N = 9-89) whilst 4-nitro-m-tolyloxyacetantlide 
aystallises from ethyl alcohol in white leaflets, m. p. 202° (Found : 
N=9-85. C,;H,,0,N, requires N = 9-79 per cent.). 

These anilides are only sparingly soluble in ethyl alcohol and 
the usual organic solvents, and are only slowly hydrolysed on 
boiling with dilute sodium hydroxide solution. 


Me 


. _  “\O-CH,-COjH 
3-Nitro-o-tolyloxyacetic acid,| |. *~~*”", was prepared 
\/NOs 

from chloroacetic acid and 3-nitro-o-cresol as pale yellow needles, 
m. p. 129° (Found: N = 6°82. C,H,O;N requires N = 6-64 per 
cent.). It is easily soluble in the usual organic solvents and hot 
water, is non-volatile, and remains undecomposed in a current 
of steam. The yield was not so good as in the two previous 
cases owing to the rapid decomposition of this acid when warmed 
with dilute sodium hydroxide solution. 

3-Nitro-o-tolyloxyacetyl chloride, C\H,O0,NCI, was prepared by the 
action of thionyl chloride on the acid and obtained from benzene 
as a white, crystalline powder, m. p. 55°. It has a pungent odour 
and is readily reconverted to the acid on treatment with water. 

The methyl and ethyl esters, C;gH,,O;N and C,,H,,0;N respec- 
tively, were obtained by treatment of the acid chloride with excess 


of methyl or ethyl alcohol respectively, and were recrystallised 
3K 2 
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from ethyl alcohol. The methyl ester forms white needles, m. p. 
46-5°, and the ethyl ester fine, white needles, m. p. 46°. 

3-Nitro-o-tolyloxyacetamide, CyH,90,N, was prepared in good 
yield by the action of solid ammonium carbonate on the acid 
chloride, and crystallised from alcohol as white crystals, m. p. 149° 
It is sparingly soluble in the usual organic solvents in the cold, 
readily on warming, and is fairly easily hydrolysed on boiling with 
dilute sodium hydroxide solution (Found: N = 13-63. C,H, ,0,N, 
requires N = 13-34 per cent.). 

3-Nitro-o-tolyloxyacetanilide, C,;H,,0,N., was obtained by the 
method already described, and crystallised from alcohol as white 
needles, m.p.101°. It is not readily soluble in cold organic solvents, 
but is more soluble on warming, and is hydrolysed on boiling 
with sodium hydroxide solution (Found: N = 9-94. C,;H,,0,N, 
requires N = 9-79 per cent.). : 

2-Nitro-p-tolyloxyacetic acid was prepared in good yield from 
2-nitro-p-cresol, obtained by nitration of p-tolyl carbonate and 
hydrolysis of the product (compare Hollemann and Hoeflake, 
Rec. trav. chim., 1916, 36, 272), and chloroacetic acid. The excess 
of nitrocresol was removed by crystallising the product first from 
water and then from alcohol. The acid was obtained as pale 
yellow crystals, m. p. 151° (Jacobs and Heidelberger, loc. cit., give 
151—154° [corr.]) (Found : N = 6-91 per cent.). 

It is readily soluble in the usual organic solvents and hot water, 
but almost insoluble in cold water, and is non-volatile and stable 
in a current of steam. It is much less readily decomposed by 
treatment with warm dilute sodium hydroxide solution than the 
acids previously described. 

2-Nitro-p-tolyloxyacetyl chloride, CjH,O,NCl, was obtained by 
the action of thionyl chloride on the acid, and isolated as a white, 
crystalline mass, m. p. 18°. 

The methyl and ethyl esters, C,jgH,,O;N and C,,H,,;0;N respec- 
tively, were obtained by methods similar to those already described. 
They crystallise in pale yellow needles, m. p. 52° and 30°, respec- 
tively. 

2-Nitro-p-tolyloxyacetamide, CgH,9O,N,, was prepared as already 
described, and crystallised from alcohol as pale yellow needles, 
m. p. 130°. It is soluble in the usual organic solvents, readily 
when warm but sparingly in the cold, and is slowly hydrolysed 
with hot dilute sodium hydroxide solution (Found: N = 13°59. 
C,H, ,0,N, requires N = 13°34 per cent.). 

2-Nitro-p-tolyloxyacetanilide, C,,;H,,0,N,, was prepared from the 
acid chloride and freshly-distilled aniline, and crystallised from 
alcohol as pale yellow needles, m. p. 124°5. It is readily soluble 


re 
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in hot organic solvents, but almost insoluble in cold, and is hydro- 
lysed slowly with hot dilute sodium hydroxide solution (Found : 
N= 10:07. C,,;H,,0,N, requires N = 9°79 per cent.). 

Reduction of m-Nitrophenoxy- and Nitrotolyloxy-acetic Acids.— 
Thate (J. pr. Chem., 1884, [ii], 29, 148) investigated the reduction 
of o-nitrophenoxyacetic acid under various conditions, and by 
using sodium amalgam or iron filings with acetic acid he obtained 
the inner anhydride (II) of o-aminophenoxyacetic acid (1). 


-H,O /NH—CO 


When reduction was carried out with stannous chloride and 
hydrochloric acid, chlorination in the nucleus took place, giving 
a monochloro-derivative of II. On the other hand, Howard 
(Ber, 1897, 30, 546) reduced p-nitrophenoxyacetic acid with 
granulated tin and glacial acetic acid and obtained p-acetylamino- 
phenoxyacetic acid. 

m-Aminophenoxyacetic Acid, C,H,O,N.—m-Nitrophenoxyacetic 
acid was reduced by Howard’s method (Joc. cit.), and instead of the 
expected m-acetylaminophenoxyacetic acid gave m-aminophenoxy- 
acetic acid, which crystallised as small, pale yellow needles sinter- 
ing at 204° and gradually decomposing. It is soluble in hot water 
or alcohol and sparingly soluble in ether or benzene (Found : 
N= 8-52. C,H,O,N requires N = 8°38 per cent.). The acetyl 
compound crystallised from hot water as a fine, yellow powder, 
m. p. 167—168° (Found: N = 6°51. C,,H, 90,N requires N = 6°70 
per cent.). 

Aminotolyloxyacetic Acids.—3-Nitro-p-tolyl-, 4-nitro-m-tolyl-, and 
3-nitro-o-tolyl-oxyacetic acids were reduced by Thate’s method 
(loc. cit.) using iron filings and 25 per cent. aqueous acetic acid, 
and in all three instances the inner anhydrides only were isolated, 
all of which crystallised from dilute alcohol in colourless needles. 


M.p. N per cent. 
Inner anhydride of 


3-Amino-p-tolyloxyacetic acid : . 209° 8°65 
4-Amino-m-tolyloxyacetic ,, 193 8°69 
195 8°71 


3-Amino-o-tolyloxyacetic , 
(Cj,H,O,N requires N = 8°59 per cent.). 


2-Amino-p-tolyloxyacetic acid, C,H,,0,N, was prepared by 
reducing the corresponding nitro-acid with stannous chloride 
dissolved in concentrated hydrochloric acid. It was obtained as 
a pale yellow, crystalline powder, soluble in boiling water, hydro- 
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chloric acid, or hot alcohol and almost insoluble in cold alcohol, 
It sintered at 240° and gradually decomposed (Found: N = 7-98 
CyH,,0,N requires N = 6-28 per cent.). 

The acetyl compound crystallised from water as white needles, 
m. p. 169° (Found: N = 65. C,,H,,0,N requires N = 6:28 per 
cent.). 


The authors desire to thank Mrs. E. Stephen, M.Sc., for assistance 
in preparing the above for publication. 
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CXCI.—Studies in the Coumaranone Series. Part II. 
The Preparation of 4 and 6-Chlorocoumaran-2 
ones and their Conversion into 2- and 4-Chloro- 
flavonols respectively, and some Derivatives of 
o- and p-Chlorophenoxyacetic Acids. 


By Tuomas Hosker Minton and Henry STEPHEN. 


Ir has already been shown by Higginbotham and Stephen (T., 
1920, 117, 1534) that coumaranones may be obtained from 
phenoxy-acetic acid and its derivatives by the action of aluminium 
chloride on the corresponding acid chlorides, ring-formation taking 
place as follows : 


/\ coal AW 
( | dn > me ~ 
Aon \/\0/i 


The investigation has now been continued and extended along 
similar lines, and attempts have been made to prepare coumaran- 
ones containing nitro-groups and chlorine atoms in the aromatic 
nucleus. Only in the case of the chlorophenoxyacetic acids could 
the acid chlorides be converted by the above treatment into 
coumaranones. 

The o- and p-chlorophenoxyacetic acids required in the follow- 
ing experiments were readily prepared by the interaction of chloro- 
acetic acid and the corresponding chlorophenols in alkaline solu- 
tion. Numerous derivatives of the two acids and the conversion 
of the chlorides of the acids into 6- and 4-chlorocoumaran-2-ones 


Ina 
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(I and II respectively), and the preparation of flavonols from the 


latter are described in the experimental part of the paper. 
» (2 cK” S——CO ay) 
\/N0/CH2 \/N0/CHe2 
Cl 


The method adopted for preparing the flavonols was similar to 
that described by Auwers and Miiller (Ber., 1908, 41, 4233). 
6-Chloro- 1-benzylidenecoumaran-2-one (III) prepared from 
§-chlorocoumaran-2-one and benzaldehyde, gave the dibromide (IV) 
on treatment with bromine, and the latter on treatment with 
V/10-sodium hydroxide solution yielded 4-chloroflavonol (V) : 


——— oe 
| | 1 Br, | NaOH 
\ A 0/CiCHPh —> \/\o0/CBrCHBrPh —=+ 
Cl C 
(IIT.) (IV.) 
CO—C-O 

( Y ty 

FP es 

ci ~O 

(V.) 


Ina similar way 4-chlorocoumaran-2-one (II) gave 2-chloroflavonol. 


ExPERIMENTAL. 


o- and p-Chlorophenoxyacetic Acids. — The o-acid is stated 
(D.R.-P. 264267) to have been prepared by the action of hot, 
concentrated hydrochloric acid on “ oxymercurychlorophenoxy- 
acetic acid.” No description or properties of the acid are given. 
The p-acid chloride was prepared by Michael (Amer. Chem. J., 
1887, 9, 216) by chlorination of phenoxyacetic acid with phos- 
phorus pentachloride. He gives the m. p. of the acid as 151—152°. 
Peratoner (Gazzetta, 1898, 28, i, 239) has also described the pre- 
paration of the p-acid by the chlorination of phenoxyacetic acid 
with sulphuryl chloride, and gives the m. p. as 150—151°. 

The above methods of preparing the p-acid are open to the same 
objection that a certain amount of the o-acid is formed at the 
same time during the chlorination, and their separation is not 
likely to be an easy one. The purity of the p-acid, as indicated 
by the melting points given above, is somewhat in doubt, and the 
following experiments show that the pure p-acid melts at 155— 
156°. 


1600 MINTON AND STEPHEN : 


3 Both acids are readily prepared by the action of chloroacetic 
acid on the corresponding chlorophenols in alkaline solution. Th 
purification of the crude product was mainly dependent on the 
non-volatility and stability of the acids in a current of steam, 

A solution of sodium chloroacetate prepared from 96 grams 
(1 mol.) of the acid and 53 grams (0-5 mol.) of sodium carbonate 
was added to a solution of 128 grams (1 mol.) of chlorophenol and 
40 grams (1 mol.) of sodium hydroxide in 350 c.c. of water, and 
heated under a reflux for six to eight hours. The mixture was 
immediately acidified with 2N-hydrochloric or sulphuric acid. 
and, on cooling, a white, crystalline product was obtained which 


was filtered and washed with 20 c.c. of light petroleum to remoye 
any traces of chlorophenol. The total yield was 180 grams. 

Purification of the Acids—The crude o-acid was dissolved in 
3 litres of water by passing through the liquid a current of steam, 
which removed traces of unchanged o-chlorophenol. The filtered 
solution, on cooling, deposited fine, white needles, m. p. 145—146°, 
A further recrystallisation from water, alcohol, or benzene did not 
affect the melting point (Found : Cl = 19°18 per cent). 

Since p-chlorophenol is not readily volatile in steam, the crude 
p-acid was dissolved in 3-5 to 4 litres of water by passing a current 
of steam through the mixture. The filtered solution, on cooling, 
deposited large, rhombic prisms, m. p. 155—156° (Found : Cl = 19-11 
per cent.*). 

o- and p-Chlorophenoxyacetyl Chlorides—To 10 grams (1 mol.) 
of the acid, previously carefully dried at 80°, 15 grams (1-66 mols.) 
of thionyl chloride were added. Reaction took place immediately 
in the cold, and after a short time the mixture was warmed at 60° 
under reflux for one and a half hours. Excess of thionyl chloride 
was removed by distillation at 30°/20 mm., and the residue dis- 
tilled under diminished pressure. Ten grams of each acid chloride 
were obtained as a pale yellow liquid, the yields being about 90 per 
cent. of the theoretical. Both products finally solidified to a mass 
of colourless needles on cooling in ice. The o-chloride has b. p. 
136°/12 mm. and m. p. 18-4°, and the p-chloride, b. p. 142°/17 mm., 
and m. p. 18-8°. They are both soluble in carbon disulphide, benz- 
ene, or ether, and are readily hydrolysed by water to the corre- 

sponding acids. On long standing, they become coated with a red 
deposit, probably an oxidation product. They have pungent and 
characteristic odours. 

Methyl and Ethyl o- and p-Chlorophenoxyacetates—The esters 
were formed by dissolving the acid chlorides in the requisite 


* All estimations of chlorine mentioned in this work were carried out 
by Robertson’s method (T., 1915, 107, 902). 
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‘Oacetic#  cohols and subsequently purifying by distillation. Methyl o- and 
The pchlorophenoxyacetates are colourless oils, b. p. 186—188° and 
On thef i77—180° respectively. Ethyl o- and p-chlorophenoxyacetates 
- crystallise from alcohol in white needles, m. p. 32° and 49° 
he = respectively. 
nate 6. and p-Chlorophenoxyacetamides—Two grams of the acid 
ol and chloride were mixed with excess of ammonium carbonate in a small 
i and flask, and after the first vigorous reaction had subsided, the mixture 
© Was f vas heated on the water-bath for half an hour. After cooling, 
aa the ammonium chloride and carbonate were removed with water, 
wi and the residue crystallised from ethyl alcohol. Both amides are 
© F readily soluble in hot water, ethyl alcohol, or benzene. 0-Chloro- 
od in phenoxyacetamide forms white needles, m. Pp. 149-5° (Found : 
wie (l= 19:13 per cent.). p-Chlorophenoxyacetamide crystallises- in 
we white needles, m. p. 133° (Found: Cl = 19-32. C,H,O,NCI requires 
146° (] = 19-11 per cent.). 
| pa o- and p-Chlorophenoxyacetanilides.—These were readily obtained 
by the action of aniline (2 mols.) on the acid chlorides (1 mol.) in 
- benzene solution. After removal of the benzene by evaporation, 
nee the residue was washed with water to remove aniline hydrochloride, 
ing § a purified by crystallisation from ethyl alcohol. The anilides 
, Il are readily soluble in the usual organic solvents. 


0-Chlorophenoxyaceianilide forms white needles, m. p. 121° (Found : 
(i= 13-55) and the p-isomeride, white needles, m. p. 125° (Found: 
(l= 13-67. C,,H,,0,NCl requires Cl = 13-55 per cent.). 

6-Chlorocoumaran-2-one (1).—To an ice-cold solution of 20 grams 
of o-chlorophenoxyacety] chloride in 200 grams of carbon disulphide, 
20 grams of finely powdered aluminium chloride were added slowly 
during two hours. The red solution and solid, after standing in 
the cold for several hours,* were decomposed by concentrated 
hydrochloric acid and powdered ice. The oil obtained was distilled 
with steam for several hours until the distillate showed no reducing 
action with Fehling’s solution. The distillate was extracted with 
ether, and after removing the solvent the brown residue was 
crystallised from ethyl alcohol as brilliant, pale yellow leaflets, 
m. p. 110-5°. 

The coumaranone rapidly reduces Fehling’s solution, gives an 
immediate precipitate of silver with Tollens’s reagent and a purple 
coloration with ferric chloride solution. It gives a red solution 
in cold concentrated sulphuric acid or in cold sodium hydroxide 
solution. Crystals of the coumaranone turn yellow on exposure 


* It is essential that the mixture should not be left too long, as the yield 


appears to be adversely affected. 
3 k* 
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to air (Found : Cl = 21-44. C,H;0,Cl requires Cl = 21-04 pe 
cent.). 

The oxime crystallised from dilute alcohol as small, yelloy 
needles, m. p. 170°5° (Found: N = 7:50. CgHgO.NCI requires 
N = 7-63 per cent.). 

The semicarbazone crystallised from alcohol as yellow needles, 
m. p. 228° (Found: N = 18-23. C,H,O,N,Cl requires N = 18-63 
per cent.). 

The p-nitrophenylhydrazone, obtained as a red, crystalline 
powder from dilute acetic acid, melts at 196° (Found: N = 14.03, 
C,,H,90,N,Cl requires N = 13-84 per cent.). 

6-Chloro-1-benzylidenecoumaran-2-one (III) was prepared by 
Auwers and Miiller’s method (Ber., 1908, 41, 4233). A solution of 
5 grams of the coumaranone and 3-2 grams of benzaldehyde in a 
little ethyl alcohol was warmed at 60° and 1—2 c.c. of concen. 
trated hydrochloric acid were slowly added. The reaction mixture, 
on cooling, deposited a mass of fine, yellow needles, which were 
recrystallised from dilute alcohol in large yield, m. p. 143° (Found: 
Cl = 13-73. C,;H,O,Cl requires Cl = 13-82 per cent.). 

6-Chloro-1-benzylidenecoumaran-2-one dibromide (IV) was pre. 
pared according to Auwers and Miiller’s method (loc. cit.). Toa 
solution of 5 grams of the benzylidene compound in 10 c.c. of chloro. 
form a solution of 3:1 grams of bromine in 10 c.c. of chloroform 
was added slowly. The mixture was allowed to remain over. 
night, and the chloroform then removed at room temperature 
under diminished pressure. The crude product was recrystallised 
from hot, glacial acetic acid as a white, crystalline powder, 
m. p. 147° (Found: total halogen = 46-51. C,,H,O,CIBr, requires 
halogen = 46-90 per cent.). 

4-Chloroflavonol (V) was prepared by the method of Auwers and 
Miiller (loc. cit.), who obtained 2-methylflavonol by the action of 
two equivalents of 0-1 N-potassium hydroxide on an alcohol solu- 
tion of 1-benzylidene-4-methylcoumaranone dibromide. Two grams 
of the dibromide already prepared were dissolved in 150 c.c. of 
boiling alcohol, 100 c.c. of 0-1 N-potassium hydroxide were slowly 
added, and the boiling was continued for ten minutes. On the 
addition of water the impure flavonol was precipitated as a 
brown powder, which was washed with water and crystallised from 
glacial acetic acid as pale yellow needles, m. p. 187°. The yield 
was | gram. 

The flavonol is easily soluble in the usual organic solvents. 
Its solutions in cold concentrated sulphuric acid and sodium 
hydroxide are deep yellow. It does not reduce Tollens’s reagent 
(Found: Cl = 12-28. C,,;H,O,Cl requires Cl = 13-01 per cent.). 
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The acetyl compound of the flavonol was obtained (a) by the 
action of acetic anhydride on the flavonol, or (6) by the action 
of acetyl chloride on the flavonol dissolved in pyridine. The latter 
method gives the better yield; the acetyl compound was obtained 
as fine, glistening needles from methyl alcohol, m. p. 155°. It was 
hydrolysed on boiling for half an hour with dilute sodium hydroxide 
solution, the flavonol being obtained after acidifying. 

4-Chlorocoumaran-2-one (II), prepared from p-chlorophenoxy- 
acetyl chloride in a similar manner to that described for 6-chloro- 
coumaran-2-one, was obtained in brilliant, yellow leaflets, m.p. 
113:5°, having similar chemical and physical properties (Found : 
(] = 21:34. C,H,O,Cl requires Cl = 21-04 per cent.). 

The oxime was obtained as fine, yellow needles from dilute 
alcohol, m. p. 168° (Found: N= 7-15. C,H,O,NCI requires 
N = 7-63 per cent.). 

The semicarbazone forms yellow crystalline powder from alcohol, . 
m. p. 221° (Found: N = 18-36. C,yH,O,N,Cl requires N = 18-63 
per cent.). 

The p-nitrophenylhydrazone, obtained as a red, crystalline powder 
from dilute acetic acid, melted and decomposed at 189° (Found : 
N= 13-56. C,,H,9O,N,Cl requires N = 13-84 per cent.). 

4-Chloro-1-benzylidenecoumaran-2-one crystallises in fine, yellow 
needles from dilute alcohol, m. p. 165° (Found: Cl == 13-59. 
C,;H,O,Cl requires Cl = 13-82 per cent.). 

4-Chloro-1-benzylidenecoumaran-2-one dibromide forms — small, 
white prisms from glacial acetic acid, m. p. 154° (Found: total 
halogen = 46°73. C,,H,O,CIBr, requires halogen = 46-90 per 
cent.). : 

2-Chloroflavonol forms yellow, glistening needles from glacial 
acetic acid, m. p. 162° (Found: Cl = 12°85. C,,;H,O,Cl requires 
Cl = 13-01 per cent.). 

The acetyl compound was obtained as fine, white needles, m. p. 
140°. A small portion of it was hydrolysed to the flavonol by 
digestion with alcoholic sodium hydroxide, and the product melted 
at 161°. The properties of 2-chloroflavonol are similar to those 
of 4-chloroflavonol previously described. 


The authors desire to thank Mrs. E. Stephen, M.Sc., for assistance 
in preparing the above for publication. 
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CXCII.—Tautomerism of Dyads. Part I. Detection 
of Tautomeric Equilibria in Hydrocyanic Acid. 


By Epirax Himpa UsHEerwoop. 


ONE of the least developed branches of the study of tautomerism 
is that concerned with the small but important group of organic 
substances termed by van Laar “dyads.” Hydrocyaniec acid 
and the cyanogen haloids are amongst the simplest of this class, 
and there can be no doubt that the reason why, despite the large 
amount of work that has been done on these substances, no definite 
conclusion has as yet been reached as to their precise molecular 
condition is that in these cases the extreme rapidity of the isomeric 
interchange, if it exists, is such as to render powerless those chemical 
and physical methods which have been employed successfully in 
following the attainment or detecting the existence of tautomeric 
equilibria in triads. New methods appear to be required, and it is 
the purpose of the series of papers, of which this is Part I, to develop 
the application of new methods to this problem. 

Particular interest attaches to hydrocyanic acid. It is unneces- 
sary to enter into the details of the evidence relating to the structure 
of this substance, but it may be stated broadly that, so far as 
chemical considerations go, the hydrolysis of hydrocyanic acid 
resembles that of a nitrile (Wade, T., 1902, 81, 1596), whilst its 
methylation with diazomethane, the mechanism of which has been 
investigated by Peratoner and Palazzo (Gazzetta, 1908, 38, 1, 76), 
appears to point equally conclusively to the isonitrile formula. 
As regards physical evidence, Briihl has shown, on the one hand, 
that the refractivity of hydrocyanic acid agrees with that calculated 
from the nitrile formula (Z. physikal Chem., 1895, 16, 512; com- 
pare Meyer and Hopff, Ber., 1921, 54,[B], 1709) whilst, on the other 
hand, Lemoult has proved that the heat of combustion agrees with 
the tsonitrile formula (Compt. rend., 1906, 143, 902). It is solely 
from facts such as these that we are forced to conclude that hydro- 
cyanic acid is neither wholly a nitrile nor wholly an isonitrile, but a 
mobile equilibrium mixture of these isomerides. Yet the inability 
of the methods hitherto employed definitely to detect the existence 
of an equilibrium is clearly demonstrated by the mutually contra- 
dictory conclusions to which they have led. All the circumstantial 
evidence appears to point to the existence (which will be assumed 
in what follows) of an extremely rapid interchange, the character of 
which approaches, perhaps more closely than in any other case, that 
which Lowry has aptly termed “ flickering ” tautomerism. 
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The principle underlying the method of experiment now em- 

ployed depends ultimately on the fact that an equilibrium 
HCN == HNC 

(where HCN = formonitrile, and HNC = carbylamine, without 
prejudice to the possible occurrence of bivalent carbon in the latter) 
must alter with temperature by an amount depending on the heat, 
g, of the complete change 

HCN = HNC + q. 
For a moderate rise of temperature this shifting of the equilibrium 
might be small, perhaps a few units per cent. only; but as the value 
of q (estimated at — 7000 gram-calories per gram-molecule by 
Lemoult (loc. cit.) from his own and Berthelot’s thermochemical 
measurements on homologous nitriles and tsonitriles) is enormous 
incomparison with the true specific heat (of the order of 10 calories), 
this small shifting must add very appreciably to the amount of 
heat which would otherwise have sufficed to raise the temperature 
by 1°. The result, therefore, is that the apparent specific heat is 
greater than the true specific heat, calculated according to the law 
of mixtures, by a certain definite fraction of the heat of reaction, q. 
We do not know what the specific heat of pure liquid HCN or liquid 
HNC should be, but in the case of the vapours the true specific 
heat at constant volume of either substance must be very close to 
Tcalories.* It is plain, therefore, that the influence of the tauto- 
meric equilibrium on specific heat is far greater than its influence 
on refractivity, or, indeed, on any property which is merely affected 
in accordance with the law of mixtures, and may not perhaps be 
very widely differentiated as regards the two individuals. 

If x is the ratio of the concentration of HCN in the gas (considered 
asa mixture of HCN and HNC) to the total concentration of the gas, 
the equilibrium constant K, is given by K = (1 — x)/x. The heat 
qis given by d log, K/dT = — q/RT?, so that, by eliminating K, we 
obtain 

dx/dT = x (1 — x)q/RT* ‘ ; (i) 
If dq is the heat evolved during a shift, dx, in the equilibrium, then 
dx equals — dq/q, so that 
5q = — 2(1 — x)q?/RT? , . (ii) 
for a unit rise of temperature. The meaning of this equation may 
be best expressed by a numerical example. At 7’ = 400° (127° C.) 
we have, for the effective addition, — 69, to the true specific heat, 
* The author is aware that there are certain remarkable anomalies in 


the specific heat data of the simpler gases and vapours, and hopes to deal 
with these in a future communication, as their cause is not material to the 


subject of this paper. 
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— 6q¢ = 153 (1 — x) calories. This quantity, which may be termed 
the “ false ” specific heat, has its maximal value, 38 calories, when 
« and 1 — z are each 50 per cent. ; the observed specific heat wil] 
then be 45 calories instead of 7 calories. If either x or 1 — x jg 
very small, that is to say, if hydrocyanic acid is a nearly pure 
chemical individual, the “false ” specific heat will be correspond. 
ingly small; if x or 1 — x were 1 per cent., then dq would amount 
only to 1°5 calories; if « or 1 — x were only 0°2 per cent., 8¢ would 
only be 0°3 calories, that is, of the order of magnitude of the amount 
of variation of the specific heats of different triatomic gases from 
the average value of 7 calories. Even in these eases, however, 
the method is not valueless, because the amount of variation with 
temperature of the false specific heat is particularly great when the 
quantity itself is small. Here again a numerical example may 
suffice in place of the general mathematical analysis. By integrat- 
ing equation (i), we obtain. 

x g - 

log, 5 ae +o ° - (iii) 

from which the constant of integration can be eliminated by con. 
sidering two temperatures, say 7’ = 400° and 7’ = 500°. Two 
cases have to be considered. First, suppose that hydrocyanic acid 
is nearly pure HCN, so that 1 — z is small, of the order, let us say, 
of 1 per cent. or less. Then, from equation (iii), log, (1 — x’) / 
(1 — 2’) = 1°75, whence, by equation (ii), 59’’/6g’ = 3°7. This 
ratio is nearly independent of the value of 1 — x, and represents 
the maximal proportional variation in the “false ” specific heat 
when 1 — x tends towards zero. Hence, although the quantity of 
HNC might be too small to be estimated from thermal data, its 
existence in the equilibrated vapour should be capable of certain 
detection by the fact that the deviation of the observed specific 
heat from its asymptotic value at low temperatures (about 6°35 
calories) is 3°7 times as great at 227° C as it is at 127° C, and that 
at other temperatures it has other easily calculated values. In the 
other case, which corresponds with nearly pure HNC, the limiting 
value, as x tends towards zero, of the ratio 5g’’/8q’ is 0°11, so 
that the variation with temperature is in the opposite sense. 

It should be possible, therefore (a) to obtain an approximate 
measurement of the equilibrium if the scarcer constituent is present 
in a greater proportion than 1 per cent.; (0) if this is not the case, 
to detect the equilibrium, distinguishing between HCN containing 
a trace of HNC, and vice versa. It may be stated at once that the 
experiments described in this paper point definitely to the con- 
clusion that gaseous hydrocyanic acid is a mixture consisting mainly 
of HCN (formonitrile) in equilibrium with a small amount, prob- 
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ably only a few tenths of one per cent. of the isomeric form HNC 
(carbylamine). 

Corresponding with the deviations in the specific heat at constant 
volume (C,), there are similar deviations in the specific heat at 
constant pressure (C,,), which is greater than C, by a nearly con- 
sant amount, 7[dp/d7'], [dv/o7'], = R approximately. Deviations 
in the opposite sense will, therefore, appear in the ratio y = C,/C,, 
the normal value of which for a triatomic gas is close to 1-30. 
There seems to be a general tendency for the value of y for tri- 
atomic gases to fall slightly with rising temperature, owing to 
causes as to the true nature of which no kind of agreement appears 
to have been reached. The character of the ultimate cause need 
not, however, concern us here, because an examination of the 
published data regarding such gases as carbon dioxide, sulphur 
dioxide, and water vapour clearly shows that in these cases the 
variations encountered are much smaller than that of the variation 
with which we have to deal in the case of hydrocyanic acid. 

The equation for calculating y = C,/C, has recently been given 
by Nernst (“‘ Theoretical Chemistry,” 4th ed., p. 245) in a precise 
form based on the very accurate equation proposed by Berthelot. 
In order to use Nernst’s expression, however, it is essential to know 
the critical pressure and critical temperature. It happens that the 
critical data of hydrocyanic acid have not been determined, and it 
became necessary, therefore, to develop a generalised equation 
in the following way. Any equation of state can be expressed in 


the form 
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pv = RT[1 + pf,(T) + p*to(T) + pfs(TI+- - - J, 
in which the successive terms represent successive orders of small 
quantities. On transforming van der Waals’s, Clausius’s or Dieterici’s 
equation into this form, it is found that the series in powers of p is 
infinite, but that for pressures up to a few atmospheres, all terms 
after pf,(7’) are negligibly small; Berthelot’s equation ceases at 
this term. It is clear, therefore, that, provided the function f, be 
chosen suitably, there is no need to retain the higher powers of p, 
and we may adopt the expression 
pu = RTl1 + pe(7)) ° . (iv) 

as the general equation of state. In this expression it is supposed 
that the function f has been chosen suitably, for it will appear 
immediately that the precise form of this function is immaterial 
to the present discussion. Writing M/p in place of v and differen- 
tiating at constant temperature, we find, in the first instance, 


]. = iy [b+ Pant psp (2) |> 
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the solution of which is 


[el, = a [1+ enn] 


From this, by Reech’s theorem (Partington, ‘ Thermodynamics” 
p- 119) which applies to all fluids, independently of any equation 
of state, we obtain 


op Sop Me? 1 
Y =| 37] ff [; = RT ° tT) ° (v) 
Pte Ptr R [1 + pt (7) ] 
Comparison of equations (iv) and (v) shows, that if, at any temper- 
ture, the observed density of a gas is greater than its theoretical 


value in the ratio of (1 + a) to unity, the value of y for that tem- 
perature can be accurately calculated from the relation 


Mec* 2 
v=p9r(1te). 2. oi 


without any knowledge as to the critical constants. Formula (vi) 
is the one which has been employed in the present investigation on 
hydrocyanic acid, and it may be hoped that it will prove to be of 
use in other cases. 

In Table II and also in Fig. 2 will be found the values of y which 
have been obtained by experiment compared with the values calcu. 
lated by the method previously outlined. It should be noted that 
one cannot calculate y from &q¢ very accurately, because the exact 
value of the difference, C,—C,, cannot be obtained without 
further knowledge relating to the deviations from the gas laws. 
C, — C, must, however, be a very little greater than R ( = 1-985 
calories), and for the purposes of an approximate calculation the 
value 2 calories has been assumed. Obviously, the case corre- 
sponds with the constant maximal variation of C, with 7 in the 
region of small] values of 1 — x, the region characterised, for example, 
by the ratio 59” /dq’ = 3-7 for the two temperatures 127° and 
227° (p. 1606). By interpolating the experimental results to these 
temperatures, it is easy to calculate that this ratio actually has the 
value 3-6*; and that corresponding ratios for other pairs of tem- 
peratures are equally close to what they should be. It can also 
be calculated that 1 — zx is about 0-5 per cent.; but, it should be 


* This very close agreement evidently is partly accidental ; for owing to 
the superposition of the effect discussed on p. 1607 we should have expected 
to obtain a higher ratio, perhaps a little more than four units. It is to be 
remembered, however, that q is a relatively small difference between large 
quantities, and may well be in error to the extent of 10 or even 20 per cent., 
which would more than account for the difference. 
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emphasised, very little reliance can be placed on any such con- 
dusion, by reason of the fact that a considerable proportional 
change in 1 — x would have but a slight influence on the rate of 
variation of y with 7’. There can, however, be no doubt as to the 
jroad result that the values obtained definitely point to the exist- 
ence in hydrocyanic acid of an equilibrium in which formonitrile 
is by far the more important constituent. 


EXPERIMENTAL. 


Preparation of Pure Hydrocyanic Acid.—The hydrocyanic acid re- 
quired for these experiments was prepared by allowing a 25 per cent. 
olution of pure sodium cyanide to flow into 75 per cent. sulphuric 
acid, maintained at 110°. The distillate was dried and distilled 
over calcium chloride, and finally over phosphoric oxide. The acid 
obtained in this way satisfied all the criteria for purity, and, in 
particular, possessed the stability, which Nef and others have found 
to be characteristic of the highly purified substance. 

Density of Hydrocyanic Acid.—The vapour density of hydro- 
eyanic acid has already been determined by Gautier (Ann. Chim. 
Phys., 1869, [iv], 17, 119) by the Hofmann method, but the values 
which this author quotes exhibit certain peculiarities which render 
them open to suspicion. It was thought desirable, therefore, to 
make a new series of determinations. The Dumas method was 
employed, the bulbs, each of about 300 c.c. capacity, being weighed 
against counterpoises of the same weight and capacity and of the 
same quality of glass. The following corrections were applied : 
i) Buoyancy corrections as affected by barometric changes, the 
usual scale correction being applied to all barometric readings. 
(i) Hygrometric state of the atmosphere. (iii) The thermal 
expansion of the glass. (iv) Thermal expansion of pure water. 
The values obtained are summarised in the following table, and 
exhibited graphically in Fig 1, from which it will be seen that the 
density does not differ appreciably from its theoretical value, 0-932, 
at temperatures above 175°. The densities are calculated with 
reference to dry air under the same conditions of temperature and 
pressure, and the error of an individual determination is estimated 


at about 0-002 of a unit. 


TABLE I. 
Temperature 65° 96° 97-5° 132° 140° 175° 177° 
Density (air = 1) 0-968 0-951 0-952 0-936 0-938 0-932 0-934 
Determination of the Specific Heat Ratio —The method employed 
was that of Kundt, the tube being provided with a heating jacket 
in addition to the usual accessories such as inlet and outlet tubes 


1610 USHERWOOD : TAUTOMERISM OF DYADS. PART I, 


for the gas under investigation, an exciting rod fixed at its node 
to the tube, and an adjustable stop for the production of echoes, 
The definition of the silica dust figures was found to be dependent 
mainly on the completeness with which the adsorbed film of mois. 
ture was removed from the silica and from the internal surfaces 
of the apparatus, and on the correctness of the adjustment of the 
reflecting stop. By attending to these points, it was usually possible 
to obtain clearly marked figures at the nodes, the positions of which 


Fie. 1. 
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Temperature. 


were then read by means of a scale graduated in millimetres, a 
sliding pointer, and a mirror to prevent errors due to parallax. 
The temperature was kept constant by passing through the jacket 
the vapour of a pure liquid of the required boiling point. The 
pressure was that of the atmosphere. Several tubes and vibrating 
rods were employed, the following dimensions being typical : tube, 
length 126 cm., internal diameter 1-4 cm.; rod, length 94 em., 
diameter 1-05 cm. 

It was stated by Kundt, and appears to be generally believed, 
that measurements made in narrow tubes contain an appreciable 
error which requires correction. Rayleigh and Ramsay (Phil. 
Trans., 1895, [A], 186, 228), however, obtained correct results for 
the ratio of the specific heats of argon using tubes only 2 mm. in 
diameter, and there appears to be doubt as to the necessity for 
applying any such correction for tubes of moderate bore. In order 
to make certain as to this point, the apparatus was tested by 
determining the ratio of the specific heats of oxygen and of carbon 
dioxide. The value obtained for oxygen was 1-408; the mean of 
figures given in the literature is 1-403. The value for carbon 
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dioxide corrected by formula (vi) was 1-312; the mean of values 
recorded by previous workers, corrected, where necessary, in a 
imilar way, is 1-306. The differences between the new values and 
the means obtained from the literature are not much outside the 
jmits of experimental accuracy (estimated at 0-003), and in any case 
ae not in the sense which suggests the existence of an appreciable 
aror arising from the use of too narrow a tube. 

The method employed in calculating the half-wave lengths may 
be explained by reference to an actual example. The following 
were the positions of some of the nodes obtained in hydrocyanic 
acid at 140° : 

No. of node 1 2 3 6 7 8 9 
Position 33:30 40:30 47-20 68-10 74:90 81:75 88-70 
From these numbers the half-wave lengths, 4/2, were calculated by 
taking intervals as shown in the following table, the last column of 

which exhibits the errors of the individual measurements. 


No. of No. of 
half- half- 
Nos. of »+wave- Nos. of wave- 
nodes lengths Length Half- nodes lengths Length Half- 
including in of wave including in of wave 
interval. interval. interval. length. interval. interval. interval. length. 
1-6 5 34-80 6-96 2-8 6 41-45 6-91 
1-7 6 41-60 6-93 2-9 7 48-40 6-91 
1-8 7 48-45 6-92 3-6 3 20-90 6-97 
1-9 8 55-40 6°93 3-7 4 27-70 6-93 
2-6 4 27-80 6-95 3-8 5 34-55 6-91 
2-7 5 34-50 6-92 3-9 6 41-50 6-92 


In computing the average, each determination was accorded a 
value proportional to the number of half-waves in the interval. 

In order to calculate the specific heat ratio of hydrocyanic acid 
it is necessary to know (a) the ratio of the specific heats of a standard 
gas, (b) the value of \/2 in hydrocyanic acid, (c) the value of X/2 in 
air, under the same Conditions, (d) the density of hydrocyanic acid 
at the temperature and pressure of the experiment. 

The standard gas employed was air, the specific heat ratio of 
which (1-403) is now known with considerable certainty. 

The method of calculating \/2 has already been described ; 
several experiments were carried out at each temperature. Three 
experiments at 180° gave the following values of 2/2 : 7-289 cm.., 
7:279 cm., 7-285 cm., the extreme variation of which is less than 
1 part in 700. Most of the determinations of \/2 agreed to within 
1 part in a thousand of the mean value which was ultimately 
employed in computing the specific heat ratio. 

The determination of \/2 for air was carried out in exactly the 
same way as for hydrocyanic acid. 
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The density of hydrocyanic acid was read directly from the 
smoothed curve of Fig. 1. 

In accordance With the equations given in the introduction to this 
paper, the specific heat ratio was calculated from the formula 


—_ <a) | a? 
Yuen Yair (os ° 0-932" 


The values obtained are given in the following table, the third 
column of which contains the theoretical figures, calculated as 
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noted on p. 1608, the experimental result for 210° being used to 
calculate the required numerical constants. 


TABLE II. 
Tempera- Y ¥ Temper- y ¥ 
ature. (observed). (calculated). ature. (observed). (calculated). 
65° 1-310 1-306 182° 1-248 1-255 
100° 1-296 1-296 210° 1-238 (1-238): 
140° 1-279 1-279 | 


These results are exhibited in Fig. 2. The curve represents the 
theoretical function corresponding with the point (7'’ = 210°, y= 
1-238), whilst the crosses mark the values obtained by experiment. 


I am greatly indebted to Dr. Ingold for valuable advice. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
S. KENSINGTON. [Received, June 9th, 1922.] 
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(XCIII.—Studies in Catalysis. Part XVI. The In- 
version of Sucrose by Hydrogen Ion. 


By Tuomas Moran and Wititam CupmMore McCutiacH Lewis. 


Tals reaction has already been studied by Jones and Lewis (T., 
1920, 117, 1120) from the point of view of activity or thermo- 
dynamic concentration. In the investigation referred to, the 
activity of the catalysing ion was alone experimentally determined, 
it being assumed that the activity of other reactants could be 
identified at least approximately with concentration terms. A 
continuation of the investigation during the past two years by 
the present authors indicates, however, that this assumption is 
incorrect, and it has been found necessary to determine by direct 
or indirect means the activities of all the reactants. The reaction 
has been investigated in acid solution alone and also in the pres- 
ence of neutral salts. The present communication deals only 
with the inversion process in the absence of neutral salts. The 
acid employed as catalyst is hydrochloric in place of the sulphuric 
examined in the earlier investigation. Recently Scatchard (J. 
Amer. Chem. Soc., 1921, 43, 2387), by considering the data of Jones 
and Lewis mentioned above, has suggested a possible mechanism 
of the inversion process, but the data presented in this paper lead 
to conclusions which differ from those of Scatchard and also from 
those of Jones and Lewis.* 


EXPERIMENTAL. 


The Activity of Hydrogen Ion in Aqueous Solutions of Sucrose 
and Hydrochloric Acid. 


Jones and Lewis (loc. cit.) found that the presence of sucrose 
greatly enhanced the activity of the hydrogen ion produced from 
the sulphuric acid. It is of interest to see if the same effect is 
produced when hydrochloric acid is the catalyst. 

The cell employed was of the following type :— 


aN. + 

— ° ae : saturated Normal 

H, electrode Biers - KCl calomel 
ee electrode 


In the above cell the concentration of the hydrochloric acid 
was maintained constant, namely 0°1N., whilst the concentration 


* Compare also Garner and Masson, Phil. Mag., 1921, [vi], 41, 484. 
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of the sucrose was varied from 0 to 70 grams per 100 c.c. of solu. 
tion. Measurements were made at two temperatures, 25° and 
35°, and the activities of the hydrogen ion calculated by means of 
the formule 


TH 0°2820 + 0-059 logi, a, at 25°, 

Ty, = 0°2915 + 0-061 logy, a,, at 35°. 
The absolute value of the normal calomel electrode was taken to 
be + 0°56 volt at 18°. The temperature coefficient of this elec. 
trode is 0°00068 volt per degree (compare Chroustchoff and Sit- 
nikoff, Compt. rend., 1889, 108, 941), and therefore its value at 
25° is 0°5648 volt and at 35° is 0°5717 volt. 

The data obtained are given in Table I. It will be observed that 
sucrose increases the activity of hydrogen ion in the above case 
very markedly, even to a greater extent than was observed in the 
case of sulphuric acid. 


I 


The Activity of Water in Solutions of Sucrose. 


The activity of water in solutions of sucrose may be obtained 
from an analysis of the data of Berkeley and Hartley (Phil. Trans., 
1919, [A], 218, 295) and of Berkeley and Stenhouse (ibid.), who 
have determined the values of 79/7, at the two temperatures ()° 
and 30°, where zr is the vapour pressure of water and 7r, is the 
vapour pressure of the aqueous solutions of sucrose. An examin- 
ation of these data shows that the values of 79/7, corresponding with 
any concentration of sucrose at the temperatures 0° and 30° differ 
by less than 0°4 per cent. (Thus when the concentration of sucrose 
is 2°16 molar the difference is 0°36 per cent. This is the greatest 
difference, and for lower concentrations of sucrose the difference is 
very much less.) Hence, in calculating the activity of water at 
the two temperatures 25° and 35°, we may assume that the slope 
of the curve is the same as that observed at 30°, although the initial 
absolute value alters with the temperature. The relative variation 
in the vapour pressure with alteration in the concentration of 
sucrose is given in the following table. 


TABLE II. 
Conc. of sucrose m, when 7% Cone. of surcose m7, when 7% 
in moles per litre. = 1-000. in moles per litre. - 1-000. 
0-0 1-000 1-169 0-968 
0-292 0-994 1-460 0-955 
0-585 0-987 1-755 0-938 
0-877 0-979 2-047 0-914 


To obtain the absolute values for the vapour pressures at 
25° and 35° it is necessary to multiply each of the above values 
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by the vapour pressure of the solvent at that temperature. 7, at 
25° is equal to 23°69 mm., and at 35° to 42°02 mm. For the 
present purpose it is sufficient * to have the relative absolute 
values, namely, 7 at 25° set equal to 1-000, and at 35° equal to 
1000 x 42°02/23°69, that is, 1°774. 


The Hydration and the Activity of Sucrose. 


On the assumption that the activity of sucrose is its concentra. 
tion per free water space, several investigators, notably Porter 
(Trans. Faraday Soc., 1917, 13, 123), have shown that the observed 
osmotic pressures of sucrose solutions can be accounted for by 
taking hydration into account. Employing the relation 

RTm 

0°018 (Cy,o— nm) 

where a, is the activity of the sucrose, m is the number of moles 
of sucrose per litre of solution, Cy,» is the number of moles of 
water (M = 18) per litre, of solution, and x is the degree of hydra- 
tion of the sucrose, it is found that the osmotic pressures observed 
by Frazer and Myrick (J. Amer. Chem. Soc., 1916, 38, 1907) require 
n = 6 (up to 20 grams of sucrose in 100 cc. of solution), this value 
decreasing to n=4 in agreement with Frazer and Myrick’s molar 
fraction method of calculation. As a matter of fact, the value 
n = 4 holds to 2 per cent. over the dilute region, and more accu- 
rately over a wide range of concentration beginning with 40 per 
cent. sucrose. This assumption is therefore sufficiently accurate 
for the present purpose. 

Similar treatment of the osmotic data obtained by Berkeley and 
Hartley (Phil. Trans., 1916, [A], 206, 481) in the case of glucose 
shows that the observed osmotic pressures can be satisfactorily 
accounted for on the basis that n = 2. 

The conclusion that over a considerable range the osmotic 
behaviour of sucrose and of glucose requires respectively the 
existence of a tetrahydrate and a dihydrate suggests naturally 
that two molecules of the water of hydration are attached to the 
oxygen atom of the ring present in each half of the sucrose mole- 
cule, the hydrated form being an oxonium compound. 


P,., = RTa = 


The Unimolecular Velocity Constant in Terms of Activity. 


As the polarimeter measures change of concentration, C,, of 
sucrose with time and not change in the activity, a,, it is necessary 


* The practically constant correction in the vapour pressures for the 
effect of the 0°1N-hydrochloric acid, of the order 0-2 per cent., is neglected, 
since only relative values are required. 


g 
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to find the relation between the observed velocity constant and the 
velocity constant involving the activity of the sucrose. Examin- 
ing this point further, the mode of expressing the unimolecular 
constant presents a difficulty to which attention does not seem to 
have been directed hitherto. The velocity may be written either as: 
— dC,/dt = kg X as . ‘ . & 
or 
— da,/dt = ky X 4, ‘ . . & 
In general we understand, by a velocity of chemical change, a rate 
of disappearance of mass of material, and this implies that velocity 
js identical with change in concentration. At the same time, the 
principle of mass action, as expressed in terms of activity, requires 
that the rate should be proportional to the activity, that is, equa- 
tion (1) seems to be the more correct way of expressing the rate. 
On the other hand, the polarimeter method leads to a velocity 
constant, hops, Which is necessarily defined by 
— dC,/dt = kus X Ce . : . (3) 
Combining equations (1) and (3), we have 
ka X A, = kons. X C; 
or ky = Kops. x C,/a; _ Robs. x Cncere.|Cocer. 7 Kops. x (V—v)/V 
where V is the volume of the solution and v is the volume 
occupied by the hydrated sucrose. Hence (V —v)/V is the 
volume of “ free ’’ water per c.c. of solution. Consequently, 
ka = keps, X 0-018 « (Conc. of free water) — 
Table IV contains the values of k,ps, at 25° and 35° determined 
with great care in this laboratory by Miss D. E. Merriman, M.Sc., 
together with the values of k, calculated by means of equation (4). 


('1N-Hydrochloric acid is employed as catalyst, and the values 
of kops, are expressed in secs.“', with logarithms to the base e. 


Tas_eE III. 
Initial conc. C ff 
of sucrose in Oe On ae Kets, X 105 iq x 105 Kigng, X 105 ky x 108 
moles per litre poh aed at 25°. at 25°. at 35°. at 35°. 
litre of soln. itre of soln. 
0-000 55-55 1-21 1-21 5-00 5-00 
0-292 50-78 1-36 1-24 5-65 5-165 
0-585 46-11 1-52 1-26 6°33 5-25 
0-877 41-48 1-68 1-26 7-00 5-23 
1-169 36-94 1-83 1-23 7-66 5-09 
1-460 32-25 1-99 1-16 8-33 4-84 
1-755. 27-57 2-15 1-07 9-07 4-50 
2-047 22-75 2-30 0-94 9-66 3-96 


It will be observed that the values of k, at both temperatures 
go through a maximum, 
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The Mechanism of the Inversion Process. 


In suggesting a mechanism of the inversion process it is essentia| 
to take into consideration the structural organic side of the problem, 
as well as the calculation of satisfactory critical increments for 
the reactants from the calculated velocity constants. Armstrong 
(“The Simple Carbohydrates and the Glucosides,” p. 133) con. 
siders the inversion process to originate at the oxygen ring in the 
fructose side of the sucrose molecule, which would lead us to believe 
that either a totally unhydrated sucrose molecule or one with no 
water of hydration attached to the fructose portion should be the 
reactant. On the latter basis, the mechanism of inversion would 
consist essentially of two consecutive processes. In the first place, 
a molecule of sucrose dihydrate combines with an unhydrated 
hydrogen ion giving an additive product which, however, has only 
a fugitive existence, since one or more of the contiguous water 
molecules immediately reacts with this complex to give glucose 
dihydrate, fructose, and hydrogen ion. The above mechanism 
may be expressed by the following equations, in which S stands for 
an unhydrated sucrose molecule and y denotes an undetermined 
number of water molecules : 


(S,2H,O) + H* —-+ (S,2H,0,H-)(measurable speed) . (1) 
(S,2H,O,H") + yH,O —~ glucose, 2H,O + fructose + H* + 
(y—1) H,O (immeasurably fast) . (2) 


It will be observed that the process here considered differs from the 
mechanism suggested by Jones and Lewis (loc. cit.) in that, on the 
earliest view, the formation of the complex ion was regarded as 
occurring immeasurably fast and the actual existence of a complex 
ion was postulated, whilst on the present basis this is no longer 
assumed to be true, the measurable process being the reaction 
between an unhydrated hydrogen ion and sucrose dihydrate. 
The reaction expressed in equation (1), being the slow one, 
determines the rate of inversion, and moreover, since it is bimole- 
cular, we should expect the viscosity, which changes greatly in the 
system under consideration in view of the wide range of sucrose 
concentration employed, to play an important réle. The detailed 
treatment given below indicates that this is the case, and further- 
more that the power to which the viscosity has to be raised to account 
quantitatively for the velocity constant is identical, within the limits 
of error, with that calculated for the effect of viscosity on the 
mobility of the hydrogen ion as given by conductivity measure- 
ments. Of the two reactants sucrose dihydrate and the unhydrated 
hydrogen ion, the latter is the fast moving ion and it is this which 
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yill in the main be affected by alteration in viscosity, since we can 
regard the sucrose molecule as practically stationary. Let us sup- 
that the viscosity factor for this ion is 7”, that is, the speed of 
the diffusion of the hydrogen ion varies inversely as the viscosity (7) 
of the solution raised to the power x, then from the equation 
(S,2H,O) + H* —> (S,2H,0,H’). 


it follows that 
Gy , 
rate of inversion = kyi X Gs on,o X 7 


where @g o9n,0 denotes the activity of sucrose dihydrate, and dy. 
denotes the activity of unhydrated hydrogen ion. But from the 
direct inversion measurements themselves, we have already shown 


that 
rate of inversion = k, X 4g, 4,0, 


where the values of k, are given in Table IV, and ag 4n,0 is the 
activity of the sucrose which has been shown probably to exist 


almost entirely in the form of the tetrahydrate. 
Denoting by K the equilibrium constant between sucrose 


dihydrate and sucrose tetrahydrate, that is 
K = ag 45,0 | 4s,2H,0 X a*s,0 
it follows that 
rate of inversion = ky X @s4H,0 /(K X @7q,0) X ax: / 9” 
or ky = (ha X A*x.0 x 9” X K)/ag. 

The best values of x, detern.ined by the method of least squares, 
which give the best constant for hj at 25° and 35° are 0-52 and 
0:55 respectively. The results are shown in Tables V and VI. 
The absolute values of the viscosity at 25° and 35° were deter- 
mined by Powell (T., 1914, 105, 3). 

TaBLeE IV. 
N/10-Hydrochloric acid as catalyst. Temperature = 25°. 


Grams of 
sucrose ky 

per kx 10= 7 x 10° = 
100 e.e. 

of ky x @ i090 X ees x 10* 
solution. k, x 10°. ay. Ayo n- n*'53, Gee 

0 1-21 0-080 1-000 0-00904 0-0865 13-1 

10 1-24 0-096 0-994 0-01187 0-1000 12-8 

20 1-26 0-115 0-987 0-01622 0-1172 12-5 

30 1-26 0-139 0-979 0-02366 0-1428 12-4 

40 1-23 0-167 0-968 0-03683 0-1797 12-4 

50 1-16 0-200 0-955 0-06171 0-2348 12-4 

60 1-07 0-240 0-938 0-1149 0-3246 12-7 


70 0-94 0-288 0-914 0-2335 0-4694 12-8 
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ratio ¢ 
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(298/3 
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TABLE V. 
N/10-Hydrochloric acid as catalyst. Temperature = 35°, 

Grams of 
sucrose kn 

ee kx 105 = > x 108 = 
100 c.c 

of ka X Ayo X n° x 10, 
solution. k,x 105. ay. ay,0- ”- 9°°S. Ay : 

0 5-00 0-083 1-774 0-00726 0-0667 12-5 

10 5-165 0-099 1-764- 0-00932 0-0763 12-4 

20 5-25 0-118 1-751 0-01270 0-0906 12-3 

30 5-23 0-142 1-737 0-01795 0-1096 12-2 

40 5-09 0-170 1-718 0-02713 0-1375 12-2 

50 4-84 0-204 1-694 0-04321 0-1777 12-1 

60 4-50 0-245 1-664 0-07781 0-2455 12-5 

70 3°96 0-293 1-622 0-1460 0-3471 12-3 


At both temperatures the values of h,;/K are satisfactory. The 
fact that the index of the viscosity correction differs from unity 
follows from the inapplicability of Stokes’s law in the case of ions, 
MacInnes (J. Amer. Chem. Soc., 1921, 43, 1217) shows that the 
correction 7°? in the case of chlorine ion holds for all dilutions 
of this ion, whilst Green (T., 1908, 93, 2049), from determinations 
of the conductivity of hydrochloric acid in the presence of sucrose, 
finds the correction for this acid to be »°*® at infinite dilution, 
On the other hand, unpublished work by Mr. A. J. Kieran in this 
laboratory shows that the viscosity correction in the latter case 
is »°°’. Employing these facts, it is readily shown that for 
hydrogen ion alone, using the observations of MacInnes and Green, 
the index of the viscosity factor should be 0°52 at 25°, whilst 
combining the conclusions of MacInnes and Kieran the index should 
be 0-55 at 25°. In view of this, the value 0-52 obtained from the 
examination of the kinetics of the inversion process at 25° is very 
significant. It constitutes considerable evidence in favour of the 
mechanism outlined above. 

In connexion with the activity of water, a relatively minor 
point arises as to the exact manner of expressing this quantity. 
In accordance with the usual mode of expression the activity has 
been identified in tables V and VI with the vapour pressure. In 
view, however, of the general concept of activity as a modified 
concentration term, it would. seem more correct to employ the 
concentration, C, of saturated vapour, instead of the pressure, the 
vapour being regarded as a perfect gas (the variation of C with 
temperature is governed by the internal latent heat of vaporisation 
of the solvent, whereas p is determined by a larger quantity, 
namely, the observed latent heat). Employing C instead of p, the 
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ratio of & at 35° to & at 25° (where k = ky/K) will be decreased 
by the square of the ratio of the absolute temperatures, that is, by 
(298/308)? — ()-936, whence the critical increment, H,, as defined 
by the equation 

dlog k/dT = E,/RT?, 


js found to be 40,200 calories. 


The Critical Increment of the Inversion Process. 


It has been shown that 
ky; = (ka X @x,0 X 9° X K)/an =k X K, 
where & is the constant given in the final column of the preceding 
tables V and VI. It follows that 
d log hy /dT' = d log k/dT + dlog K/dT. 
Expressing the activity of water in terms of the concentration of 
aturated vapour, it has been shown above that 
dlog k/dT = 40,200/RT?. 
Denoting by Q the heat absorbed in the reaction 
S4H,O — > S,2H,O + 2H,0, 
it follows from the definition of K that 
dlog K/dT = — Q/RT™. 
Further writing 
d log ky, [dT _ Ereactants|RT?, 
where Eyeactants is the sum of the critical increments of sucrose 
dihydrate and unhydrated hydrogen ion with respect to the 
inversion process, we have 
FE eactants = 40,200 — Q. 

It is evident that, to evaluate Epeactants, ® knowledge of Q is 
required. This is not given by an examination of the inversion 
process itself. Moreover, since sucrose does not form a solid 
hydrate, its heat of hydration is not known. From an inspection, 
however, of the observed heats of hydration of other sugars, @ 
would appear to be about 5006 calories. Hence it follows that, 
for the process of inversion, Fyeactants is equal to 35,000 calories, in 
round numbers. This quantity represents the sum of the individual 
critical increments of the sucrose dihydrate and unhydrated 
hydrogen ion. This, it will be observed, is decidedly greater than 
the critical increment calculated directly from the unimolecular 
velocity constants themselves. 
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Sulphuric Acid as Catalyst. 


It is necessary to see whether the conclusions arrived at in th 
preceding section regarding the mechanism of inversion, base 
on the results obtained with hydrochloric acid as catalyst, ay 
equally applicable to the case in which sulphuric acid is employed 
For this purpose the data previously obtained by Jones and Lewis 
(loc. cit.) are given in the following table, the final column of whic) 
contains the values of k ( = &;/K) calculated in precisely the same 
manner as in tables V and VI. 


TABLE VI. 
N/10-Sulphuric acid as catalyst. Temperature = 20°. 


Grams of 
sucrose 2 — ky as 
per on «© kx = = = 
100 e.e. x = x 
of é x ka X x0 X x 105, 
solution. > af Gy Ayo n- "52, Ay: 
0 4:14 4-14 0-060 1-000 0-01035 0-0928 6-40 
10 4-43 4-05 0-068 0-994 0-01359 0-1069 6-44 
20 4:79 3-98 0-078 0-987 0-01857 0-1258 6-26 
30 5-21 3-89 0-0895 0-979 0-02707 0-1531 6-38 
40 5-54 3-68 0-105 0-968 0-04215 0-1884 6-33 
50 5-95 3.455 0-118 0-955 0-07063 0-2520 6-73 
60 6-22 3-09 0-139 0-938 0-1314 0-3481 6°81 
70 6-29 2-58 0-162 0-914 0-2673 0-5135 6-69 
Average kage = 6°51 x 10-°, 
Temperature = 40.° 
Grams of 
sucrose 2 ‘yi ti ki aie 
per p= 2 ¥ = = 
100 c.c. x = K 
of Pd x ka x A H20 x ied x 10 
solution. a Gy. Gx,o- n- "5, — 
0 598 5-98 0-050 3-150 0-00659 0-0631 7-49 
10 6-73 6-15 0-056 3-131 0-00846 0-0726 7-82 
20 7-37 6-12 0-062 3-109 0-01138 0-0853 8-14 
30 8-04 6-00 0-078 3-083 0-01593 0-1025 7-49 
40 8-80 5-85 0-091 3-049 0-02364 0-1275 7-62 
50 9-53 5-53 0-109 3-008 0-03731 0-1637 7-51 
60 10-22 5-07 0-130 2-887 0-06530 0-2228 7-25 
70 10-92 4:47 0-152 2-878 0-1260 0-3200 7-80 


Average ky. = 7-64 x 10-* 


It will be observed that the values at both temperatures in the 
final column are reasonably constant. The mechanism assumed 
applies therefore in this case. Further, the energy term, J, 
calculated from the change of k (= h,/K) with temperature, allow- 
ance being made as before for the substitution of saturated vapour 
in place of the vapour pressure in the case of water, leads to the 
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yalue 42,000 calories, which is in reasonably good agreement with 
the value 40,200 calories obtained with hydrochloric acid as 
catalyst. The lower value is regarded, however, as the more 


accurate. 


Alternative Mechanisms and Reasons for their Rejection. 

Inversion mechanisms other than that employed above were 
considered and rejected either on the ground of requiring unsatis- 
factory values of x or of leading to too great values for the critical 
increment. Of these the only one which appears to possess any 
likelihood is that involving unhydrated sucrose and hydrated 
hydrogen ion. It is found that a satisfactory constant for hj is 
obtained if the value ascribed to the power of the viscosity is 
1—0-54 at 25° and z = 0-58 at 35°. These values in themselves 
are in accord with conductivity data. On this basis, however, the 
sum of the critical increments of unhydrated sucrose and hydrated 
hydrogen ion is found to be 49,000 calories, which seems excessive. 
(n statistical grounds, the probability of complete dehydration of 
asucrose molecule is small compared with that for partial dehydra- 
tion such as is required by the process already considered in detail, 
and consequently this alternative process is regarded as less likely 
than the one given in the preceding section. 


SUMMARY. 

1. Electrometric measurements of the activity of hydrogen ion 
in various aqueous mixtures of sucrose and hydrochloric acid have 
been made at 25° and 35°. 

2. From an analysis of the osmotic and vapour pressure deter- 
minations of aqueous solutions of sucrose, the activities of sucrose 
and water have been calculated. 

3. Values for the true unimolecular velocity constants of inversion 
in terms of activity have been calculated from the observed velocity 
constants. 

4. Using the data referred to above, the mechanism of the in- 
version process has been examined. It appears to involve the 
viscosity of the solution and it is shown that the power 0-52 to which 
the viscosity has to be raised to account for the velocity effect at 
25° is practically that required to account for the conductivity 
behaviour. Stoicheiometrically, the process of inversion involves 
two consecutive reactions, namely 

(S,2H,O) + H* —~ (S8,2H,0,H’) .. (measurable speed) 
(8, 2H,0,H)* + yH,O —— glucose, 2H,O + fructose + H* + 

(y—I) H,O . (immeasurably fast) 


where § stands for an unhydrated sucrose molecule. 
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5. The sum of the critical increments of sucrose dihydrate and 
unhydrated hydrogen ion is calculated to be approximately 35,00) 
calories. 
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CXCIV.—Studies on Hypophosphorous Acid. Part IV. 
Its Reaction with Cupric Chloride. 


By Atec Duncan MITCHELL. 


It has been shown in previous communications (T., 1920, 117, 
1322 ; 1921, 119, 1266) that hypophosphorous acid effects re- 
duction by means of an “active” form, which is designated, for 
purposes of formulation, as the fully hydroxylated compound 
H;PO 3, but the precise constitution will, it is hoped, be eluci- 
dated by some projected experiments with alkyl derivatives—the 
dialkylphosphinic and alkylphosphinous acids. The active form 
reduces iodine and mercuric chloride rapidly, and the velocity of 
reduction is independent of the concentration of iodine or mer- 
curic chloride (unless it is very dilute) and is conditioned solely 
by the rate of formation of the active form from hypophosphorous 
acid molecules. It follows that the molecules are normally in 
equilibrium with a small proportion (probably much less than 
1 per cent.) of this active form. Baly has suggested (Ann. Reports, 
1921, 18, 41) that this time-reaction is due to the activation of the 
molecules by the catalyst, which is giving to them the required 
energy increment, but this is a physical generalisation which doubt- 
less constitutes a stage in all reactions, and in this case a purely 
chemical explanation for the time-reaction is quite possible. The 
oxy-acids of phosphorus exhibit a marked tendency to assume 
the quinquevalent form, as is shown by the monobasicity of hypo- 
phosphorous acid and the dibasicity of phosphorous acid, and 
Arbuzov (J. Russ. Phys. Chem. Soc., 1906, 38, 687) has shown that 
the trialkyl oxygen-esters of phosphorous acid readily pass into the 
quinquevalent form, P(OR), —+ PRO(OR),, so that the possible 
existence of the tervalent form of hypophosphorous acid, HP(OH),, 
which would be very reactive, supplies a chemical explanation. 
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The reaction between hypophosphorous acid and copper sul- 
hate is interesting in that the salt is reduced ultimately to the 
hydride, Cu,H,. The products of this reaction in weakly acidic 
ylution have been studied by Firth and Myers (T., 1911, 99, 1329), 
yho showed that one obtained a mixture of hydride, phosphate, 
and suboxide, and it appeared to be of interest to follow the course 
of the reaction kinetically. A few preliminary experiments showed, 
however, that it was even more complicated than anticipated, 
and, in the hope of elucidating the earlier stages of the reaction, 
cupric chloride was studied instead, since, in the dilutions used, 
this is reduced only to cuprous chloride, and the hypophosphorous 
acid is oxidised only to phosphorous acid. It is found that, in this 
case also, the velocity of reduction is independent of the concen- 
tration of the copper if it exceeds decimolar, and is almost identical 
with the rates of reduction of iodine and mercuric chloride in 
similar circumstances, being limited by the rate of change of hypo- 
phosphorous acid to its active form. 

The chief interest centred, therefore, in the examination of 
the reaction in very dilute solutions of copper chloride, where this 
reaction becomes so slow that it is of a lower order than that of 
the change H,PO,—-- H;PO,, and is then the only measurable 
raction. The change is represented stoicheiometrically by the 
equation: H;PO, + 2CuCl, = H,PO, + Cu,Cl, + 2HCl, but 
mathematical analysis shows that this reaction also is composed 
of two stages. The results are necessarily very complex, and their 
interpretation rests, to some extent, on circumstantial evidence, 
since their complete mathematical treatment (although fairly 
confirmatory so far as it goes) is limited by lack of data as to the 
two-stage ionisation of cupric chloride. It is hoped, however, 
that the results will prove of use in the further study of the reaction 
with copper sulphate, which is relatively so slow that it is inde- 
pendent of the hypophosphorous acid change, and depends only 
on the reaction between “ active’ acid and copper sulphate. 

The discussion can be divided into three parts : 

(a) Comparatively strong copper chloride solutions in which the 
slowest reaction is that concerning the change of hypophosphorous 
acid to its active form, and in which this constitutes the measur- 
able reaction ; 

(b) Weak copper chloride solutions, in which the foregoing 
reaction is relatively so fast as not to affect the measured velocity, 
which concerns only the subsequent changes ; and 

(c) Solutions intermediate in strength between these two classes, 
in which the reactions are of the same order and are superimposed. 

Case (a)—For copper solutions of this class, the method of treat- 
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ment adopted in previous communications (loc. cit.) is applied 


with a slight modification due to the effect of the copper chloride cil 


on the ionisation of the hydrochloric acid. The “total ion” 
hypothesis, of which use has previously been made, assumes that, 
in a mixture of two binary electrolytes having a common ion, 
each has the same degree of ionisation that it would have if 
present alone in the same total ion concentration. This has not been 
extended to ternary electrolytes with any certainty, but is here 
adapted to the case of copper chloride as follows: the hypothesis 
is obviously equivalent to stating that the degree of ionisation 
for each electrolyte is the same as it would have been if present 
alone with the same concentration of the common ion, and in this 
form it is applied to the case under discussion. This modification 
is equally probable on theoretical grounds, in view of the theories 
of isohydric solutions, and is simpler in its application ; moreover, 
as the effect of the copper chloride in depressing the ionisation of 
the hydrochloric acid, as found by graphical means on this hypo- 
thesis, rarely exceeds 7 per cent., it is unlikely to cause an actual 
error of more than 1 per cent., but the error in the case of copper 
chloride itself may be much greater—a point which is discussed 
more fully later. 

As before, for the reaction H,PO,—~>H,;PO, catalysed by 
hydrogen ions, one deduces the equation 

ds/dt = kh, 1, (1 — %) . ‘ ‘ . (I) 
since the “active” acid is being utilised as fast as it is formed 
and the reaction is therefore direct and not reversible ; / is the 
initial concentration of hypophosphorus acid and a its degree of 
ionisation, whence J(l1—«) is the concentration of the undis- 
sociated molecules ; h is the total hydrogen-idn concentration 
initially, and & is the velocity coefficient for the direct equilibrium 
change (k,, that for the reverse change, not being concerned in 
these cases). After a time ¢, s is the concentration of phosphorous 
acid formed or of hypophosphorous acid oxidised ; and the fore- 
going symbols have suffix ¢ added: h, however, is nearly a linear 
function of s, and may be replaced by (h + ms), m being the mean 
coefficient of increase of h with s in any particular experiment; 
(1 — ay) is the value of (1 —«) half-way through each particular 
period. The integration of (1) gives: 
(1 — ag) (h + ml)kt = log,(h + ms) /h + log,1/(l — 8) 
= log, h,/h + log, l/l, : . (2) 
The values of & in case (a) are moderately concordant and the 


mean (111 x 10-5) is in fair agreement with those obtained in the 
cases of iodine and mercuric chloride, 128 x 10-* and 134 x 10-5, 
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respectively, there being a variety of causes which makes the 
lower value less accurate. Experiment 25 is shown in detail and 


the remainder are summarised in Table I. 


Expt. 
*26 


33a 


Expt. 
63 
66 
69 


19-76 
39-72 
79-76 
78-56 
30-00 
49-84 


10-10, 
28. 


0-27 
0-58 
1-18 
1-83 
2-88 
4-05 
5-27 
6-54 
7-58 


a. 
10-00 
19-92 
20-13 


l-s. 
21-06 
19-62 
18-14 
16-54 
13-92 
11-08 

8-40 

5-80 


l-s. 
10-58 
10-44 
10-29 

9-99 

9-66 

9-14 

8-55 

7-95 

7-31 

6-79 


1. 
20-49 
20-94 
10-58 


Buc, 
2-45 
4-97 
7-69 

12-04 
16-97 
21-52 
25-94 


Experiment 25. 
a= 99-7, m = 1-438, 2cnCle = 0-517, enc = 0-850. 
h. kx 10. 
12-10 12-10 
11-53 13-98 
10:95 15-92 
10-46 = 18-15 
9-79 21-83 
9-13 26-10 
8-56 30-08 
8-10 34-04 

Mean 


a. 
0-553 
0-527 
0-500 
0-478 
0-447 
0-417 
0-391 
0-370 


1 == Ge 
0-460 
0-473 
0-487 
0-505 
0-522 
0-538 
0-553 


TABLE I. 


a. 
0-544 
0-553 
0-549 
0-544 
0-553 
0-553 


Hep =A. 
12-22 
11-83 
11-83 
12-22 
11-83 
11-83 
Mean 


Experiment 65. 
m = 1-418, 2cuCle = 0-553, anc = 0-860, 2Nacl = 0-730. 


H"p- 


kx 10°. 
104 
lll 
107 
113 
110 
111 


HCl 
0-913 


109 
106 
105 
106 
106 
107 
110 


107 x 10-5 


0-885 
0-859 
0-859 
0-895 
0-878 
109 x 10-5 


2CuCls * 
0-700 
0-637 
0-551 
0-551 
0-668 
0-616 


H’* HCl a. l-ay. H’). hah. &xXx 105. 

—— 0-650 — 7-02 7-02 — 
0-23 0-646 0-352 6-98 7-21 104 
0-50 0-640 0-354 6-91 7-41 106 
1:03 0-630 0-360 6-80 7-83 106 
1-57 0-618 0-365 6-68 8-25 105 
2-48 0-602 0-372 6-50 8-98 107 
3-48 0-586 0-382 6-33 9-81 109 
4-54 0-571 0-390 6-17 10-71 110 
5-62 0-556 0-398 6-00 11-62 111 
6-52 0-544 0-406 5:87 12-39 108 

Mean 107 x 10-5 
TABLE II. 

a Hp=hkxX10. anc acucl, @NaCl 
0-551 11-83 117 0-860 0-553 0-730 
0-551 11-83 126 0-855 0-532 0-730 
0-650 702 114 0-855 0-532 0.730 


Mean (including No. 65) 116 x 10~°. 


Certain experiments carried out in the presence of N/2-sodium 
chloride gave similar constants which remained unaffected until 
the copper chloride became as dilute as M/50, although without 


* Only the initial value is recorded here as a is below M/10 (p. — 
3L2 
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additional sodium chloride the constancy began to fail when the 
copper became weaker than M/10. Experiment 65 is given as 
an example of the sodium chloride series, and the remainder are 
summarised in Table ITI. 

As before, all concentrations are multiplied by 200 in order to 
avoid small decimals, and represent, therefore, gram-molecules 
per 200 litres. The initial molecular concentration of cupric 
chloride is denoted by a, wherefore (a — 2s) shows the concentration 
of unchanged cupric chloride. 

The degrees of ionisation of the three chlorides are indicated 
by « with the appropriate suffix, these being a mean in each experi- 
ment, the values at the beginning being slightly less, and those 
at the end slightly greater. The method whereby these are obtained 
is described later, but the increasing proportion of the highly ionised 
hydrochloric acid nearly compensates for the loss of chloride ions 
as cuprous chloride, and thus nearly maintains constancy of these 
values in each experiment. 

H*go represents the hydrogen-ion concentration derived from 
the hydrochloric acid, and H’p that derived from the hypo- 
phosphorous and phosphorous acids, which have nearly the same 
degree of ionisation, and which have a constant molecular total, 
allowance being made for a small proportion of phosphorous acid 
originally present in the hypophosphorous acid. 

The temperature was 25° throughout. 

Case (b).—When the reaction is so slow that it proceeds at less 
than one-tenth of the rate at which the hypophosphorous acid 
is capable of being transformed into its active form under the 
particular conditions, the concentration of the active form may 
be regarded as constant and proportional to /’ = / (1 — «), the con- 
centration of the hypophosphorous acid molecules, for the active 
form is produced at the rate khl’ — k,hy, y being its concentration 
at any particular moment, and it is being used at the rate ds/dt; 
y will be slightly less (say, by dy) than its true equilibrium value, 
which is y, = khl’/k,h, so that dy/dt = khl’ — k,h(y, — dy) — ds/dt, 
and as dy/dt is small compared with ds/dt and still smaller compared 
with kal’, one may put 


(ye — dy) = (khl’ — ds/dt)/k,h = kl’z/k,(z + 1), 


wherez = khl’/(ds/dt) —1; that is, y = (y,— dy) « I’ (z/z +1), 
and in the case under discussion we are considering only velocities 
such that ds/dt is less than khl’/10, that is, z > 9, that is, if y is 
taken as proportional to /’ the error involved will be 10 per cent. 
when the velocity is one-tenth of the maximum, or 2 per cent. 
when it is one-fiftieth of the maximum, and so on. 
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From a consideration of the velocities obtained when z is 
greater than 9, it was found that (1) when all other con- 
centrations were constant, or nearly so, the velocity was 
very nearly proportional to l’, the concentration of the hypo- 
phosphorous acid molecules ; and (2), similarly, other concen- 
trations being constant, the velocity was very nearly proportional 
to the square of the concentration of the cupric chloride. The 
experiments carried out with the addition of sodium chloride, 
intended to depress the ionisation of the copper chloride, 
showed an increase in velocity which was much greater than 
could be attributed to the increase in the un-ionised copper 


cupric 
ration 


icated 


X peri- 

those § chloride molecules, and which therefore directed attention to 
ained § the part played by the chloride ions. In addition to this, 
nised § the substitution of N/10-hydrochloric acid for N/10-sodium 


chloride unexpectedly gave much lower velocities, in spite of the 
fact that the un-ionised hypophosphorous acid molecules were 
increased, and pointed to a retarding effect of the hydrogen ions 
on the secondary reactions. 

Owing to the complex action of each ion on several others, 
Ostwald’s method of isolation could not be profitably employed, 
but for each small range of c, the chloride ion concentration (over 
which the ionisation of the copper chloride was nearly constant) 
the expression (ds/dt)h?/l’a*c? gave fairly concordant results (except 
incertain cases) and, in any particular experiment, gave a constancy 
which was well within the limits of experimental error of ds/dt. On 
the other hand, expressions such as (ds/dt)/l’a? and (ds/dt) /l’a*c* 
showed wide divergences (from 0-7 x 10-5 to 525 x 10-°, and from 
0:5 x 10-7 to 60 x 10-7 respectively) and fell off slowly but regularly 
ineach experiment. 

The retarding effect of hydrogen ions on the secondary reaction 
is also found in experiments with copper sulphate, where the 
primary change of hypophosphorous acid is relatively so rapid as 
not to be noticeable. It also explains a result which at first 
appeared anomalous, namely, that in approximately M /80-solutions 
of cupric chloride, with no additional hydrochloric acid or sodium 
chloride, M/10-hypophosphorous acid effected reduction somewhat 
less rapidly than M/20-acid, which is now seen to be due to the 
fact that the increase in the hypophosphorous acid is more than 
counterbalanced by the increase in the square of the hydrogen- 
ion concentration. 

It therefore appears probable that, in the case of the copper 
chloride, an intermediate compound is formed by an equilibrium 
which is depressed by hydrogen ions, and that this compound 
reacts with chloride ions to give the final products of the reaction. 
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Omitting the stage concerning the formation of the active acid. 
these reactions could be formulated : 


H,PO, + 2Cu"° == 2H’ + X*°.  . (I) 
X** + 2C’ =Cu,Cl,+H,PO, . . (II) 


where X* "is the intermediate complex, the active part of the copper 
being assumed to be the metallic ion, since it is difficult to under. 
stand the part played by the chloride ions if the cupric chloride 
molecule takes part. The equilibrium in which the hydrogen ion 
plays a part can only be an intermediate stage, since the other end- 
products of the stoicheiometric reaction H ;PO, + 2CuCl, = H,P0, + 
Cu,Cl, + 2HCl, do not appreciably affect the velocity of reaction 
when added in excess initially, corrections being made, of course, 
for the effect of the phosphorous acid on the hydrogen ion and 
hypophosphorous acid molecule concentrations, and the last stage 
is therefore not reversible. Moreover, the results obtained in the 
presence of N /2-sodium chloride for the change of hypophosphorous 
acid to its active form—case (a)—show that the active mass of the 
hypophosphorous acid is not affected by the sodium chloride, and 
the effect on the hydrogen ions is approximately equal to the small 
depression calculated. These results also show that the sodium 
chloride cannot affect these reactants appreciably by any virtual 
concentration due to hydration of the sodium or chloride ion, and 
therefore it cannot have any similar mechanical effect on the other 
reactant, copper chloride. 

Additional support is given to the hypothesis under discussion 
by the fact that there is a marked lag in the first few minutes of an 
experiment when h is large compared with c, or vice versa, which 
would tend to make either of the reactions (II) or (III) much slower 
than the other. 

Developing this hypothesis mathematically, if 2 is the concen- 
tration of the intermediate compound, we have for the formation 
and decomposition of y (the active acid) : 

dy /dt = (khl’ — k,hy) — (dx/dt +- ds/dt) . . (3) 
for the formation and decomposition of the complex : 
dx /dt = k,(a — 2x)*y — kgh*x —ds/dt . g . (4 
and for the final stage : 
ds/dt = kyxc? . , , . . (5) 
ky, kz, and k, being velocity coefficients. 

At this point a slight difference of treatment is necessary according 
as the complex is assumed to react as a cuprous or a cupric com- 
pound, but both assumptions lead to results of the same type. 
Both x and y are very small and each is being used at almost the 
same rate as it is being formed, so that dx/dt and dy/dt may be 
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neglected in comparison with the other magnitudes in the equations 
in which they occur. Elimination of x and y from these three 


equations gives 

(ds/dt) (1 + kyh/kya* + kykgh®/kakyc?a? + 4khl’ /kyc?a) = khl’ (6) 
the last term in the parentheses occurring only if the complex is 
assumed to be cupric, and the second power of ds/dt being neglected. 
Now we are considering, for the present, only cases in which 
lil’ |(ds/dt) is greater than 10, so that the unit in the parentheses 
may be neglected as an approximation, and one has 

(ds /dt) (rh? /U’a?c? +- r, /U’a? +-r,/ac?) =k , . (7) 

where r, 7,, and 7, replace the other constants. The integration 
of this equation is cumbersome and calculations are therefore based 
oly on the differentials, a method which makes them much more 
sensitive to experimental error, but much more capable of detecting 
changes in the course of the reaction which may be overlooked in 
the smoothing process of integration. 

Various modifying assumptions give rise to similar expressions, 
but always the terms in the brackets decrease with decreasing 
values of a except the term (ds/dt) h?/l’a*c?, which is very nearly 
constant, allowing for the rise in the value of z during the course 
of an experiment. If 7, and r, are very small compared with r, 
which would be the case if the equilibrium (II) is rapidly attained 
and is only slightly displaced towards the right, one has 

(ds/dt)h*/Va'e? = K . ‘ . - & 
where K = k/r. 

An alternative hypothesis, assuming ionisation of the active 
acid to give two hydrogen ions and a bivalent anion which reacts, 
would require a similar mathematical expression, but receives no 
support from the iodine series, in which the active mass of the active 
form was apparently unaffected by hydrogen ions. The same 
expression would result from the assumption that the latter part 
of the reaction was really quinquemolecular between one molecule 
of active acid, two cupric ions, and two chloride ions, and that 
hydrogen ions acted anticatalytically corresponding with the 
square of their concentration ; this assumption, however, has no 
precedent as regards the function of the hydrogen ions, and is 
therefore rejected in favour of the hypothesis developed above. 

In Table IIT are shown, for a number of experiments, the range 
of values of a for which the condition applies that z is greater than 
10, this range covering sometimes the whole experiment and some- 
times only the last stages of an experiment ; the mean values of 
l’ c, and h, over the range used, the extreme values being usually 
about one unit on either side in the case of A, and less than half a 
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unit in the cases of c and /’ ; the degree of ionisation of the cupric 
chloride ; and the mean value of the expression (ds/dt)h?/l’ac? 
K, from which is derived the value of r = k/K, k being 111 10-5 
as obtained in case (a). The column headed “‘ Remarks ”’ refers to 
initial conditions in the experiments annotated. Experiment 42 j, 
a detailed example, and is chosen, although the constancy is not s 
good as in the majority of cases, because it is one of the experiments 
in which both A and c are low and, as their relative changes are 
correspondingly high, they constitute a more crucial test of the 
accuracy of the expression than in cases in which h or ¢ is raised by 
the addition of hydrochloric acid or sodium chloride ; in this case 
the ratio h?/c? changes, in the course of the experiment, from 8-0] 
to 13°15. The slight rise in the value of K would be somewhat 
decreased if one took into account the fact that /’ should be de. 
creased by about 2 per cent. in the value for ¢t = 40 (see p. 1628), thus 
increasing K by that extent, and by only 0°5 per cent. in the value 
at t= 380. This correction has been ignored throughout the con- 
sideration of case (6), but it is automatically rectified in case (c) by 
the introduction of the term (ds/dt) /hl’. 


Experiment 42. 
(l = 10-01—10-02 throughout). 
10° x 
é. 2s. a-2s. Ls. Hua. ap. H'p. h. c. 2ds/dt. K x10. 
O — 2-466 21:96 — 0-544 12-22 12-22 4-32 — 
40 0-171 2-295 21-87 0-16 0-542 12-18 12-34 420 385 316 
80 0-310 2-156 21-80 0-30 0-540 12-13 12:43 4:10 318 315 
120 0-426 2-040 21-75 0-41 0-539 12-11 12-52 4-01 268 314 
160 0°526 1°940 21°70 0°50 0°538 12°09 12°59 3°93 233 324 
220 0-654 1-812 21-63 0-63 0-537 12-07 12-70 3-84 193 322 
270 0-745 1-721 21-59 0-71 0-536 12-05 12-76 3-76 .168 326 
320 0-825 1-641 21-55 0-79 0-535 12-03 12-82 3-70 147 328 
380 0-904 1-562 21-51 0-87 0-534 12-01 12-88 3-65 129 330 
454 0-994 1-472 21:46 0-95 0-533 11-98 12-93 3-57 = 


Mean 322 x 10-5 


When 2s = 0, acucl, = 0-872, eHcl = . 
2s = 0-5, 0-881, 0-960. 
2s.= 1-0, 0-888, 0-962. 


It will be noticed that, as a rule, the value of K decreases at first 
more rapidly than the square of the apparent degree of ionisation 
of the cupric chloride, and then becomes almost independent of 
this function. If one applies the principles of the “ total ion” 
hypothesis to each stage of the dissociation of cupric chloride, one 
finds that the first addition of extraneous chloride ions to dilute 
cupric chloride solutions produces a relatively large effect on the 
concentration of the cupric ion, most of its decrease being trans- 
ferred to the undissociated molecule and very little to the CuCl’ ion; 
as the concentration of the extraneous chloride ion increases, the 
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relative effect on the cupric ion becomes smaller and smaller, anq 
this depression is transferred more and more to the CuCl’ ion, 
and correspondingly less to the undissociated molecule. When one 
considers that, on the hypothesis developed analytically, the cupric 
ion is assumed to be the active part of the cupric chloride, and that 
to obtain comparable constants one should divide the values gf 
(ds/dt)h?/l’a*c? by aoum,, it is at once seen that the tabulated 
values fall into line, qualitatively, with the requirements of the 
dissociation theory outlined in this paragraph. The substitution 
of hydrochloric acid by nitric acid gives results in good agreement 
with these ideas, but experiments in which more concentrated 
hydrochloric acid was used, or in which both sodium chloride and 
hydrochloric acid were used, give anomalous results, showing a 
tendency to rise with increasing concentrations of hydrochloric 
acid, but in each experiment K remains satisfactorily constant in 
spite of the change in the value of h?/c?. The experiments in which 
N/10-sodium chloride was used give results agreeing with those 
from N/4- and N/2-sodium chloride in spite of some difference in 
the degree of ionisation of the cupric chloride. Many attempts 
have been made to evolve an hypothesis which would bring these 
experiments into line, but in the absence of definite knowledge as to 
complex ions, of which the formation would be very slight in dilute 
chloride solutions but possibly appreciable in the presence of 
greater concentrations of chloride ions, the subject seems incapable 
of further discussion. 

The objection may be urged that reaction (III) is an ionic one 
and therefore should be instantaneous, but there are several ex- 
amples in the literature of ionic reactions occupying appreciable 
time, especially when they involve several ions and are not uni- or 
bimolecular, for example, that between bromic and hydrobromic 
acids (Judson and Walker, T., 1898, 73, 410), which is bimolecular 
with regard to hydrogen ions and unimolecular with regard to both 
bromate and bromide ions. 

Case (c).—Owing to the somewhat unsatisfactory nature of the 
results in case (b), it is superfluous to treat the experiments in this 
case in any detail. Here the unit in parentheses in equation (6) 
cannot be neglected, but, neglecting the terms which were found 
to be small in case (5), one has : 


(ds/dt) (1 +- rh?/c?a*) = khl’, 
or (ds/dt)/h’ +rK =k . ; . (9) 


where (ds/dt)h?/l’a*c? = K, as in (8), and r has the same significance 
as in (7). 
For each experiment a value of r was selected which gave the 
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most constant value of k, and the mean values of & thus obtained 
in twenty-seven experiments ranged from 102 x 10~ to 114 x 10° 
with a mean of 109 x 10-°. The values of r thus utilised showed 
the same general characteristics as those in Table III. 


EXPERIMENTAL. 

The general method of procedure was similar to that used in 
the cases of iodine and mercuric chloride (loc. cit.). 

An important modification was necessary, however, in order 
to avoid atmospheric oxidation of the cuprous chloride, which, 
in dilute solutions, often exceeded the rate of reduction of the 
cupric salt. For this purpose, the whole reaction was carried out 
in an atmosphere of carbon dioxide. The gas, generated in a 
Kipp’s apparatus, was passed through two wash-bottles con- 
taining dilute cupric chloride solution and then, by means of a 
three-way tap, was directed either (a) through a tube reaching 
to the bottom of the liquid in the reaction-flask, from which it 
escaped by way of an outlet provided with rubber tubing and a 
screw-clip which regulated its flow, or (b) to the top of a 5 or 20 c.c. 
pipette fitted with a side-tube and a tap, similar in pattern to 
the 2 c.c. pipette recommended by Ostwald for the calibration of 
burettes. When a titration was required, the screw-clip on the 
reaction-flask was closed and a three-way tap in branch (6) leading 
to a mercury-trap was opened, so that some of the liquid was forced 
out of the flask by another tube connecting with the side-tube of 
the pipette until it reached slightly above the top mark of the 
pipette. Communication with the flask was now cut off by closing 
a screw-clip on the connecting tube, and the mercury-trap was 
cut out and branch (6) put into action so that, on opening the 
tap of the pipette, the liquid could be accurately adjusted to the 
top mark, and subsequently run off into the titration-flask until 
it reached the bottom mark. The liquid remaining in the pipette 
was forced back into the reaction-flask by opening the two screw- 
clips, and by re-opening branch (a) the cycle was completed. 

The requisite amount of concentrated hypophosphorous acid 
(usually 2 or 4 c.c. of acid, d 1°14) was placed in a small tube 
suspended inside the flask by means of a piece of thread passing 
through the outlet tube. At zero-time the tube could be upset 
and its contents rapidly mixed with the contents of the flask, 
which consisted of a definite volume (usually 100 or 200 c.c.) con- 
taining the cupric chloride and other reagents as required. 

The nozzle of the pipette delivered the liquid below the surface 
of a solution containing excess of potassium iodide and sufficient 


sodium acetate to neutralise the “strong” acids, so that the 
3L*2 
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reaction was stopped completely before any cuprous chloride 
came into contact with the air, and the titration was carried oy 
with sodium thiosulphate solution of appropriate strength. The 
whole operation, except the draining of the pipette and fine adjust. 
ment of the titration, occupied less than thirty seconds with practice. 
and could be timed so that the pipette was half-empty at any given 
time within one or two seconds. 

Blank experiments in which solutions of cupric chloride of known 
thiosulphate titres were added to a mixture, such as would be 
obtained, of potassium iodide, sodium acetate, hydrochloric acid, 
hypophosphorous and phosphorous acids, showed that the titre 
was invariably correct. Also, in order to check experiments in 
which nitric acid was used, a test experiment was carried out 
which showed that, under the same conditions, nitric acid and 
cuprous chloride did not’ react appreciably. Similarly, in the 
dilutions used, hypophosphorous and nitric acids had no mutual 
action. 

For the calculation of the degrees of dissociation of hydrochloric 
acid and sodium and cupric chlorides in these experiments, graphic 
methods were used and curves were constructed for each of the 
three chlorides separately showing the relation between degree of 
ionisation and concentration of chloride ions. By the method of 
trial, a total concentration of Cl’ ions (c) was then found, such that 
if «1, %, and a, were the corresponding degrees of ionisation of 
the three chlorides respectively and c,, c,, and c, their respective 
concentrations, then ¢ = €,%, + Cy% + 2¢3%,. 

The data used were those of Bray and Hunt (J. Amer. Chem. 
Soc., 1911, 33, 781) for hydrochloric acid and sodium chloride, 
and of Kohlrausch for cupric chloride; the last were not corrected 
for viscosity, and therefore are not very accurate in the more con- 
centrated solutions, but as they are doubtless statistical values 
which cover also the first-stage dissociation, their significance is 
uncertain in the stronger solutions in any case. On the other 
hand, except in case (a), the copper solutions are dilute, so that 
when the chloride concentration is small the error involved is 
slight, and when the chloride concentration is large the error is 
greater but is relatively small. A similar remark applies to the 
effect of the solubility of cuprous chloride on the chloride-ion 
concentration : the cuprous chloride is precipitated almost from 


the beginning in the weaker chloride solutions and the actual | 


error is small, whereas, in the stronger chloride solutions, its 
solubility is greater and the precipitation is delayed, but the relative 
effect is small. 

A series of experiments was carried out in the presence of a 


\RT Iy, 


hloride 
ied out 

The 
ud just- 
‘actice. 
’ given 


known 
ild be 
> acid, 
' titre 
nts in 
d out 
1 and 
n the 
utual 


hloric 
aphic 
f the 
ee of 
od of 
that 
mn of 
ctive 


hem. 
ride, 
cted 
con- 
lues 
e is 
ther 
chat 
1 is 
r is 
the 
ion 
om 
ual 


ITS REACTION WITH CUPRIC CHLORIDE. 1637 


mixture of N-phosphoric acid and N-potassium dihydrogen phos- 
phate to regulate the hydrogen-ion concentration. In the iodine 
geries these experiments gave very concordant values for a constant 
in the more concentrated solutions, this constant being 265 x 10-4 
for what was virtually a unimolecular reaction consisting of the 
change of hypophosphorous acid to its active form. In the present 
experiments, when a@ exceeded 30, constants of 260 x 10-4, 
974 x 10-4,and 270 x 10-4 were obtained ; the velocity is therefore 
the same in both series. With stronger solutions of copper chloride, 
the production of hydrochloric acid soon becomes so large as to 
overcome the effect of the regulator, and the constant rises. With 
weaker solutions, when a is less than 5, the main reaction is so 
rapid as not to affect the measurable velocity, and the values of 
(ds/dt) /la* fall off slowly as in the ordinary solutions—case (6)— 
but the ionic relations are so complicated that it is impossible 
to draw any definite conclusions. 

The irreversibility of the complete reaction was demonstrated 
by using a mixture of cuprous chloride, suspended in N/10-hydro- 
chloric acid and N/10-sodium chloride, and N/10-phosphorous 
acid; the very slight oxidation of the cuprous salt was no greater 
than that obtained in blank experiments which had been devised 
to detect accidental oxidation, and was of a lower order than the 
slowest reduction-velocity recorded. The fact that all the reactions 
came very nearly to a standstill when the total reduction was equiva- 
lent to the hypophosphorous acid initially present also pointed to 
the irreversibility of the reaction. The latter fact, in addition, 
supports the results of other tests, made independently, which 
showed that reaction between cupric salts and phosphorous acid 
is negligible compared with that of hypophosphorous acid. 

In all the data given, ds/dt is obtained from a smoothed curve 
of the first differentials, but the recorded values of 2s are not 
smoothed. This method, although sensitive to experimental 
error, constitutes a far more rigid criterion of the nature of the 
reaction than an integrated constant, which often gives a misleading 
appearance of accuracy. Nearly all the experiments have been 
checked by duplicates, and the agreement is usually very close in 
actual titres, although naturally the values of ds/dt, even when 
smoothed, vary to a larger extent, but are correct to within 2 or 3 


per cent. 


Summary. 

(1) The first stage in this, as in similar reductions which have 
been described, is the change of hypophosphorous acid molecules 
to the active form, provisionally formulated as H;PO,; this change 
is catalysed by hydrogen ions. 
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(2) In dilute copper solutions two succeeding reactions are 
detected : (a) an equilibrium in which the copper ion and the active 
hypophosphorous acid give a complex ion (X**) and hydrogen ions, 
which therefore repress the reaction: H;PO, + 2Cu’*? = X**+- 2H’; 
and (6) a direct reaction between the complex and chloride ions: 
Xx” + 2Cl’ = Cu,Cl, + H,POs. 

(3) The foregoing statement is based primarily on circum. 
stantial evidence, but a certain amount of mathematical support is 
also adduced. 


UNIVERSITY OF LONDON, 
Sours Kensineton, S.W. [Received, April 28th, 1922.] 


CXCV.—Experiments on the Synthesis of the Polyacetic 
Acids of Methane. Part VII. iso-Butylene-ayy-' 
tricarboxylic Acid and Methanetetra-acetic Acid. 


By CHRISTOPHER KeLkK INGoLD and Lewis CHARLES NICKOLIS. 


THE practical object with which this series of researches was 
instituted, namely, the preparation of the acids I, II, III, and IV, 
has now been accomplished. Methanetriacetic acid (I) (T., 1921, 
119, 352; this vol., p. 1419) and carboxymethanetriacetic acid (II) 
(T., 1921, 119, 1871) have already been obtained in quantity, and 
methods for the preparation of isobutylene-ayy’-tricarboaylic acid 
(III) and methanetetra-acetic acid (IV) are now described. 


(I.) CH(CH,°CO,H), (CO,H-CH,),C:CH-CO,H (IL) 

(I1.) CO,H-C(CH,°CO,H), C(CH,°CO,H), (IV.) 

On the theoretical side, the experiments described in the present 
paper are a logical application of the general principles, previously 
elucidated (Parts I, II, III, IV, and VI), regarding the conditions of 
formation of branched-chain esters by the Michael condensation. 
Two main groups of phenomena influence these reactions : (a) the 
three-carbon tautomerism of the glutaconic acids from which the 
polyacetic acids may be supposed, in an empirical sense, to be 
derived by the addition of one molecule of acetic acid (T., 1921, 
119, 341, 1222, 1865); (b) the reversibility of the Michael reaction 
(T., 1921, 119, 1582, 1866; this vol., p. 1414), which has also been 
established for cases outside the methanetriacetic acid series (Ingold 
and Powell, T., 1921, 119, 1976). The plan according to which the 


2] 
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new syntheses were devised was based on the knowledge that has 
been gained regarding the mode of operation of these two sets of 
conditions, and it may be in consequence of this that every one of 
the reactions proceeded according to expectation. 

isoButylene-«yy’-tricarboxylic acid was first synthesised in the 
following manner. Citric acid was converted successively into 
acetonedicarboxylic acid, ethyl acetonedicarboxylate, and $-chloro- 
glutaconic acid by processes, improved in detail, but essentially 
similar to those described in the literature. The chloro-acid was 
then esterified, and the ester (V) condensed with ethyl sodiomalonate 
to give a product (VI), which, on hydrolysis, yielded isobutylene- 
ayy'-tricarboxylic acid (IIT) : 


CO,Et-CH\ ay + CHNa(CO,Et), 
A 


(0,Et-CH J 
(V.) wv “ 
CO,Et-C 
co.necH> C-CH(CO, Et), —> (111.) 


(VI.) 


This synthesis, although simple and convenient as a method of 
preparation, does not provide an adequate basis for the constitution 
assigned to the acid. The ester (V) is a mobile glutaconic ester, and 
therefore it is possible that the reaction consists in the 1 : 3-addition 
of ethyl sodiomalonate (compare Ingold and Thorpe, T., 1921, 119, 
492) followed by the internal elimination of sodium chloride. It is 
true that in this case the immediate product (VII) would not be 
unsaturated; but it would be the cyclic individual of a ring-chain 
three-carbon tautomeric system, and might pass partly or wholly 
into its open-chain unsaturated isomeride (VIII) : 


/CH-CO,Et oar / CH(CO,Et) 

CO,Et-CHyCH¢ | ~—_ CO,Et-CH:CH | 

C(CO, Et), CH(CO,Et), 
(VII.) (VIIT.) 
CO,H-CH:CH-CH(CO,H)-CH,°CO,H = (IX.) 
The ester actually obtained was unsaturated, and so also was the 
acid derived from it by hydrolysis; hence the decision lay between 
the formule (VI) and (VIII) for the ester, and between (III) and 
(IX) for the acid. 

The first plan which was tried was based on the well-known 
method for converting mobile glutaconic acids into derivatives of 
2:6-dihydroxypyridine by treating their esters with ammonia. 

The pyridine derivative which could be obtained in this way 
from the unsaturated acid having formula (III) or (IX) would 
have formula (X) or (XI), and on cautious oxidation might give 
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2:6-dihydroxyisonicotinic acid (XII) or 2: 6-dihydroxynicotinic 
acid (XIII), both of which are known : 


CH,°CO-NH, CO,H 
a i. / \CH,CO-NH, 4 CO H 
—~ - 
OH\./OH  OH\_/0H OH\./0H oH\ /ox 
N N N N 
(X.) (XIL) (XI.) (XIIL.) 


No difficulty was experienced in preparing a dihydroxypyridine. 
acetamide, which is now known to have formula (X) (not XI) 
but it could not be oxidised to a known acid because the mildest 
oxidising agents, even atmospheric oxygen, converted it into a 
bluish-green substance of comparatively large molecular weight. 
2: 6-Dihydroxypyridine itself also possesses this property, but toa 
much smaller extent. 

The constitution of the unsaturated acid was ultimately settled 
by reduction. The acid was unaffected by sodium amalgam. 
aluminium amalgam, or the zinc-copper couple under ordinary 
conditions, whilst heating with hydriodic acid, with or without the 
addition of phosphorus, yielded gums. Finally, however, reduction 
was effected by means of sodium amalgam in boiling acid solution 
as described on p. 1645, and the product was identified as methane. 
triacetic acid (I), which conclusively establishes the formula (III) 
for the unsaturated acid. The tetracarboxylic ester must therefore 
have formula (VI), and not (VIII). n-Butane-«$d-tricarboxylic 
acid, the reduction product to be expected from an acid of the 
formula (IX), is known and has about the same melting point as 
methanetriacetic acid, but the identity of the reduction product 
actually obtained with methanetriacetic acid, and its non-identity 
with n-butane-«$6-tricarboxylic acid, was conclusively proved by 
direct comparison with synthetic specimens of each of these 
substances. 

In order to obtain methanetetra-acetic acid (IV), ethyl iso- 
butylene-«yy’-tricarboxylate (XIV) was condensed with ethyl 
cyanoacetate, the product (XV) yielding methanetetra-acetic acid on 
hydrolysis : 

CO'ELCH? C-CHCO,Et + CH,(CN)-CO,Et ————+ 
(XIV.) 
CO,Et-CH,\, ,. /CH(CN)-CO,Et 
CO,Et-CH,7 © \CH,-CO,Et 
(XV.) 
The yield of the condensation product (XV) amounted to 80 per 
cent. of the theoretical, whilst, as might be expected from what 


— (IV.) 


has be 

showe 

under 
In 
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has been written in the earlier parts of this series, ethyl malonate 
showed no tendency to condense with the unsaturated ester (XIV) 
under similar experimental conditions. 

CO,Hf} In considering this condensation, it is also necessary to take 
| count of the possibility of 1: 3-addition to the normal form of the 
OH glutaconic ester concerned. Such a reaction would lead to a cyano- 
eter having the formula (XVI), whilst the acid obtained on hydro- 


COtinie 


) lysis would not be methanetetra-acetic acid but an isomeric acid of 
idine. § formula (XVII) : 

X00 CO.EtCH\ o-09-00.E CO,H-CH,\ 
ildest CO, Et-C H, D aaa veal CO,H-CH, DCH CH CO,H 
to a CH(CN)-CO,Et CH,CO,H 
sight, (XVL) (XVIL) 


In order to settle the question, the acid (XVII) was synthesised 
by a method which left no doubt concerning its constitution. The 
ttleq § starting point was ethyl w-cyanomethanetriacetate (XVIII), the 
structure of which rests, first, on its synthesis from ethyl $-hydroxy- 


ya 
8 gutarate and ethyl cyanoacetate, and secondly on its hydrolysis to 
the | methanetriacetic acid (Ingold, T., 1921, 119, 352). This ester was 
tion | converted into its sodio-derivative and this condensed with ethyl 
tion § iodoacetate to give a cyano-ester (XIX), which, on hydrolysis, yielded 
ine, & the acid (XVII) : 
II) /CH,'CO,Et 
‘ore | CH—CH,"CO,Et + CH,I-CO,Et —————> 
ig \CH(CN)-CO,Et 
the (XVIIL.) /£Hz CO, Et 

CH—CH,°CO,Et —> (XVII) 
as \.C(CN)(CO,Et)-CH,-CO,Et 
act (XIX.) 


ity | The acid was different from that obtained from isobutylene- 
by § tricarboxylic ester by condensation with ethyl cyanoacetate. The 
sé J cyano-ester produced in this way must therefore have formula (XV) 

and not (XVI), whilst the acid obtained on hydrolysis must be 


}0- methanetetra-acetic acid (IV). 
yl The yields obtained in the reactions which lead from citric acid 
mn to methanetetra-acetic acid are good on the whole, and considerable 


amounts of this acid, and of isobutylenetricarboxylic acid, have 
already been prepared by the process described. The investigation 
of these acids is in progress. 

From the crystallographic point of view methanetetra-acetic acid 
is of exceptional interest on account of its great symmetry. The 
systematic crystallographical examination of such symmetrical 
structures has been undertaken by Miss I. E. Knaggs of this College, 
’ whose results on methanetetra-acetic’ acid and certain related 
compounds will shortly be published. 
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EXPERIMENTAL. 


(A.) Synthesis of isoButylene-xyy'-tricarboxylic Acid from 
Citric Acid. 

Acetonedicarboxylic Acid.—The preparation of this substance from 
citric acid by Jerdan’s method (T., 1899, 75, 809, footnote) is not 
always successful owing to the serious effect on the yield of very 
small variations in the experimental conditions. In the course of the 
present experiments the following process was thoroughly standar. 
dised. Two kilograms of fuming sulphuric acid (SO, = 15 per 
cent.; d 1-920) are added as rapidly as possible, with constant 
stirring, to one kilogram of finely powdered hydrated citric acid. 
A considerable amount of heat is evolved and large volumes of carbon 
monoxide escape. After fifteen minutes the mixture is cooled by 
a freezing-mixture (ice-salt), and one kilogram of crushed ice added 
with stirring. When cold, the pasty mass is filtered on glass-wool, 
and the solid pressed in a hydraulic press and then thoroughly dried 
on porous plates. The average yield is 450 grams, or about 80 per 
cent. of the theoretical. 

Ethyl Acetonedicarboxylate—The preparation of this substance 
has been described by Jerdan (Joc. cit.), but, in our hands, his process 
gave very unsatisfactory results, to obviate which the following 
method was evolved as a result of many comparative experiments, 
Absolute ethyl alcohol (500 grams), saturated with hydrogen 
chloride at the ordinary temperature, is treated at 0° with 300 grams 
of dry acetonedicarboxylic acid. The suspension is shaken fre- 
quently to aid solution of the acid, and kept at the ordinary temper- 
ature for forty-eight hours, after which water is added and the ester 

isolated by extraction with ether. Ethyl acetonedicarboxylate and 
ethyl acetoacetate are easily separated by distillation under dimin- 
ished pressure, and there is need to employ the tedious chemical 
separation used by previous workers. The quantity of ethyl 
acetoacetate in the crude ester is only 5—10 per cent., much less, 
therefore, than the amount contained in Jerdan’s product. The 
yield of pure ethyl acetonedicarboxylate, b. p. 141—143°/15 mm., 
is 240 grams, that is, 60 per cent. of the theoretical. 

8-Chloroglutaconic Acid.—Burton and von Pechmann’s method 
(Ber., 1887, 20, 145) for preparing this substance consists in treating 
ethyl acetonedicarboxylate with phosphorus pentachloride (3 mols.) 
and hydrolysing the product. We were, however, unable to obtain 
by this means more than small traces of a very impure acid which 
seemed to be @-chloroglutaconic acid, but could neither be purified 

nor identified with certainty. The main product of the action of 
this proportion of phosphorus pentachloride on ethyl acetone- 
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dicarboxylate is a highly crystalline chloro-ester, m. p. 96°, not 
mentioned by Burton and von Pechmann, which does not appear 
to yield 6-chloroglutaconic acid on hydrolysis. The chloro-ester is 
at present under investigation. 

A satisfactory process for the preparation of 8-chloroglutaconic 
acid was evolved from many comparative experiments. Ethyl 
acetonedicarboxylate (90 grams) and phosphorus pentachloride 
(95 grams) are mixed as rapidly as the brisk evolution of hydrogen 
chloride allows, the temperature being kept below 50°. When the 
reaction is finished, the mixture is poured into water, ice being added 
from time to time to prevent an undue rise of temperature as the 
phosphoryl chloride decomposes. The red oil is extracted with 
ether and hydrolysed by boiling for two and a half hours with 
20 per cent. hydrochloric acid. The clear yellow solution is evapor- 
ated on a water-bath until it crystallises while still hot, and the 
acid dried in ethereal solution with calcium chloride. The acid thus * 
obtained is free from gum and nearly pure, the yield being 51 grams, 
that is, 70 per cent. of the theoretical. 

Ethyl 8-Chloroglutaconate (V).—The above product (100 grams) 
was mixed with 300 grams of ethyl alcohol and 50 c.c. of sulphuric 
acid in a flask provided with a 10 cm. fractionating column attached 
toa condenser. The mixture was kept at its boiling point while 
alcohol vapour was passed in from another flask until 1-5 litres had 
collected in the receiver. The neutral ester was separated from a 
small trace of acid ester by adding water, extracting with ether, and 
washing with aqueous sodium carbonate. The yield of nearly 
pure ester, b. p. 135—140°/11 mm., was 120 grams, that is, 90 per 
cent. of the theoretical. 

Ethyl 6-chloroglutaconate is a colourless, mobile oil with a charac- 
teristic sweet, fruity odour. It has b. p. 136—137°/11 mm. 
(Found: C= 48:9; H=61; Cl= 16-1. C,H,,0,Cl requires 
C= 49:0; H = 6-0; Cl = 16-1 per cent.). 

Ethyl isoButylene-xyyy’'-tetracarboxylate (VI).—Ethyl 8-chloro- 
glutaconate (1 mol.) was added to a cold suspension of ethyl sodio- 
malonate (1-2 mols.) in absolute ethyl alcohol. Sodium chloride 
rapidly separated with considerable evolution of heat, which caused 
the solvent to boil for a short time. The mixture was treated on the 
steam-bath for half an hour, then cooled, and poured into a large 
volume of water. The neutral oil, which was isolated by extraction 
with ether in the usual way, consisted of the tetracarboxylic ester 
with some unchanged ethyl malonate, which was easily removed by 
distillation. The tetraethyl ester boils at 220—222°/12 mm. with 
slight decomposition. The yield of the crude ester was about 65 per 
cent., and of the distilled ester 50 per cent., ot the theoretical 
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(Found: C=55-0; H=6-8. C,.H,,0, requires C = 558: 
H = 7-0 per cent.). 

Ethyl cyanoisobutylenetricarboxylate—This substance, obtained 
by condensing ethyl @-chloroglutaconate with ethyl sodiocyano. 
acetate (2 mols.), boiled at about 230°/12 mm., but it decomposed 
much more extensively than the preceding substance, and therefore 
could not be obtained pure for analysis. 

isoButylene-xyy'-tricarboxylic Acid (III).—This acid was usually 
prepared by hydrolysing the tetra-ethyl ester with 20 per cent, 
hydrgchloric acid. After boiling for forty-eight hours, the solution 
was evaporated on a water-bath. The syrupy acid obtained, the 
yield of which amounted to 85 per cent. of the theoretical, was pure 
enough for conversion into its ethyl ester (below); but on keeping 
for a few days it crystallised in clusters of needles, which, after 
recrystallisation from concentrated hydrochloric acid, from ether, 
or from a mixture of chloroform and acetone, melted at 140°. 

Specimens of the syrupy acid which are too impure to solidify can 
easily be purified by conversion into the crystalline calcium salt and 
subsequent regeneration. The acid can thereafter be crystallised 
without difficulty. 

The pure acid is very soluble in water, alcohol, or acetone, but 
only slightly soluble in ether, chloroform, or benzene (Found: 
C=447; H=44. WM, by titration, = 188°2. C,H,O, requires 
C= 447; H=4-3 per cent.; M = 188). It instantly reduces 
cold alkaline permanganate. 

2 : 6-Dihydroxypyridine-4-acetamide (X) (The imide-amide of 
isobutylenetricarboxylic acid)—This substance was prepared by the 
action of ammonia on ethyl isobutylenetricarboxylate (below), but 
owing to the facility with which it was oxidised by oxygen to a blue- 
green compound of unknown constitution special precautions had 
to be taken to exclude air. The ester was placed in a sealed tube 
with twice its weight of aqueous ammonia previously saturated at 0°. 
The tube was furnished with a capillary neck at each end, the upper 
one containing a minute plug of asbestos. After keeping for one 
week at the ordinary temperature, when a mass of colourless needles 
had separated, the tube was placed in an inverted position within 
an inverted test-tube full of hydrogen, the capillaries were broken, 
and the crystals collected on the asbestos plug with the aid of a pump. 
They were washed with water and methyl alcohol and dried in situ, 
the whole operation being conducted in hydrogen. When dry, the 
crystals, m. p. 228°, are fairly stable, but they turn green at once on 
dissolving in water in the presence of air (Found: N = 16°85. 
C,H,0,N, requires N = 16°7 per cent.). 

Methanetriacetic Acid (1).—The general behaviour of tsobutylene- 


e- 
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tricarboxylic acid towards reducing agents is described on p. 1640, 
and little need be added here excepting the details of the reduction 
to methanetriacetic acid. The acid (2 grams) was dissolved in 
50 c.c. of water, and the solution kept boiling for four hours while 
150 grams of 4 per cent. sodium amalgam were added, the liquid 
being maintained slightly acid by the occasional addition of hydro- 
chloric acid. The aqueous solution was separated from the mercury, 
strongly acidified with hydrochloric acid, and evaporated to dryness. 
The methanetriacetic acid was extracted from the residue with 
ether, and after draining as completely as possible from the accom- 
panying gum, was purified by crystallisation from ether, and identi- 
fied by direct comparison and a mixed-melting-point determination 
with an authentic specimen. 

The bromination products of isobutylenetricarboxylic acid are 
characteristic, and are at present being investigated. 

Ethyl isoButylenetricarboxylate (XIV).—This ester was prepared 
by directly esterifying the acid with ethyl alcohol in the usual way. 
It is a colourless, mobile oil, b. p. 174—175°/11 mm. (Found : 
C=571; H=75. C,3;Hy 90, requires C = 57:3; H=7°'3 per 
cent.). It shows no tendency to condense with ethyl sodiomalonate 
under the usual conditions of the Michael reaction, but it condenses 


easily with ethyl cyanoacetate (below.) 


(B.) Synthesis of Methanetetra-acetic Acid from isoButylene 
tricarboxylic Acid. 


It is not necessary to isolate pure ethyl isobutylenetetra- 
carboxylate or pure isobutylenetricarboxylic acid in order to obtain 
the ethyl isobutylenetricarboxylate required for the preparation 
of methanetetra-acetic acid. The syrupy product of hydrolysis, 
obtained from the crude (undistilled) tetraethyl ester, was dried 
by dissolving in ether and shaking with calcium chloride, and then 
esterified with ethyl alcoho! by the method described on p. 1643. 
The ester (b. p. 173—176°/11 mm.) was thus obtained in a yield of 
80 per cent. of the theoretical calculated on the syrupy acid, or of 
50 per cent. of the weight of ethyl 6-chloroglutaconate employed. 

Ethyl w-Cyanomethanetetra-acetate (XV).—The triethyl ester 
(13-6 grams) was added to a cold alcoholic suspension of ethyl 
sodiocyanoacetate prepared from 11°3 grams (2 mols.) of ethyl 
cyanoacetate, 2°3 grams of sodium, and 30 grams of ethyl alcohol. 
The mixture was heated for five hours on the steam-bath, and the 
gelatinous product mixed with excess of dilute hydrochloric acid 
and extracted with ether. The extract was washed with aqueous 
sodium carbonate and with water, dried, and evaporated, and the 
residue distilled. The cyano-ester (11 grams) boiled at 234—235°/13 
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mm., and was obtained as a viscous, pale yellow oil. The acig 
products recovered from the sodium carbonate washings yielded q 
further quantity on esterification with ethyl alcohol, the total yield 
amounting to 80 per cent. of the theoretical (Found: C = 564. 
H=70; N=3°88. C,,H,,O,N requires C= 561; H =74. 
N = 3°64 per cent.). 

Methanetetra-acetic Acid (I[V).—A mixture of the above cyano. 
ester with an equal volume of cold concentrated sulphuric acid was 
kept at the ordinary temperature for twelve hours, then diluted with 
two volumes of water and boiled for seven hours, care being taken 
to allow the alcohol vapour to escape freely from the condenser. 
The crystals which separated were filtered, and the filtrate evaporated 
until a further crop was obtained on cooling. Extraction of the 
strongly acid liquid with ether yielded a small additional quantity 
of crystalline material. 

The crystals contained 2—3 per ecnt. of nitrogen, which was only 
slowly removed by boiling with 50 per cent. sulphuric acid or with 
40 per cent. potassium hydroxide. Treatment with nitrous acid, 
however, rapidly eliminated the nitrogen and yielded methanetetra- 
acetic acid in the pure condition. The crystals were dissolved in 
forty times their weight of water, and treated with an excess of 
sodium nitrite and hydrochloric acid, the solution being slowly 
raised to the boiling point. When it had boiled for a few minutes, it 
was rendered exactly neutral by adding sodium hydroxide, and then 
treated with an excess of barium chloride. The copious flocculent 
precipitate became crystalline after keeping for twelve hours in 
contact with its mother-liquor, and was then collected, washed, 
and decomposed with hydrochloric acid. The acid solution was 
evaporated to dryness, and the powdered residue extracted with 
boiling acetone. The residue from the acetone was washed with 
ether and finally purified by crystallisation from water, from which 
the tetra-acetic acid separated in stout, well-formed, glistening 
octahedra. At 226° the acid begins to soften and a gradual loss 
of water takes place; when the temperature of the bath is raised 
rapidly, the acid melts at 248°, but sinters perceptibly below that 
temperature (Found: C= 433; H= 48. C©,H,.O, requires 
C = 43°55; H=4°8 per cent.). The acid is slightly soluble in 
ether, but is more soluble in acetone or water. 

The barium salt of methanetetra-acetic acid is very insoluble and 
similar in many ways to the barium salt of the lower homologue, 
carboxymethanetriacetic acid, recently described (Ingold and 
Powell, T., 1921, 119, 1872). It may be obtained from extremely 
dilute solution in long, felted needles (Found: Ba = 52°6. 
C,H,O,Ba, requires Ba = 52°9 per cent.). 
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The silver salt is also unusually insoluble. It is obtained as a 
curdy precipitate, and is stable towards light (Found: Ag = 63°3. 
CH s0sASa requires Ag = 63°9 per cent.). 

The dianhydride, OC Go.cH?> CX cHc0 0 — This substance 
is best prepared by heating the acid with acetyl chloride in a sealed 
tube at 140° for six hours. The anhydride, which, on cooling, 
crystallises in hexagonal plates, may be purified by crystallisation 
from acetone containing a trace of chloroform. It melts at 284°, 
and therefore resembles the dianhydride of carboxymethanetri- 
acetic acid (Ingold and Powell, loc. cit.) in the unusual property of 
melting at a higher temperature than the corresponding acid 
(Found: C = 506; H=3°6. C,H,O, requires C = 50°9; H = 38 
per cent.). 


(C.) Synthesis of isoPentane-«838'-tetracarboxylic Acid from 
8-Hydroxyglutaric Acid. 

The 8-hydroxyglutaric acid (obtained from acetonedicarboxylic 
acid by reduction) was esterified, and then condensed with ethyl 
sodiocyanoacetate in the manner previously described (Ingold, 
loc. cit.), the product being ethyl w-cyanomethanetriacetate (XVIII): 
The sodio-derivative of this was then allowed to react with ethyl 
jodoacetate to give the following compound. 

Ethyl @-cyanoisopentane-«$88'-tetracarboxylate (XIX).—Ethyl o- 
cyanomethanetriacetate (10 grams) was added to a solution of sodium 
ethoxide prepared by dissolving 0°8 gram of sodium in 12 grams 
of absolute ethyl alcohol. This solution was mixed with 7:1 grams 
of ethyl iodoacetate and heated on the steam-bath for three hours, 
after which the product was cooled, poured into water, and extracted 
with ether. On distilling the residue from the extract, 9 grams of 
a colourless, somewhat viscous oil, b. p. 222—224°/10 mm., were 
obtained (Found: C=561; H=68. C,gH,,O,N requires 
C= 56:1; H = 7°0 per cent.). 

isoPentane-«868'-tetracarboxylic Acid. (XVII).—The cyano-ester 
was left in contact with an equal bulk of concentrated sulphuric 
acid for twenty-four hours, after which two volumes of water were 
added and the whole was boiled for seven hours. The products 
extracted by ether were syrupy, and therefore were heated for a 
further five hours with 20 per cent. hydrochloric acid to complete 
the hydrolysis, care being taken to allow alcohol vapour free escape. 
The residue obtained on evaporation soon solidified, and was then 
purified by crystallisation from a mixture of acetone and chloroform. 
The acid separated in needles, which melted at 182° (Found: 
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C=431; H=48. (©,H,,0, requires C= 435; H=48 per 
cent.). The acid is exceedingly soluble in water or acetone, but is 
sparingly soluble in chloroform or benzene. 


We desire to thank the Chemical Society for a grant which has 
defrayed much of the cost of this work. 
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CXCVI.—The Alkylhydrazones. 
By Oscar Lise Brapy and GeraLp Patrick McHveu. 


A CONSIDERABLE number of hydrazones have been found to exist 
in two forms. Lists of such compounds are given by Werner 
(“ Lehrbuch der Stereochemie,”’ 1904, 267), by Lockemann and 
Liesche (Annalen, 1905, 342, 14), and by Vecchiotti (Atti R. Accad. 
Lincei, 1913, [v], 22, ii, 75). In addition, Forster and Zimmerlie 
(T. 1910, 97, 2156 ; 1911, 99, 478) have obtained isomeric hydr. 
azones, semicarbazones, and phenylhydrazones of camphorquinone. 
In a number of cases the existence of the two forms is accounted 
for on the Hantzsch-Werner stereochemical theory, while in others 
it has been suggested that it is due to physical isomerism. The 
work of Lockemann and Lucius (Ber., 1913, 46, 150, 1013) has, 
however, shown that in two cases the supposed stereoisomerism 
does not exist, namely, the phenylhydrazones of benzaldehyde and 
salicylaldehyde. 

The isolation of a second form has, so far, been due more or 
less to chance and no general method has appeared as in the case 
of the aromatic aldoximes. It seemed of interest to ascertain if 
the simpler hydrazones could be converted into isomerides through 
their hydrochlorides as in the case of the oximes. The hydrazones 
themselves are immediately converted by acids into the azines, 
so attention was directed to the alkylhydrazones. These com- 
pounds were chosen as more likely to form stable hydrochlorides 
than those derived from the arylhydrazines, an expectation 
which results have justified. The only compound of this type 
which has been described is benzaldehydemethylhydrazone, 
C,H,-CH:N-NH-CH, (Harries and Haga, Ber., 1898, 31, 62), 
obtained by the action of excess of methylhydrazine on benzalde- 
hyde. As some difficulty arises in connexion with these com- 
pounds owing to the tendency of two molecules of methylhydrazine 
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to react with three molecules of the aldehyde to give compounds 
of the type CHR(NMe-N:CHR),, the dimethyl- and diethyl- 
hydrazones have also been investigated. In the latter case only 
uncrystallisable oils were obtained even from aldehydes of high 
melting point. These oils, however, gave solid hydrochlorides 
and platinichlorides, but the decomposition of the hydrochlorides 
with sodium carbonate solution regenerated the hydrazone as an 
oil. If these compounds were mixtures of stereoisomerides, as 
might be expected from the difficulty in obtaining them solid, the 
conversion into hydrochloride and subsequent decomposition does 
not apparently convert them into one form. The dimethylhydr- 
azone and methylhydrazone of p-nitrobenzaldehyde were obtained 
crystalline, but conversion into the hydrochloride and decomposi- 
tion with sodium carbonate regenerated the original compounds. 

Infortunately this work has had to be abandoned for the time 
being owing to the toxic nature of the alkylhydrazines, but, as 
far as the limited number of compounds investigated show, there 
is no indication that the hydrochloride method will give rise to 
stereoisomerides. Experience in the case of the oximes, however, 
necessitates caution in rejecting the method without the study of 
a larger number of compounds, as many aromatic aldoximes cannot 
be converted into their isomerides through the hydrochloride 
(compare Brady and Dunn, T., 1916, 109, 667). 

The apparent failure of this method in the case of the hydrazones 
is not altogether surprising as, if the mechanism of the conversion 
of the anti- to the syn-oxime through the hydrochloride is along 
the lines indicated by Dunn and one of us (ibid., p. 663), stereo- 
isomeric change would not be expected in the case of the hydrazones 
under the same conditions. 

Attempts to prepare isomerides by the action of acetic anhydride 
(compare Thiele and Pickard, Ber., 1898, 31, 1249 ; Lockemann 
and Lucius, loc. cit.) were unsuccessful, the dimethylhydrazones 
being unchanged and the methylhydrazones giving an acetyl 
derivative. 

Although the suggestion that the hydrazones undergo isomeric 
change to azo-compounds first made by Chattaway (T., 1906, 89, 
462) and supported by Baly and Tuck (ibid., p. 982) seems to have 
been disposed of by the work of Stobbe and Nowak (Ber., 1913, 
46, 2887), Busch and Dietz (Ber., 1914, 47, 3277), and Busch and 
Kunder (Ber., 1916, 49, 2345), it seemed of interest, while these 
compounds were available, to place on record their absorption 
spectra (Fig. 1). These closely resemble the absorption spectra 
of the corresponding phenyl- and phenylmethyl-hydrazones given 
by Baly and Tuck (loc. cit.) and here reproduced for comparison. 
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EXPERIMENTAL. 


Benzaldehydediethylhydrazone—One gram of diethylhydrazine jp 
alcoholic solution was added to 1-2 grams of benzaldehyde, and the 
mixture left over-night. On dilution, a yellow oil separated 
this was extracted with ether, the solution washed with sodium 
bisulphite solution to remove unchanged aldehyde, dried, and the 
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ether removed, when the diethylhydrazone was obtained as a 
yellow, uncrystallisable oil. On treatment in dry ethereal solution 
with hydrogen chloride, an uncrystallisable hydrochloride was 
precipitated which, on decomposition with sodium carbonate solu- 
tion, regenerated an oil. The addition of platinic chloride to a 
solution of the hydrazone in dilute hydrochloric acid precipi- 
tated a crystalline platinichloride which, after crystallisation from 
alcohol, was analysed (Found : Pt = 25-4. C,,H,,N,C1,Pt requires 
Pt = 25-6 per cent.). 


ine in 
1d the 
ated ; 
dium 
d the 


BRADY AND MCHUGH : THE ALKYLHYDRAZONES. 1651 


p-Nitrobenzaldehydediethylhydrazone—Two grams of diethyl- 
hydrazine in alcohol were added to 3 grams of p-nitrobenzaldehyde 
in the same solvent. On treating as above, the hydrazone was 
obtained as a red oil. This was dissolved in ether and the solution 
saturated with hydrogen chloride, when a hydrochloride was 
precipitated as a yellow, crystalline powder (Found: Cl = 13-4. 
(},H,g02N3Cl requires Cl = 13-8 per cent.). 

Decomposition of this hydrochloride with sodium carbonate 
solution regenerated a red oil. A solution of the hydrazone 
in dilute hydrochloric acid gave with platinic chloride a_buff- 
coloured precipitate, which separated from alcohol as a_buff- 
coloured, crystalline powder (Found: C=310; H=36; 
Pt = 22:7. Cy.H,.0,N,C],Pt requires C=310; H =3°8; 
Pt = 22-9 per cent.). 

m-Nitrocinnamaldehydediethylhydrazone—This compound, pre- 
pared in an analogous manner to the above, was obtained as a 
red oil. Its platinichloride separated from alcohol as a yellow, 
crystalline substance (Found: C = 34:0; H=43; Pt = 21-6. 
CygHggO,NgCl,Pt requires C = 345; H=40; Pt = 21-6 per 
cent.). 

p-Nitrobenzaldehydedimethylhydrazone.—Two grams of dimethy]l- 
hydrazine and 4 grams of p-nitrobenzaldehyde were mixed in 
alcoholic solution. After leaving over-night, the solution was 
diluted somewhat with water, when the hydrazone was precipitated 
as a yellow solid, which crystallised from alcohol in orange-yellow 
plates melting at 111° (Found: N = 22-0. C,H,,0,N, requires 
N = 21-8 per cent.). 

The p-nitrobenzaldehydedimethylhydrazone was dissolved in dry 
ether and the solution saturated with hydrogen chloride, when a 
yellow, crystalline hydrochloride was precipitated (Found : Cl = 15-2. 
(jH,,0.N,Cl requires Cl = 15-5 per cent.). 

This, on decomposition with sodium carbonate solution, re- 
generated the original hydrazone. The hydrazone was added to 
four times its weight of acetic anhydride, and a trace of concen- 
trated sulphuric acid introduced. The hydrazone dissolved, but 
on decomposition of the anhydride with iced water the original 
dimethylhydrazone was regenerated. 

p-Nitrobenzylidencbis-p-nitrobenzaldehydemethylhydrazone, 

NO,°C,H,°CH(NMe:N:CH'C,H,"NO,),. 
—Five grams of methylhydrazine sulphate were dissolved in the 
minimum amount of water, and an equimolecular amount of 
sodium hydroxide in a small quantity of water was added. 
Alcohol was then slowly added to the solution with vigorous 
stirring, when the bulk of the sodium sulphate crystallised out. 
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The alcoholic solution of methylhydrazine thus obtained was addej 
to an alcoholic solution of 5 grams of p-nitrobenzaldehyde, ani 
the mixture left over-night. On diluting, a yellow precipita, 
was obtained, which crystallised from alcohol in radiating cluster 
of orange-yellow needles melting at 189° (Found: N = 23 
C.3H,,0,N, requires N = 20-0 per cent.). 

p-Nitrobenzaldehydemethylhydrazone—Twelve grams of methyl. 
hydrazine sulphate were treated as above, and the solution of 
methylhydrazine added to 4 grams of p-nitrobenzaldehyde i 
alcohol. On leaving over-night and diluting, the hydrazone was 
precipitated; it separated from alcohol as an orange-yellow, crys 
talline powder melting at 93° (Found: N = 23-6. C,H,0,\, 
requires N = 23-5 per cent.). 

The hydrazone, on treatment in ethereal solution with hydrogen 
chloride, gave a precipitate of a hydrochloride which, on decompos- 
tion with sodium carbonate solution, regenerated the original methyl 
hydrazone. It is rather remarkable that this compound is not 
converted into the p-nitrobenzylidenebis-p-nitrobenzaldehyde- 
methylhydrazone by acids in an analogous manner to the con. 
version of the hydrazones into the azines. 

Acetyl-p-nitrobenzaldehydemethylhydrazone.—The above methyl- 
hydrazone was added to four times its weight of acetic anhydride, 
cooled in ice, followed by one drop of concentrated sulphuric acid. 
The hydrazone dissolved, and on decomposing the excess of acetic 
anhydride with ice-water the acetyl derivative separated; it was 
crystallised from acetic acid and obtained in colourless prisms 
melting at 186° (Found: N = 19-2. C,9H,,0,N, requires N = 19-0 
per cent.). 


THe Raten Forster LABORATORY OF ORGANIC CHEMISTRY, 
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CXCVII.—T he Nitro- and Amino-Derivatives of o- and 
p-Methoxybenzoic Acids and of a- and B-Methoxy- 
naphthoic Acids. 


By Victor FROELICHER and JuLIus BEREND CoHEN. 


In a former paper (T., 1921, 119, 1425), a series of nitro- and amino- 
derivatives of m-methoxybenzoic acid was prepared. An attempt 
has been made to apply similar methods to the preparation of the 
nitro- and amino-derivatives of o- and p-methoxybenzoic acids and 
of «- and 8-methoxynaphthoic acids. 
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Most of the isomeric nitro-compounds of the former two acids 
have already been described. They have generally been obtained 
by direct nitration of the hydroxy- and conversion into the methoxy- 
derivative. It was therefore of some interest to determine the 
orientation of the nitro-groups in the methoxy-acids. We found 
that it followed Holleman’s rule, mentioned in our last paper. 
For example, the influence of the carboxyl group in determining 
the meta-orientation of the nitro-group was shown in the nitration 
of o-methoxybenzoic acid. The nitro-group entered mainly the 
meta-position to the carboxyl group, as the following figures show : 


CO,H CO,H CO,H 
( ‘OMe ( ‘OMe ( OMe 
NO, NO 
ee Cae bl nie al 
NO, 
25 per cent. 27 per cent. 48 per cent. 


This is also in accordance with the investigatons of Simonsen and 
Rau (T., 1917, 111, 224), who showed that the orienting influence 
of a positive group (methoxyl) becomes very feeble when this group 
is accompanied by a negative (carboxyl) group in the ortho- or 
para-position. 

The above-mentioned nitro-compounds as well as two of the 
corresponding amino-compounds have already been prepared by 
Simonsen and Rau (loc. cit.). They oxidised 3-, 4-, and 5-nitro-o- 
tolyl methyl ethers with permanganate and obtained the corre- 
sponding nitro-acids. These nitro-compounds were reduced to 
amino-compounds with ferrous hydroxide, a method which was not 
found satisfactory, the reduction with stannous chloride yielding 
better results. The 3-nitro-acid was also obtained by Stormer 
(Ber.,1911,45, 655) by oxidation of the aldehyde, and by Fishman 
(J. Amer. Chem. Soc., 1920, 42, 2296) by oxidation of 3-nitro- 
2methoxybenzyl alcohol. The 5-nitro-acid was obtained by 
Simonsen and Rau by diazotising 5-nitro-3-amino-2-methoxy- 
benzoic acid and decomposing the diazo-compound and also by 
direct nitration (loc. cit.). Hale and Robertson (Amer. Chem. J., 
1908, 39, 680), Kraut (Annalen, 1869, 150, 6), and Salkowski (7bid., 
1894, 173, 41), prepared the 4-nitro-compound (m.p. 148—150°), 
which they mistook for the 5-nitro-compound. The method of 
formation of the 5-nitro-acid (m. p. 161°) according to Simonsen 
and Rau offers a sufficient proof of its constitution. The main 
product obtained by us by nitrating the o-methoxy-acid had the 
m. p. 161° and was identical with the above, and when reduced 
yielded the same 5-amino-compound described by Simonsen and 
Rau. According to Holleman’s theory, which is in agreement with 
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our own experience, the entrant nitro-group must yield the 5-nity 
derivative. 

When p-methoxybenzoic acid was nitrated, only one of the ty 
possible nitro-compounds was obtained, the nitro-group entering 
the meta-position to the carboxyl group. It was found to 
identical with the compound of m. p. 189° mentioned by Simonse 
and Rau in their paper, but not further investigated by them. Th 
preparation of the methoxybenzoic acids was carried out according 
to Cohen and Dudley (T., 1910, 97, 1739), and a satisfactory yield 
was obtained, but the preparation of «- and 8-methoxynaphthoic 
acids by the same method was found to give a very poor yield and 
was accordingly modified. The carboxyl group in these two com. 
pounds is very easily removed (Nietzki and Guitermann, Ber., 1887, 
20, 1274). 

A small amount of «-methyl 1-methoxy-2-naphthoate could be 
obtained by dissolving «-naphthol-2-carboxylic acid in hot methy 
sulphate and introducing the theoretical amount of a concen- 
trated aqueous solution of sodium hydroxide as quickly as possible; 
but the reaction is too vigorous to be employed on a large scale, 
When sodium hydroxide was slowly introduced, a continuous evolu- 
tion of carbon dioxide occurred and the solution then contained 
«-naphthol and its methyl ether. The yield of methyl 1-methoxy- 
2-naphthoate could be greatly improved by first preparing the 
methyl «-naphthol-2-carboxylate by the action of methyl sulphate 
on «-naphthol-2-carboxylic acid in sodium carbonate solution. 
The yield of ester was 48 per cent., the unchanged acid being easily 
recovered. The ester was then methylated by dissolving it in 
methyl sulphate and introducing a large excess of sodium hydroxide 
solution. §-Naphthol-l-carboxylic acid was much more easily 
esterified; for when boiled with methyl alcohol and sulphuric 
acid, an almost theoretical yield of ester was obtained. This was 
converted into the methoxy-ester by the method mentioned above 
and gave a satisfactory yield. 

The «- and $-methoxy-naphthoic acids prepared by Cohen and 
Dudley (loc. cit.) were not quite pure. The melting points (120— 
123°; 126—130° respectively), first observed were the same, but, 
on conversion into the potassium salts and crystallisation, the 
acids were obtained in a purer state and showed somewhat higher 
melting points. 

1-Methoxy-2-naphthoic acid gave, when nitrated, only one nitro- 
derivative, namely, 4-nitro-1-methoxy-2-naphthoic acid. Its con- 
stitution was determined as follows: When it was boiled for some 
minutes with strong hydriodic acid, a compound of m. p. 214° was 
obtained which was identical with 4-nitro-1-hydroxy-2-naphthoic 
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acid prepared by K6nig (Ber., 1890, 23, 807) and by Day (T., 1915, 
407, 1625), who determined its constitution by converting it into 
{nitro-e-naphthol. When nitromethoxynaphthoic acid was boiled 
for some time with hydriodic acid, the methyl group was removed 
and the nitro-group reduced, forming 4-amino-1-hydroxy-2-naph- 
thoic acid. The same compound was also prepared by reduction 
of the above nitro-hydroxy-acid with stannous chloride. The 
4amino-hydroxy-2-naphthoic acid was prepared by Nietzki and 
Guitermann (Ber., 1887, 20, 1274), by the action of benzenedi- 
azonium chloride on 1-hydroxy-2-naphthoic acid and reduction of 
the resulting azo-compound, and by Weil and Heerdt (Ber., 1922, 
55, [B], 224), by the action of diazotised sulphanilic acid on 1-hy- 
droxy-2-naphthoic acid and reduction of the azo-compound thus 
formed. 4-Amino-l-methoxy-2-naphthoic acid obtained by reduc- 
tion of the nitro-compound with stannous chloride does not form a 
tin salt (see also Weil and Heerdt, loc. cit.), but the hydrochloride, 
which is less soluble in water than the free amino-compound, 
separates from the solution. 

The nitration of 2-methoxy-3-naphthoic acid yielded a mixture 
of nitro-derivatives which could not be separated by any of the 
usual methods. Owing to the high temperature required and the 
consequent decomposition of the product, the reduction could not 
be effected in the ordinary way. An attempt to reduce the nitro- 
compounds with stannous chloride dissolved in glacial acetic acid 
and saturated with hydrogen chloride gave the desired result. 
The reduction takes place in the cold. A tin salt was formed which, 
when treated with hydrogen sulphide, gave the hydrochloride of 
§-amino-2-methoxy-3-naphthoic acid. Its constitution was de- 
termined as follows : when boiled with hydriodic acid, a compound 
of m. p. 230—232° was obtained, which on heating for some time 
with dilute sulphuric acid, yielded the 2 : 6-dihydroxy-3-naphthoic 
acid prepared by Schmid (Ber., 1893, 26, 1118) by the action of 
caustic potash on 6-sulpho-2-hydroxy-3-naphthoic acid (D.R.-P. 
69357, Friedlander, III, 506) : 
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The amino-group in 6-amino-2-methoxy-3-naphthoic acid is not 
removed when treated in the same way with sulphuric acid, but 
the acetyl derivative is easily decomposed ; and the resulting 
compound showed no sign of any amino-group being present. 
Although the replacement of the amino-group by hydroxy] has not 
been definitely ascertained, the new product has a different melting- 
point from that” of the original methoxy-acid. 
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EXPERIMENTAL. 


Nitration of the Methoxybenzoic Acids.—Fifty grams of o-methoyy. 
benzoic acid were dissolved in 500 c.c. of acetic anhydride and cooled 
in a freezing mixture. A mixture of 25 grams of fuming nitric acid 
and three times its volume of sulphuric acid was very slowly intro. 
duced and well stirred, and the temperature kept at — 5° to — &° 
The mixture was kept over-night, then poured on to ice, and filtered, 
The solid was recrystallised from glacial acetic acid and yielded 
two different nitro-compounds, the 3-nitro-acid of m. p. 194—19¢° 
being less soluble than the 4-nitro-compound of m. p. 147—149. 
The mother-liquor, on evaporation, deposited the 5-nitro-compound, 
which is more soluble in glacial acetic acid than the other isomerides, 

p-Methoxybenzoic acid, owing to its insolubility, was nitrated 
in suspension in acetic anhydride. Only one nitro-compound was 
obtained ; 10 grams of methoxy-acid gave 7-8 grams of 3-nitro- 
4-methoxybenzoic acid of m. p. 189—190°. It crystallises from 
glacial acetic acid in pale yellow needles which are insoluble in 
alcohol (Found: N = 699. C,H,O;N requires N= 7°10 per cent.), 

4-Amino-2-methoxybenzoic Acid. — This acid was obtained by 
reduction of the corresponding nitro-compound with stannous 
chloride. It is soluble in hot water, from which it may be re- 
crystallised. On heating, it slowly changed colour at about 205° 
and melts completely at 217—-218° (Found: N = 8:24. C,H,0,N 
requires N= 8°38 per cent.). 

3-Carbamido-4-methoxybenzoic Acid.—3-Amino-4-methoxy benzoic 
acid was dissolved in hydrochloric acid and potassium cyanate 
added until alkaline. After boiling for some minutes, the product 
was filtered and washed with water. It is soluble in alcohol, 
benzene, light petroleum, or ether, but slightly soluble in hot water, 
from which it crystallises in colourless rosettes which melt at 313° 
with decomposition (Found : N=13°58. C,H,.0,N, requires N= 
13°34 per cent.). 

3-Carbethoxy-amino-4-methoxybenzoic Acid.—3-Amino-4-methoxy- 
benzoic acid was dissolved in sodium carbonate solution and chloro- 
formic ester added. After heating for some minutes on the water- 
bath, the solution was allowed to cool, acidified with hydrochloric 
acid, and filtered. The product is slightly soluble in water and 
soluble in alcohol. It was crystallised from dilute alcohol and 
formed colourless needles, m. p. 227—-228° (Found: N=5'98. 
C,,H,,0;N requires N=5-85 per cent.). 

1-Methoxy-2-naphthoic Acid.—Thirty grams of 1-naphthol-2- 
carboxylic acid were dissolved in 200 c.c. of 10 per cent. sodium 
carbonate solution and 12 grams of methyl sulphate slowly intro- 
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duced. The mixture was heated on the water-bath and shaken 
from time to time. After half an hour, the brown precipitate 
was filtered, washed with cold water, and dried. The yield was 
75 grams and the m. p. 75—80°. When the same experiment 
was repeated with more methyl sulphate, the yield was raised to 
48 per cent. This reaction did not take place when caustic soda 
was used instead of sodium carbonate, as the ester is readily 
hydrolysed by very dilute sodium hydroxide solution. 

Ten grams of the ester were dissolved in 18-6 grams of methyl 
sulphate and heated at about 120° until all was dissolved. Through 
the top of the reflux condenser 6 grams of sodium hydroxide, 
dissolved in an equal amount of water, were introduced. A vigorous 
reaction occurred, which soon ceased. After boiling for two hours, 
the product was allowed to cool and poured into water which was 
rendered slightly alkaline. The oil (methyl-ester) which separated 
was extracted with ether, the ethereal solution dehydrated, and the 
ether removed. The oil was then hydrolysed with alcoholic potash. 
The methoxy-acid was obtained in brown crystals which melted 
at 121—124° (8:4 grams). It could be purified by converting it 
into the potassium salt, which was twice recrystallised from dilute 
alcohol. The pure methoxy-acid melts at 126—-128° and crystallises 
from alcohol in colourless needles (Found : C=70-95 ; H=5-12. 
Cale., C=71-28 ; H=4-95 per cent.). 

2-Methoxy-1-naphthoic Acid.—The ester was prepared very good 
in yield according to Cohen and Dudley (loc. cit.). It was converted 
into methoxynaphthoic acid in the same manner as described 
above. 

Twenty grams of $-naphthol-l-carboxylic acid gave 14-4 grams 
of methoxynaphthoic acid, or 72 per cent. It crystallises from 
alcohol in colourless prisms, m. p. 126—130°, but after recrystallisa- 
tion of the potassium salt from dilute alcohol the pure methoxy- 
acid melts at 133—134° (Found: C = 70-95; H =5-18. Cale.,C = 
71:28 ; H = 4-95 per cent.). 

4-Nitro-1-methoxy-2-naphthoic Acid.—Methoxynaphthoic acid was 
nitrated in the manner already described. Ten grams of the acid 
yielded 8-7 grams of crude nitro-acid, or, after recrystallisation 
from glacial acetic acid, 6-0 grams of acid, m. p. 195—196° (Found : 
N=5'52 ; C,,H,O;N requires N=5-66 per cent.). It is insoluble 
in water or benzene, but soluble in alcohol or hot acetic acid, from 
which it crystallises in pale yellow, silky leaflets. 

4-Nitro-l-hydroxy-2-naphthoic acid was prepared by boiling 
1 gram of the nitromethoxy-acid for two minutes with strong 
hydriodic acid. On standing over-night, a crystalline compound 
(yellow needles) separated which had m. p. 214°. 
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4-Amino-1-methoxy-2-naphthoic Acid.—Eight grams of the nitro. 
compound were reduced with stannous chloride, from which the 
hydrochloride was precipitated free from tin. On dissolving jy 
sodium carbonate solution and precipitating with acetic acid, tie 
free amino-compound was obtained. It melts with decomposition 
at 190—191° (4 grams). It is not soluble in cold alcohol, water. 
glacial acetic acid, or benzene, but is slightly soluble in hot water, 
from which it crystallises in pale brown needles (Found : N =6-35, 
C,,H,,0,N requires N =6-45 per cent.). 
4-Carbamido-1-methoxy-2-naphthoic Acid.—The dry hydrochloride 
of 4-amino-1-methoxy-2-naphthoic acid was heated with a solution 
of potassium cyanate in water for some minutes on the water. 
bath. The precipitate was filtered when cold and washed with 
water. It is slightly soluble in hot water or benzene, soluble in 
alcohol or glacial acetic acid, and fairly soluble in ether. It darkens 
at 170° and melts at 176—177° with decomposition (Found : N= 
10°58. C,3H,.0,N, requires N = 10-77 per cent.). 
4-Carbethoxyamino-1-methoxy-2-naphthoic Acid. — The hydro- 
chloride of 4-amino-1-methoxy-2-naphthoic acid was dissolved in 
a 10 per cent. aqueous solution of potassium carbonate and shaken 
with chloroformic ester. After being warmed on the water-bath 
for a few minutes the precipitate was filtered. It is insoluble in 
water, fairly soluble in ether, and soluble in hot glacial acetic 
acid, from which it may be crystallised. It melts at 210° with 
decomposition (Found: N =5:30. C,;H,;0;N requires N=5-51 
per cent.). 
6-Amino-2-methoxy-3-naphthoic Acid.—The mixture of nitro-2- 
methoxy-3-naphthoic acids (27 grams) was treated in the cold with 
a 25 per cent. solution of stannous chloride in glacial acetic acid 
which was saturated with hydrogen chloride. The reaction began 
immediately, and was completed by warming on the water-bath 
for a quarter of an hour ; the tin salt separated on cooling. The 
rest of the tin salt, dissolved in the mother-liquor, was obtained 
by concentrating and saturating with hydrogen chloride. The 
precipitate was dissolved in hot water, and hydrogen sulphide 
passed in until all the tin was precipitated. The filtrate was con- 
centrated by boiling it in a flask fitted with a Bunsen valve to 
prevent oxidation. The hydrochloride separated in long, brown 
needles (13 grams). It was converted, by treating it with a con- 
centrated solution of sodium acetate, into the free amino-compound, 
which crystallises from pyridine in glistening leaflets, m. p. 310°, 
is soluble in water, alcohol, glacial acetic acid, or hot pyridine, 
but insoluble in ether or benzene (Found: N = 6-38. (C, ,H,,0,N 
requires N=6-45 per cent.). 
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The amino-compound is easily diazotised and then gives red 
qzo-colours with «- and @-naphthols and resorcinol. The sulphate 
erystallises from alcohol in long, yellow needles which melt at 196°. 
It is less soluble in water than the free amino-compound. 

The acetyl derivative was obtained by boiling the amino-compound 
with acetic anhydride and sodium acetate for two hours. When 
the resulting solution was concentrated, the acetyl derivative 
separated. It is soluble in alcohol or glacial acetic acid, slightly 
soluble in ether or benzene, but insoluble in water. It crystallises 
from dilute alcohol in slightly brown, short prisms which melt 
sharply at 193°. When heated on the water-bath for one hour 
with a 4 per cent. solution of sulphuric acid, a colourless precipitate 
was obtained on cooling, which, after being recrystallised from 
dilute alcohol, melted at 240—241°. It is soluble in hot alcohol, 
but insoluble in water. It cannot be diazotised and does not form 
any salts with mineral acids. It is probably 6-hydroxy-2-methoxy- 
3-naphthoic acid. 

6-Amino-2-hydroxy-3-naphthoic Acid. — 6-Amino-2-methoxy-3- 
naphthoic acid was heated on the water-bath for half an hour with 
a 20 per cent. solution of hydriodic acid. On cooling, yellow needles 
separated which were filtered and converted into the free amino- 
compound by the addition of sodium acetate. The hydroxy-acid 
is soluble in alcohol, ether, or ethyl acetate, but slightly soluble in 
hot water, benzene, or chloroform, and insoluble in light petroleum. 
Recrystallised from dilute alcohol, it forms long, pale yellow needles 
or rosettes which partly decompose above 210°, finally melting at 
230—232°. It gives a red colour with very dilute ferric chloride 
and a green colour with sulphuric acid. It is easily diazotised, and 
then gives a red azo-colour with «- and $-naphthols and resorcinol 
(Found : N=7-07. C,,H,O,N requires N=6-89 per cent.). 

When boiled for seven hours with a 4 per cent. solution of sulphuric 
acid and then evaporated to a small volume, a yellow precipitate 
was obtained which, after being recrystallised from dilute alcohol, 
melted at 227—228° and showed all the properties of 2 : 6-hydroxy- 
3-naphthoic acid. 

6-Carbamido-2-methoxy-3-naphthoic Acid.—The hydrochloride of 
6-amino-2-methoxy-3-naphthoic acid was heated with a concen- 
trated solution of potassium cyanate on the water-bath for some 
minutes. When cold, the liquid was acidified with hydrochloric 
acid, and the precipitate filtered and washed with water. It is 
soluble in alcohol, slightly soluble in hot water, but insoluble in 
ether, benzene, chloroform, or light petroleum. When recrystallised 
from dilute alcohol, it melts at 215—216° (Found: N = 10-59. 


C13H,,0,N, requires N=10-76 per cent.). 
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6-Carbamido-2-hydroxy-3-naphthoic Acid.—This compound was 
prepared in the same manner as described above and recrystallised 
from water. It is soluble in alcohol, pyridine, or hot water, but 
insoluble in ether or benzene. It began to darken at 200° and 
melted at 340—341° (Found: 11:35. C,.H,,0O,N, requires N= 
11-38 per cent.). 

Attempts to prepare the carbethoxyamino-derivative by the 
action of chloroformic ester on the amino-group gave a sticky mass 
which could not be crystallised. 
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CXCVITI.—Studies of the Glucosides. Part I. The 
Constitution of Indican. 


By ALEXANDER KILLEN MacsBetH and JOHN PRYDE. 


THE study of the constitution of a glucoside must, to be exhaustive, 
take into account three main points. In the first place, the con- 
stituent sugar and the group with which it is combined must be 
identified, and the actual union of these components must be 
determined : this may be deduced from an examination of the 
products obtained by hydrolysis, either by dilute acid or the action 
of an enzyme, but when the non-sugar residue contains several 
hydroxyl groups the structure arrived at by such considerations 
is open to some doubt. In the second place, the particular con- 
figuration of the glucoside must be determined, for the compound 
may exist in the a- and 9-stereoisomeric forms : this question may 
generally be settled by the study of enzyme action, for, since emulsin 
is the specific enzyme for S-alkyl glucosides it may reasonably 
be concluded that all glucosides hydrolysed by it are derived from 
8-glucose. The question now remaining to be dealt with is con- 
nected with the nature of the sugar residue. Modern concep- 
tions of the structure of the sugars (Fischer, Ber., 1914, 47, 1980; 
Irvine, Fyfe, and Hogg, 'T., 1915, 107, 524; Irvine and Robertson, 
T., 1916, 109, 1305) show that the simple sugars and their deriv- 
atives may exist in modifications other than the ordinary butylene- 
oxide type : the internal linking of the sugar molecule in the natural 
glucosides therefore becomes a matter of prime importance. Trust- 
worthy information on this point cannot be obtained from a study 
of the sugar resulting from the hydrolysis of the simple glucoside, 
for rearrangement of the free hydroxyl groups of the carbohydrate 
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S. 
d was § may occur during this process. Inulin, for example, on hydrolysis 
allised f yields fructose of the butylene-oxide type, whereas trimethyl inulin, 
r, but | in which the possibility of any internal rearrangement is excluded, 
° and fis hydrolysed to a methylated y-fructose (Irvine and Steele, T., 
; N= § 1920, 117, 1474; see also this vol., p. 1060). Sucrose, moreover, 
on direct hydrolysis yields glucose and fructose, both of which 
y the § possess the butylene-oxide linking: but octamethyl sucrose is 
mass §f hydrolysed to a tetramethyl glucose of the butylene oxide series 
and a methylated y-fructose (Haworth and Law, T., 1916, 109, 
1314). It seems clear, therefore, that trustworthy information 
regarding the internal structure of the sugar constituent of the 
a2.) natural glucosides may most readily be obtained by a study of the 
products of hydrolysis of the alkyl derivatives of these compounds ; 
the actual hydroxyl group involved in glucoside formation may also 
T be determined by such methods, when the non-sugar residue is a 
he substance containing several such groups. It is proposed to under- 
take such work in this series of papers, and it is hoped to supplement 
the results thus obtained by direct synthesis of the glucosides 
themselves. 
tive, The alkylation of the glucosides has already received some 
con- J attention. Irvine and Rose (T., 1906, 89, 814) prepared a penta- 
t be J methyl salicin from the natural glucoside and showed that the 
t be sugar in the parent glucoside possessed a butylene-oxide linking. 
the §f They supported these observations by a synthesis of a pentamethyl 
tion § salicin which proved to be identical with that derived from the 
eral ff natural glucoside by methylation. Moore and Tutin (T., 1910, 97, 
ions ff 1285) applied the methylation process to gynocardinic acid derived 
con- Bifrom the natural glucoside gynocardine. A pentamethylgyno- 
und § cardinate was obtained, but no attempt seems to have been made 
nay § to isolate the methylated sugar. 
Isin Although indican has been isolated as the glucoside from Jsatis 
bly fi tinctoria, Polygonum tinctorium, and other plants by Schunck 
‘om =f (Phil. Mag., 1855, [iv], 10, 74; 1858, [iv], 15, 127), the correct 
on- ff formula was not established until many years afterwards (March- 
ep- ff lewski and Radcliffe, J. Soc. Chem. Ind., 1898, 17, 434). The 
80; ff latter workers showed that the glucoside had the composition 
on, § (,,H,,O,N, and gave on hydrolysis glucose and indoxyl, the latter 
‘iv- § being converted into indigotin on oxidation. Subsequent workers 
ne- § confirmed the observation that indican was an indoxyl glucoside, 
ral ff and indicated that the constituent sugar was d-glucose. Ter Meulen 
st- §f (Rec. trav. chim., 1905, 24, 444), established the nature of the com- 
dy § ponent sugar by a method in which he made use of the fact that 
le, Jan enzyme enters into combination only with a sugar the simple 
ite fi glucosides of which it is able to hydrolyse. Examining the rate of 
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hydrolysis of indican by the indigo-enzyme in the presence of 
different sugars, he found that d-glucose was the only sugar which 
appreciably retarded the speed of the reaction. It may reasonably 
be deduced from this that d-glucose is the component sugar of this 
glucoside. This deduction was supported by isolating a crystalline 
sugar from the glucoside, and examining its properties. A. §, 
Perkin and his collaborators have also examined the sugar prepared 
from crystalline indican (T., 1905, 91, 1715) and found it to be 
d-glucose. Substantial proof, therefore, has been submitted that 
the sugar isolated from indican is d-glucose, but no evidence regard- 
ing the internal linking of the sugar has been adduced. The work 
described in this paper may be outlined in the following scheme : 


INDICAN 


Tetramethyl indican 
ge 


<_ 


Tetramethyl methylglucoside Indoxyl derivatives 


TETRAMETHYL GLUCOSE 


If the sugar residue in indican possesses the norma] butylene-oxide 
structure, the tetramethyl glucose isolated from it should be the 
well-known 2: 3: 5: 6-compound, which is crystalline and may be 
readily identified. If any alternative linking is present in the con- 
stituent sugar, an isomeric tetramethyl glucose would result, from 
which the structure of the sugar molecule might be deduced. 

As only 5 grams of indican were available,it was decided to methyl- 
ate the compound by the action of methyl iodide and dry silver 
oxide, instead of by alternative methods in which a greater ex- 
perimental loss might be expected. The methylation proceeded 
normally without oxidation occurring, but in the first stages it was 


found necessary to use a little methyl alcohol to bring about solu- | 


tion of the glucoside in methyl iodide. The product, isolated as 


described in the experimental part, was amorphous, and allattempts | 


to obtain a crystalline material resulted in the formation of an oil, 
from which, on evaporation of traces of the solvent, the material was 
obtained in its original state as a friable glass. The tetramethyl 
indican isolated was easily soluble in most organic solvents, and 
had a low dextrorotation in acetone (+ 9°19°). It behaved as a 
normal methylated glucoside, and contained no traces of reducing 
sugars, indoxyl, or indigotin: it was accordingly submitted to 
hydrolysis. 
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Baeyer (Ber., 1881, 14, 1745) showed that indoxyl condenses 

with isatin to form indirubin, 
C,H,ON + C,H,0,N = C,,H,,0,N, + H,0, 
and this reaction has been employed for the characterisation of the 
indoxyl produced by the hydrolysis of indican (Beyerinck, Proc. 
K. Akad. Wetensch., Amsterdam, 1899, 2, 120; Hazewinkel, ibid., 
1900, 2,512). Orchardson, Wood, and Bloxam (J. Soc. Chem. Ind., 
1907, 26, 4) adopted Beyerinck’s suggestion that the reaction might 
be quantitative and developed a method of estimation which has 
been tested with specimens of crystalline indican (Perkin, loc cit.) 
and found to be trustworthy. On submitting tetramethyl indican 
to this reaction, indirubin was produced, but the yield was only 
about 50 per cent. of the theoretical. From this it is seen that 
indoxyl is produced by the hydrolysis of methylated indican, and 
therefore it may be concluded that the non-sugar part of the gluco- 
side is not acted on during the methylation process. The low yield 
of indirubin is doubtless due to the slow rate at which the hydrolysis 
of the methylated indican proceeds; and it was on this account 
that, with the object of isolating the sugar residue, the main portion 
of the tetramethyl indican was not submitted to hydrolysis by 
dilute aqueous acids, but was subjected to the action of methyl 
alcohol containing 1 per cent. of hydrogen chloride. This method, 
which has previously been applied with success (Irvine and Rose, 
loc. cit.), results in the hydrolysis of the glucoside and the simul- 
taneous formation of the corresponding methylglucosides according 
to the scheme 
z Indoxy] derivatives 

Tetramethyl indicang 


“ Tetramethyl glucose——a- and £-tetra- 
methyl methylglucosides 


Schunck and Rémer (Ber., 1879, 12, 2311) showed that the acid 
hydrolysis of indican in the absence of air gave rise to a product 
which did not yield indigotin when treated with oxidising agents. 
Perkin and Bloxam (loc. cit.) have supported this observation and 
made a further study of the hydrolysis of the glucoside by dilute 


| acids. When air was excluded they obtained a substance for which 


they proposed the name indoxyl brown. This product is soluble 
in alcohol and insoluble in ether, being precipitated by the latter as 
an amorphous, brown powder from concentrated alcoholic solutions. 
During the hydrolysis of tetramethyl indican the alcohol darkened 
considerably, and after filtration and evaporation of the alcohol 


aresinous syrup was obtained. The methylated sugar was removed 
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from this by repeated extraction with ether, and an amorphous 
brown powder remained which closely corresponded with the 
indoxyl-brown described by Perkin. 

The isolated sugar derivative was found to be tetramethy| 
methylglucoside, but traces of tetramethyl glucose which had 
escaped glucoside formation were also present. This was converted 
into the corresponding glucoside by methylation, and the product 
was found to consist of a mixture of the a- and §-forms of tetra. 
methyl methylglucosides possessing the ordinary butylene-oxide 
linking. On hydrolysis of these glucosides by aqueous acid, a 
crystalline tetramethyl glucose was isolated, which was readily 
identified as the 2: 3:5: 6- or butylene-oxide compound. From 
the results obtained it is evident that indican is derived from a 
molecule of d-glucose combined with indoxyl, the internal linking 
of the sugar being of the butylene-oxidetype. The following struc. 
ture is therefore established for the glucoside : 


CH,(OH)-CH(OH)-CH-CH(OH)-CH(OH)-CH-0-C,H,N 
l 


cepenensinnineantnaei —O- _— 


and enzyme action and optical properties indicate that the com- 
pound is a derivative of 8-glucose. 

In view of the results described in this paper, it is intended 
to attempt a synthesis of indican through the action of bromo- 
tetra-acetyl glucose on derivatives of indoxy]. 


EXPERIMENTAL. 
The Methylation of Indican. Tetramethyl Indican. 


The starting material was 5 grams of triple recrystallised indican 
prepared in the Indigo Research Laboratories at Pusa, Bihar. 
This was methylated by the action of methyl iodide and dry silver 
oxide, coal gas being passed through the apparatus to minimise 
any tendency to oxidation during methylation. At no stage of the 
process was any development of the blue colour of indigotin ob- 
served. The following operations were carried out and the yield 
of methylated material after these five treatments was 4:83 
grams : 


Extraneous solvent. Reagents. Extractive solvent. 
- 20 c.c. Methyl alcohol. 32 grams Ag,O 21°8 c.c. CH3I. Methyl alcohol. 
. 10 e.c. ~ 32 ~ 17 ” 
- lee. a. 24 Re 25 ' i 
. Nil 24 ke 25 Ether 


. Nil 16 14 cs 


The product from the final methylation gave, on removal of the 
ether, a yellow, non-deliquescent glass, which softened at about 
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100—110°, and was easily reduced to a fine powder. It was readily 
gluble in methyl or ethyl alcohol, acetone, methyl iodide, chloro- 
form, ether, or ethyl acetate, slightly soluble in light petroleum, 
and insoluble in water. It was neutral in reaction and did not 


L the 


eth 

rhe reduce Fehling’s solution. After boiling with dilute hydrochloric 
erteq § acid, the reduction of Fehling’s solution was very marked, and 
duct § the behaviour of the compound was thus typical of a glucoside. 


The observed methoxy-content was lower than that calculated for a 


etra- 
™ T ietramethylindican. (Found: OMe = 32-4. C,H,ON*C,H,0 (OMe), 


y requires OMe = 35-3 ; CgH,ON*C,H,O, (OMe), requires OMe = 
dily 27-6 per cent.) 

rom The low figure for the methoxy-content is not due to incomplete 
ma methylation, for after subjecting the material to two further methyl- 
king ations the result was not appreciably altered. The low result 


is rather to be expected, for the methylated indican is resinified by 
hot hydriodic acid, and the methyl iodide is evolved much more 
slowly than is usual in methoxy-estimations ; and to this resinifica- 
tion the low Zeisel value is doubtless due. 

Attempts were made to crystallise the methylated indican from 
various solvents, but in all cases an oily product was obtained, 


ruc- 


m- § from which, on the removal of the solvent, the methylated indican 
was again isolated as a friable glass. To effect purification the 
led J material was therefore extracted under reflux with light petroleum 


10- § containing a little ethyl acetate. After removal of the main bulk 
of the solvent, the product was freed from the last traces by heating 
to 100° at a pressure of 10 mm. The tetramethyl indican was 
obtained as a yellow glass which gave the analytical figures quoted 
below, and further purification treatment did not materially affect 
the analytical results [Found: C = 60-9 ; H = 7-12 ; OMe = 
32:13. C,,H,,0,N(OMe), requires C = 61°5 ; H = 7:12 ; OMe = 
353 per cent.] 

The tetramethyl indican was further characterised by its rotatory 
power. In acetone, a low dextrorotation was observed. 

ay= + 0-104°, J = 200 cm., ¢c = 0-5657; whence [a]? = + 9-19°. 

On hydrolysis of the tetramethyl indican by aqueous hydrochloric 
acid in the presence of isatin, indirubin was formed, but the quantity 
obtained was less than 50 per cent. of the theoretical amount. 
01068 Gram gave 0-0366 gram of indirubin. Theory requires 
00797 gram of indirubin. The low result is doubtless due to the 
slow rate at which the hydrolysis proceeds, which is not an unex- 
pected result in view of the insolubility of the methylated glucoside 
in aqueous media. A further quantity of indirubin slowly precipi- 
tates from the filtrates as hydrolysis proceeds, which is in accord- 
ance with the view expressed above. 
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Simultaneous Hydrolysis and Condensation of Tetramethyl 
Indican. 


As already stated, it was decided to accomplish the hydrolysis 
of the methylated indican by the action of methyl-alcoholic solutions 
of hydrogen chloride, the component sugar being isolated from the 
reaction as the tetramethyl methylglucoside. Four grams of the 
methylated indican were accordingly dissolved in 60 c.c. of dry 
methyl alcohol containing 1 per cent. of hydrogen chloride, and the 
solution was heated in a sealed tube for twenty-four hours. The 
temperature of the furnace was kept at 80° for the first sixteen 
hours, and was then gradually raised to 100°, the latter temperature 
being maintained for a further seven hours. The solution darkened 
considerably during the reaction, and on cooling and opening the 
tube it was found that a small amount of a lustrous, black precipi- 
tate had been formed. The alcohol was filtered off, and the residue, 
after being washed with methyl alcohol, was found to contain 
nitrogen and is doubtless a complex condensation product of 
indoxyl. The filtrate was neutralised by silver carbonate, and 
after filtration and evaporation of the alcohol under reduced pressure 
@ resinous syrup remained. This was deep carmine in colour, and 
after repeated extraction with boiling ether a considerable amount 
of a brown, amorphous powder remained, the properties of which 
were in accordance with Perkin’s description of indoxyl-brown. 
The ethereal extract was coloured a deep carmine, which was 
probably due to the presence of an ether-soluble colouring matter 
derived from indoxyl. To eliminate thisimpurity from the methyl- 
ated sugar, the ether was removed under reduced pressure, the 
residual syrup dissolved in water and the solution gently heated 
after the addition of a little vegetable charcoal (norit). This was 
found to be very effective, and the filtrate after this treatment 
showed only a pale golden-yellow colour. The water was removed 
from the filtrate by distillation under reduced pressure, and its 
last traces were eliminated by successively adding and distilling 
off small quantities of alcohol. The syrup was finally extracted 
with ether and the ethereal solution dried with anhydrous sodium 
sulphate. On filtering and removing the solvent, 2-1 grams of a 
mobile, pale yellow syrup were obtained. 

The syrup was distilled under greatly reduced pressure and 
boiled at 110—115°/1-4 mm.; n, = 14498. [Found : OMe = 57'5. 
Tetramethyl methylglucoside (n, = 1:4460) requires OMe = 62°0. 
Tetramethyl glucose (n, = 1°4583) requires OMe = 52°6 per cent.] 

From the refractive index of the product and its methoxy-content 
it was evident that it consisted principally of tetramethyl methyl- 
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glucoside mixed with a small amount of tetramethyi glucose which 
had escaped glucoside formation. This view was supported by the 
fact that the syrup had a slight reducing action on Fehling’s solution. 
It was therefore thought advisable to complete the conversion into 
the glucoside by methylation with methyl iodide, and on extracting 
the product of this reaction with ether and removing the solvent, 


m t. 

of - aclear, colourless syrup was obtained which had no reducing action. 

f dry It had a methoxy-content of 61:2 per cent. and n, 1°4460. Con- 

1d the version to the methylglucoside was therefore complete. The 
The § optical rotation of the product indicated that it contained an excess 

xteen | of the a-form of tetramethyl methylglucoside. {{a]'® in water 


= + 89°5°, which corresponds with a mixture of 65 per cent. of the 
aform ({a], = +147°4°) with 35 per cent. of the @-form ([a], = 
— 17°34°)}. 


Hydrolysis of Tetramethyl Methylglucoside. 


The hydrolysis of the tetramethyl methylglucosides isolated 
from tetramethyl indican as described above was effected by boiling 
with 8 per cent. aqueous hydrochloric acid. 0°7392 Gram of the 
glucoside was dissolved in 43°5 c.c. of aqueous acid, and after the 
addition of a little vegetable charcoal the solution was boiled for 
thirty minutes over a wire gauze. The presence of a little charcoal 
during the hydrolysis of methylglucosides has been found to prevent 
the development of colour, which is a great advantage when follow- 


tter § ing the course of the reaction polarimetrically. The calculated 
iyi. § concentration of tetramethyl glucose resulting from hydrolysis in 


the above solution is 1°5904 per cent., and this should give an 
optical value of a, = + 2°65° with a 200 cm. tube (tetramethyl 
glucose equilibrium value in water [a], = +83°3°). The a, observed 
after the hydrolysis had been proceeding for thirty minutes was 
+ 2°55°, and therefore at the end of this time the hydrolysis was 
complete. The solution was accordingly filtered and neutralised 
with barium carbonate. After another filtration, the water was 
distilled off under reduced pressure, and the dry residue extracted 
with boiling ether. On removing the solvent from the ethereal 
extract, a colourless syrup was obtained which on cooling began to 
crystallise in compact rosettes of needles. A portion of the syrup 


1d on nucleation with a specimen of 2:3:5:6-tetramethy] glucose, 
5, | prepared by the direct methylation of glucose, immediately 
). | solidified. 

J The crystals obtained melted at 70°, and after one recrystallisa- 
t | tion from light petroleum containing a little ethyl acetate the value 


had risen to 80°. Subsequent recrystallisation from light petroleum 
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raised the melting point to 94°, the change of the melting point op 
recrystallisation being characteristic of tetramethyl glucose. 

The tetramethyl glucose showed the customary mutarotatiop 
in solvents, the optical change in water being from + 915° —- 83°, 
which is in good agreement with the values already established for 
the compound. It is therefore established that the sugar resulting 
from methylated indican is tetramethyl glucose of the butylene. 
oxide type, and from this it follows that in the parent glucoside 
the component sugar possesses a linking of this type. 


We wish to express our thanks to Mr. W. A. Davis of the Indigo 
Research Laboratories, Pusa, Bihar, for kindly supplying us with 
the indican used in the work ; to Principal Irvine, F.R.S., for the 
kindly interest he has taken in the work throughout its course, and 
to the Commissioners of the 1851 Exhibition for a scholarship 
which has made it possible for one of us to participate in the re- 
search. 
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CXIX.—The Catalytic Decomposition of Formic Acid 
on Surfaces of Platinum and Silver. 


By Harotp Catvert Trncry and Cyrm Norman HINsHELWoOD. 


THE thermal decomposition of formic acid occurs in the following 
ways : 
(a) HCO,H = H, + CO,. (6) HCO,H =H,0O + CO. 

In each case the equilibrium lies almost completely on the side 
of the products of decomposition. The decomposition is very 
sensitive to catalytic influences, which determine not only the 
total velocity of the reaction, but also the relative ease with which 
the two alternative modes of change (a) and (b) take place. The 
study of the influence of conditions such as temperature and the 
nature of the catalyst on the reactions may be expected to yield 
information of some interest in connexion with the general theory 
of heterogeneous catalysis. 

Hinshelwood, Hartley, and Topley (Proc. Roy. Soc., 1922, [A], 
100, 575) have found that on soda glass the two reactions proceed 
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st about equal rates in the neighbourhood of 280°, but that the 
temperature coefficients of velocity differ very considerably, the 
tation ff velocity of reaction (a) increasing about 1°7—1-8 times for 10° rise 
83° fin temperature, and that of reaction (6) about 1°3—1°4 times. 
ed for ff Interpreting the results in the light of the view that the velocity of 
ulting f a heterogeneous reaction is not governed by the velocity of diffusion 
ylene. § through an adsorbed layer of considerable thickness, but that the 
0side § observed velocity is that of a chemical change in a unimolecular 
layer on the surface of the catalyst, the conclusion is drawn that 

a molecule which reacts must not only possess a minimum critical 

idigo J energy, according to the accepted view, but must also be in a 

With J certain phase. Otherwise two reactions associated with such 
t the § different temperature coefficients and correspondingly different 

and § critical energies could not proceed at roughly equal rates at the 
ship § same temperature. 

The object of the experiments to be described was to study the 
influence of temperature on the two reactions on catalytic surfaces 
of silver and platinum, in order to ascertain whether the behaviour 
of the formic acid on these catalysts is analogous to its behaviour 
: on glass. The problem is rendered more difficult by the extreme 
. variability of the catalytic surfaces, and special devices have had 
to be adopted to obtain the desired information about temperature 
coefficients. 

The results are briefly as follows. On platinum, from 235° down 
, to 80°, reaction (a) yielding carbon dioxide and hydrogen predomi- 
id F nates almost exclusively. As the reaction on platinum at 80° is 

proceeding much more slowly than it does on glass at temperatures 
. where reaction (6) greatly predominates, the behaviour on platinum 

‘ f isnot analogous to that on glass. The temperature coefficient of 

g the reaction on platinum is, however, approximately the same as 

that of the corresponding reaction on glass, 1‘7—1°8, the “ heat of 
activation ’’ being 22,000 cals. per gram-molecule, whilst that for 
glass is 28,000. 

On silver, the main reaction taking place is that yielding carbon 
dioxide and hydrogen. Although varying amounts of carbon 
> § monoxide are found in the reaction products, some of this may be 
| ff attributed to the reaction taking place on the glass reaction bulb; 
it is, however, doubtful whether all the carbon monoxide formed 
can be thus accounted for. The temperature coefficient for the 
carbon dioxide reaction is again high, as on glass and platinum, 
being 1°9 from one series of experiments and 2°3 from another 
series, over a different range of temperature. These give a mean 
heat of activation of 31,000 cals. 

It was necessary to investigate the possibility of disturbances 


int on 
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in the composition of the products of reaction due to the secondary, 
reaction, CO + H,O = CO,+ H,, where the equilibrium lied 
well on the carbon dioxide side at the temperature of the eXperi 
ments. It was concluded that the results could not be appreciably 
influenced by this. 

Methods and Apparatus.—The reaction velocities were measured 
by two methods: (a) by measuring manometrically the increay 
in pressure which accompanies the decomposition, (b) by measuring 
volumetrically the gases produced in a known time from a know 
weight of acid heated in a sealed bulb. 
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(4) Manometric Experiments —The apparatus used was a cylin- 
drical bulb about 4 cm. long and 1°5 em. in diameter, the lower 
end of which was sealed to a capillary tube of fine internal bore 
about 40 cm. long and bent so as to communicate through a mercury 
reservoir with a manometer and levelling tube (see Fig. 1). 

This capillary, which was kept at a temperature of 135—150° by 
a suitable, electrically-heated winding of nichrome wire from the 
reaction bulb to beyond the mercury reservoir, served to transmit 
the pressure in the bulb to the mercury surface without allowing 
mercury or its vapour to reach the catalyst. To fill the bulb 
with formic acid vapour, a large excess was boiled off from it at a 


167] 


FORMIC ACID ON SURFACES OF PLATINUM AND SILVER. 


v§ temperature 10—30° below the reaction temperature, by heating 
in a constant-temperature air-bath. The tip was then sealed off 
Nand the bulb transferred to the thermostat before condensation 
r§ could occur. 

Constant temperatures were maintained by vapour baths of 
boiling liquids in which the reaction bulb was immersed. 

(b) Sealed Bulb Experiments.—The bulbs were of soda glass, 
cylindrical, of about 15 c.c. volume. A suitable amount of acid, 
ina fragile, sealed capillary, was introduced. The bulb was evacu- 
ated to below 1 mm. pressure, and sealed off, the capillary containing 
the acid being then broken. After heating, the volume and the 
composition of the gaseous products were determined. 

In calculating velocity constants, allowance’ was always’ made 
for differences in the volume of the various bulbs, since the observed 
velocity constant is directly proportional to the area of the catalytic 
surface and inversely to the volume of the bulb. 

(c) Analysis of Gases —Samples of reaction products were drawn 
off into an evacuated gas pipette and transferred to a Haldane gas 
analysis apparatus. 

(d) Experiments on the Water Gas Equilibrium.—tn these experi- 
ments carbon monoxide at 0°5—1 atmosphere pressure was sealed 
up with excess of water in glass bulbs containing the catalyst, the 
bulb heated in an electric furnace, and the products were analysed. 

(e) Preparation and Treatment of Catalysts—Much difficulty was 
found in preparing and preserving catalysts which would yield 
constant results. The platinum foil was cleaned in nitric acid or 
nitric and chromic acids after sealing up in the reaction bulb, and 
in the manometric experiments as many experiments as possible 
were completed without removal from the apparatus. In the 
sealed-tube experiments, the platinum was washed with nitric 
acid after each experiment. For the experiments at 80° and 120° 
the inside wall of a bulb was platinised by evaporating on it a 
solution of platinum chloride in alcohol and igniting. This formed 
a very active platinum mirror, which, however, did not adhere to 
the glass well enough for quantitative work. 

After many trials with different forms of silver catalyst for the 
manometric experiments, silver mirrors were deposited on the inner 
surface of the reaction bulbs by reducing ammoniacal silver nitrate 
with sugar solution. This surface was active, but usually disin- 
tegrated and became inactive after one or two experiments. For 
the sealed-bulb experiments, silver powder was prepared by re- 
ducing silver solution with formaldehyde, drying and igniting the 
product, and thoroughly mixing. Weighed amounts of this 
catalyst were used, each portion being used only once. 
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Experiments with Platinum Catalyst. 


Evidence that the reaction yielding carbon dioxide is the only on. 
occurring to any great extent on platinum is given by the following 
experiments with sealed bulbs. 


Expt. Catalyst. Temp. Ratio CO/H,,. 
1. Platinised bulb 78° 0-034 
2. - 118 0-025 
3. Foil 1 184 <0-01 
4. - 209 <0-01 


Sabatier and Mailhe have classed platinum among the catalysts 
which bring about the decomposition of formic acid into carbon 
dioxide and hydrogen. From the results of Hinshelwood, Hartley, 
and Topley, glass could be placed among these at higher tempera. 
tures, but not at lower temperatures. The present results show 
that the behaviour of platinum in this respect is not analogous to 
that of glass, since the reaction yielding carbon monoxide never 
predominates. 

The platinum foil used catalysed the formation of carbon dioxide 
and hydrogen from carbon monoxide and water only very slightly 
at 235° ; even at 260°, an active foil converted only one-half the 
original amount of carbon monoxide into carbon dioxide in seventy 
hours. 

The reaction appears to be unimolecular, the velocity coefficient 
usually remaining constant to within about 10 per cent. in a given 
experiment. 

Temperature 206°. 


¢ (minutes). p (mm.). k = 1/t logio _P @ . 
4-0 126 0-0275 
6-3 186 0-0274 
9-1 246 0-0272 
13-3 316 0-0262 
20-9 406 0-0265 
32-2 486 0-0270 
End point 563 Pp & — 


In some cases, however, a marked increase is observed during 
the experiment, which may be due to a catalytic action of the 
reaction products, but is more plausibly to be attributed to changes 
in the activity of the surface. An accelerating influence is diffi- 
cult to explain, on the basis of adsorption, in the same way as 
** poisoning.” 

The most striking variations were shown, however, in successive 
experiments, the velocity changing by as much as 100 per cent., 
although nothing had been done to the catalyst beyond cooling, 
admitting air, and boiling off a fresh charge of formic acid. The 
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fluctuations showed both increases and decreases, with at first a 

neral tendency to increase. These made the main object, which 
was to determine the temperature coefficient of the velocity, very 
difficult to achieve. In the first experiments made, a “ poisoning ”’ 
effect appeared, which was at first attributed to carbon monoxide. 
It was not observed later and remains unexplained. 

(a) Manometric Experiments.—Attempts to get the temperature 
coefficient from consecutive experiments proving unsatisfactory, 
it was decided to deduce the coefficient from a single experiment 
as follows. The reaction was allowed to proceed at the lower 
temperature until about half complete. The apparatus was then 
transferred to the bath at the higher temperature, and data taken 
starting from a new f and po. After the end-point at the higher 
temperature had been obtained, the apparatus was returned to the 
lower temperature, and the end-point there determined ; the gas- 
law afforded a check on the readings. The constants were now 
calculated for each 100 mm. of rise in p by the formula 


l P.. —P 
k — —""——" « log = 1, 
ty — ty ” Da — Pe 
and the last value of & in the first part of the experiment compared 
with the first value in the second part. A summary of the results 
follows. 


Ratio for . 
Temp. ik (average). & (initial). k (final). 10° rise. 

1. (a) 141° 0-00175 0-00165 0.00180 

(b) 209 0-100 0-090 0-100 1.77 
2. (a) 141 0-00140 0-00160 0-00140 

(b) 209 0-0700 0-0680 0-0760 1-77 
3. (a) 141 0-00160 0-00160 0-00165 

(b) 209 0-0540 0-0525 0-0570 1-67 
4. (a) 141 0-00255 0-00230 0-00310 

(b) 209 0-0635 0-0650 0-0640 1-57 
5. (a) 141 0-00180 — 0-0030 

(b) 209 0-260 0-23 0-30 1-89 
6. (a) 141 0-00300 0-00260 0-00310 

(b) 210 0-083 0-073 0-098 1-70 


Average 1-73 


Averaging all the values of & at different temperatures obtained 
from eleven other experiments and plotting log k against tempera- 
ture, a value of 1°70 for the temperature coefficient was obtained. 

(6) Sealed-bulb Experiments.—The great difficulty of the mano- 
metric experiments lay in the variability of the catalytic surface. 
This was to some extent overcome by the device of the broken 
experiment just described ; but the comparative simplicity of the 
sealed-bulb experiments rendered another method possible, namely, 
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to carry out a large number of experiments and treat the results 
from a statistical point of view. This was justifiable, since the 
variation in the activity of the platinum through the series was 
quite random, and apparently depended only on the extent t 
which the surface, even after cleaning with nitric acid, remained 
contaminated with minute amounts of foreign matter. It is now 
recognised that films of molecular thickness may enormously 
influence the catalytic activity. 

Eight experiments were made at each of four temperatures, 
The mean of the eight results for each temperature, together with 
the ‘‘ probable error,’’ which measures the extent of the random 
variations, is given below. It must be emphasised that these 
variations have nothing to do with the experimental errors of the 
single experiments, which were negligible in comparison with the 
variations due to changes in the surface. 

Temp. ¢ 139-5° 181-8° 205-5° 234° 
kx1% . . 39423 53-5 + 13 150 + 29 617 + 190 

Plotting log & against temperature, the temperature coefficient 
from the slope is found to be 1°76 with a probable error of about 
0-1. Thus both this series and the manometric experiments show 
that the decomposition on platinum into hydrogen and carbon 
dioxide has a high temperature coefficient, which is of the same 
order as, but rather less than, that of the corresponding reaction 
on glass. 

Experiments with Silver Catalyst. 

Manometric Experiments——A long series of experiments was 
made both in the manometric apparatus and in sealed bulbs with 
silver foil as catalyst. The foil showed some activity, but it was 
of the same order as that of the glass walls of the bulb. 

Eventually the catalyst was deposited as a mirror on the bulb as 
described above. Recourse was had to the “‘ broken experiment ” 
to obtain consistent results from which the temperature coefficient 
could be calculated. Analysis showed a small amount of carbon 
monoxide, but probably not more than could be accounted for by 


the reaction on the glass. 
Ratio Ratio 


for 10° co | 
Expt. Bulb. Temp. k. rise. CO, 
1 (a) 6 184° 0-0012 
(d) 6 222 0-014 1-91 0-06 
2 (a) 7 177 0-0024 
(d) 7 250 0-25 1-89 —_— 
3 (a) 7 184 0-0036 1-90 — 
(d) 7 218 0-033 1-92 0-06 


Average 1-91 
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With regard to the secondary interaction of carbon monoxide 
and water, a silvered bulb, such as was used in the manometric 
experiments, heated for fifteen hours at 250—260°, showed no trace 
of the formation of carbon dioxide. In a test with the reduced- 
silver powder used in the sealed-bulb experiments, heating for 
twenty hours at 250° gave only 3 per cent. of carbon dioxide. 

Sealed-bulb Experiments with Reduced Silver—tThe catalyst used 
in each case was 1 gram of silver powder prepared as described. 
The results obtained at the two temperatures used are tabulated 
below. 

Fraction co 


Expt. decomposed. ‘total x 10°. He koo, x 10%. 
Temperature 184-6°. 
1 0-091 0-063 0-339 0-047 
2 0-093 0-140 0-597 0-088 
3 0-094 0-150 0-690 0-089 
4 0-151 0-070 0-230 0-057 
5 0-247 0-128 0-352 0-095 
6 0-251 0-137 0-233 0-111 
7 0-450 0-184 0-155 0-159 
8 0-548 0-194 0-243 0-159 
Average 0-241 0-133 0-100 
Temperature 141-4°. 
9 0-114 0-0021 0-826 0-0011 
10 0-118 0-0037 0-933 0-0019 
ll 0-180 0-0020 1-320 0-0008 
12 0-194 0-0040 0-350 0-0030 
13 0-578 0-0064 0-050 (?) 0-0061 
Average 0-237 0-0037 0-00264 


From the average value of the widely divergent values of k at the 
two temperatures the temperature coefficient for 10° rise over this 
range is 2°32. 

k shows a general tendency to increase with time (that is, with 
the fraction decomposed). At present we are not able to state 
whether this is due to an influence of the products or to changes in 
the activity of the catalyst, which becomes activated during the 
reaction. The point is under investigation. 

The larger part of the acid decomposes into carbon dioxide 
and hydrogen on the silver ; the reaction on glass gives only in- 
significant amounts of carbon dioxide at these temperatures. But it 
was found both by extrapolation and by direct experiment that 
the reaction on glass could account for a large proportion, perhaps 
all, of the carbon monoxide formed at 141°4°. For this reason 
values of k,, are not given. At 184°6°, the reaction on glass could 
account for only about one-seventh of the total carbon monoxide, 
so that we may conclude that k,, for silver has a temperature 
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coefficient considerably higher than &,, for glass. The value fy 
the temperature coefficient of Koo, is calculated from values which 


seem to increase with the fraction decomposed, but since the average 
value of this fraction is the same for both temperatures, any error 
due to this will be minimised. 


Summary of Temperature Coefficients for Keo, 


Heat of activation 
from formula 
d log.k 


Ratio for 10°. Range. a ™ Q/RT: 
Platinum 1-73 141—209° 21,800 cal 
1-70 141—209° 21,100 ,, 
1-76 141—234° 23,800 ,, 
Mean 22,200 ,, 
Silver 1-91 184—250° 30,800 cal. 
2-32 141—184° 31,700 ,, 


Mean 31,300 ,, 


Compare glass : — — 28,000 ,, 


It may be noticed that the platinum, which is the most efficient 
catalyst, is in this case associated with the lowest heat of activa- 
tion, with respect to one and the same mode of reaction, namely, 
decomposition into carbon dioxide and hydrogen. 


PuysicaL CHEMISTRY LABORATORY, 
BALLIOL AND TRINITY COLLEGES, OXFORD. 
[ Received, July 4th, 1922.] 


CC.—Imino-aryl Ethers. Part I. N-Phenylbenz- 
imino-m-hydroxyphenyl Ether and the Synthesis 
of 2: 4-Dihydroxybenzophenone. 


By ARTHUR WILLIAM CHAPMAN. 


In connexion with syntheses of aromatic ketones which were being 
performed by Hoesch’s method (Ber., 1915, 48, 1122), the author’s 
attention was directed to some observations by Stephen (T., 1920, 
117, 1529) relating to this type of reaction. 
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that benzoylresorcinol (I) resulted from the hydrolysis of the 
product of interaction of benzanilideiminochloride and resorcinol, 
first at 50° and then for a short time at 150°. In explanation, it 
was suggested that the first stage of the reaction consisted in the 
formation of N-phenylbenzimino-m-hydroxyphenyl ether (II), 
which at the higher temperature underwent isomerisation to the 
anil of benzoylresorcinol (II) : 


4 SoH + png 0°" eS 
OH -— _CPhiNPh 
<  So-cPh:NPh"—~ << OH 
‘OH (I1.) OH (ill) 
hydrolysis | hydrolysis 
| u 
4 COPh 
, a. ° 4 ™ 
< OH < Yon “a 
OH + OH 
Ph-CO-NHP) + Ph‘NH,Ph 


In support of this view, it was stated that the primary condensation 
product, on hydrolysis by dilute hydrochloric acid, yielded benz- 
anilide and resorcinol. It seems more probable, however, that the 
imino-ether (II) would furnish aniline and m-hydroxyphenyl 
benzoate on hydrolysis : 
H,0 
CPh(:NPh)-O-C,H,-OH —-—> Ph-CO-0-C,H,OH + NH,Ph. 

This conjecture was strengthened by reference to the literature 
(Pinner, ‘‘ Die Imidoaether,” 1892; Hantzsch, Ber., 1893, 26, 
926; Lander, T., 1901, 79, 690; 1902, 81, 591; 1903, 83, 320, 
766), and therefore it was decided to attempt the isolation of the 
imino-ether in question, and to investigate its behaviour under the 
various conditions employed in Stephen’s condensation. 

After several unsuccessful attempts, a suitable method for the 
preparation of the imino-ether was devised as an adaptation of 
the methods of Hantzsch and Lander (loc. cit.), and consisting in 
the addition of an ethereal solution of benzanilideiminochloride to 
a solution of a large excess of resorcinol in absolute alcohol con- 
taining slightly more than the theoretical amount of sodium 
ethoxide. 

As had been anticipated, the imino-ether prepared in this way 
was converted by hydrolysis with hydrochloric acid into m-hydroxy- 
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phenyl benzoate and aniline, the identity of the former produc 
being established by comparison with a sample prepared by the 
action of benzoyl chloride on resorcinol (Einhorn and Holland, 
Annalen, 1898, 301, 104). The formation of benzanilide an) 
resorcinol observed by Stephen on hydrolysis of the product obtained 
by heating a mixture of benzanilideiminochloride and _resorcing| 
at 50°, would therefore appear to indicate that the materials wer 
to a very large extent unchanged by the treatment. A repetition 
of his experiment confirmed this conclusion, since hydrogen chloride, 
the other product of the reaction, was evolved only in very smal] 
amount. 

Furthermore, the imino-ether underwent no apparent change 
when heated for half an hour at 155—160°, but at 170° or above, 
darkening occurred accompanied by some depression of melting 
point. In the latter case, hydrolysis of the product yielded, in 
addition to benzoic acid, a small proportion (1°8 per cent.) of benz. 
anilide, but no benzoylresorcinol, and a similar result was obtained 
at 185—195°. It followed, therefore, that the imino-ether itself 
was not responsible for the formation of the anil of benzoylresorcinol 
as stated by Stephen. A repetition of his experiment confirmed 
the formation of benzoylresorcinol, and an examination was accord- 
ingly made of the behaviour of another possible intermediate pro- 
duct, namely, the imino-ether hydrochloride. This compound was 
easily prepared by passing dry hydrogen chloride into a solution 
of the imino-ether in benzene; and when heated at 150—160° for 
fifteen minutes and subsequently hydrolysed with hydrochloric 
acid, it furnished a 4-5 per cent. yield of benzoylresorcinol. By 
heating at 165—175° for twenty-five minutes, the yield was increased 
to 20 per cent. 

This indicates that it is the imino-ether hydrochloride rather 
than the imino-ether itself from which the anil of benzoylresorcinol 
can be produced on heating; and therefore it would seem very 
probable that the reaction in question depends on preliminary 
dissociation of the hydrochloride into resorcinol and benzanilide- 
iminochloride, followed by a process of direct substitution : 


CPh:NPh 
/\O-CPh /\OH CPhCl  /\0H 
) | cmt Wn | +HCl 
/ NPh,HCL \/ oF 
OH OH OH 


It has long been known that the anils of di-N-substituted amino- 
benzophenones may be prepared by the action of N-arylarylimino- 
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thlorides on tertiary aromatic amin (Meister, Lucius, & Briining, 
1987, D.R.-P. 41,751, 44,077); for example, 


CArCl NR,// NR, 
‘ + HCl. 
if 


—_--—> 


| + 
NPh k oss :NPh 


In the present instance, it has been found that benzoylresorcinol 
can be prepared from the product of interaction of benzanilideimino- 
chloride and resorcinol at 100°, at which temperature the imino- 
ether hydrochloride undergoes no change. It seems difficult, there- 
fore, to escape the conclusion that in this case, and hence in the 
experiment described by Stephen, direct substitution takes place, 
and that this represents the normal course of keto-anil formation. 
It will be noted that these experiments form a further con- 
ribution to the evidence which is gradually accumulating to show 
that, at least in some cases, the so-called “ indirect substitution ”’ 
Blanksma, Rec. trav. chim., 1902, 21, 281; 1904, 23, 202), involving 
the migration of a substituent from the side-chain into the nucleus 
of an aromatic compound, in reality depends on a preliminary 
jssion by hydrolysis or other analogous reaction, followed by a 
process of direct substitution. Thus Orton and Jones showed 
that the production of C-chloroacetanilides from N-chloroacet- 
milides in the presence of hydrochloric acid proceeds by a pre- 
iminary formation of acetanilide and chlorine, the latter then 
jirectly attacking the nucleus (T., 1909, 95, 1456). Similarly, 
it has recently been shown that dimethylaniline hydrochloride 
wcompanies o- and p-toluidine hydrochlorides in the product 
of heating methylaniline hydrochloride; and therefore methyl 
chloride is a product of the reaction and probably responsible for the 
toluidine formation (Beckmann and Correns, Ber., 1922, 55, [.B], 852). 
Further experiments on the thermal decomposition of imino- 
wtyl ethers and their hydrochlorides, which have shown that these 
ractions differ markedly from those of the imino-alkyl ethers, 
vill be dealt with in a future communication. 


EXPERIMENTAL. 

N-Phenylbenzimino-m-hydroxyphenyl Ether—Sodium (6 grams) 
ind resorcinol (75 grams) were dissolved in absolute alcohol (250 
tc.), a stream of hydrogen being passed through the flask through- 
out the process. The resulting solution was at once treated with 
an ethereal solution of benzanilideiminochloride prepared from 
benzanilide (50 grams) and phosphorus pentachloride (Wallach, 
Annalen, 1877, 184, 77), when sodium chloride was immediately 


1680 CHAPMAN : IMINO-ARYL ETHERS. PART I. 


precipitated. After twelve hours, the ether and most of thi 70™ 
alcohol were distilled off, and the residue poured into water, the in wl 
oil obtained rapidly solidifying. By crystallisation from alcohol, porti 
42 grams of material (57 per cent. calculated on the weight o .. 

e 


benzanilide) were obtained; the melting point, 164—165°, wa 


raised to 167—168° by repeated crystallisation. 
N-Phenylbenzimino-m-hydroxyphenyl ether forms very pale yelloy, heat 
microscopic prisms, and is moderately soluble in alcohol, sparingly acid 
soluble, in hot or cold benzene or in ether, very sparingly soluble B 
in light petroleum, and almost insoluble in water (Found : N = 5.03. chlor 
C,9H,,0,N requires N = 4-84 per cent.). duct 
The hydrochloride, prepared from hydrogen chloride and the dt 
imino-ether (15 grams) in hot benzene (600 c.c.), was precipitated 150- 
as a very pale yellow, crystalline powder (11-8 grams), and dried bot 
in a vacuum over sulphuric acid and solid sodium hydroxide, § 7” 
When quite fresh, it melts at 178—179° with decomposition to a of | 
red liquid. For analysis, it was repeatedly treated with small fil 
quantities of hot water containing nitric acid; the hydrochloric By 
acid was estimated in the combined filtrates (Found : HCl = 11-0. frot 
C, 5H,,0.N,HCl requires HCl = 11-2 per cent.). Ifo 
Hydrolysis of N-Phenylbenzimino-m-hydroxyphenyl Ether —The eg 
imino-ether (2 grams) was heated for five minutes with concentrated § 1° 
hydrochloric acid (7 ¢.c.) in a boiling water-bath, an equal bulk - 
of water added, and the heating continued for five minutes. By | ™* 
crystallising the solidified oil from dilute alcohol, scales (0-65 gram), by 
m. p. 130—131°, were obtained, with a smaller quantity of less | ?® 
pure material. By repeated crystallisation from a mixture of ar 
chloroform and light petroleum, the melting point was raised 
to 133—134°, and this was not depressed by admixture with | ™ 
m-hydroxyphenyl benzoate (m. p. 133—134°) prepared by Einhorn § ™ 
and Hollandt’s method (loc. cit.). The presence of aniline in § . 
the acid liquor from the hydrolysis was demonstrated by the usual r 


qualitative tests. 

Behaviour of N-Phenylbenzimino-m-hydroxyphenyl Ether when 
Heated.—Neither the appearance nor the melting point of the 
imino-ether was changed when a sample was heated for thirty 
minutes in an oil-bath at 155—160°. The imino-ether (10 grams) 
was then heated for thirty-five minutes at 170°, fusion being com- 
plete in twenty minutes. The dark brown product softened below 
120°, but melted at 163—165°. The hydrolysis with repeatedly 
renewed quantities of hydrochloric acid (Stephen, loc. cit.) was 
considerably facilitated in the presence of glass-wool, on which 
the oily material distributed itself. The substance crystallising 
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from the cooled filtered solutions was separated by sodium carbonate, 
in which benzoylresorcinol is soluble, into a soluble and an insoluble 
portion. The sodium carbonate solution furnished, on acidification, 
pure benzoic acid only (1-6 grams), which melted at 122—123°. 
The insoluble portion (0-13 gram) was identified as benzanilide. 

A similar experiment, in which 7 grams of the imino-ether were 
heated at 185—195° for thirty minutes, gave 0-86 gram of benzoic 
acid and 0-09 gram of benzanilide, m. p. 163°. 

Behaviour of N-Phenylbenzimino-m-hydroxyphenyl Ether Hydro- 
chloride when Heated.—The heating and the hydrolysis were con- 
ducted in the same way as in the case of the imino-ether, 4 grams 
of material being employed. One experiment was performed at 
150—160° for fifteen minutes, slight fusion being observed at the 
bottom of the tube; whilst another, at 165—175° for twenty-five 
minutes, resulted in fusion to a dark brown mass with slight evolution 
of hydrogen chloride. The material separating from the cooled 
filtered solutions was repeatedly extracted with hot benzene. 
By evaporation of the extracts and crystallisation of the residues 
from water, pale brown, slender prisms were obtained, m. p. 144— 
145°, which were identified as benzoylresorcinol by comparison 
with a sample prepared by the Hoesch reaction. The respective 
yields at 150—160° and 165—175° were 0-11 gram (4-5 per cent.) 
and 0-5 gram (20 per cent.). The small residue insoluble in benzene 
was shown to be the hydrochloride of diphenylbenzenylamidine 
by conversion into the base (m. p. 146—147°) and by direct com- 
parison with a sample of diphenylbenzenylamidine prepared by 
the action of benzanilideiminochloride on aniline. 

When the hydrochloride (2:3 grams) was heated in a boiling 
water-bath for thirty-five minutes, its melting point and appearance 
underwent no change. 

In order to imitate as far as possible the conditions employed 
in the fusion of benzanilideiminochloride and resorcinol, the hydro- 
chloride was mixed with benzanilide (0-5 gram) and resorcino 
(05 gram) and again heated in the water-bath for thirty-five 
minutes. The mass partly fused and a trace of hydrogen chloride 
was evolved. The residue was then hydrolysed as before, but 
the sole product was pure benzoic acid, m. p. 122—123°. 

Condensation of Benzanilideiminochloride and Resorcinol at 100°. 
—An intimate mixture of resorcinol (2 grams) and benzanilideimino- 
chloride (3-9 grams, b. p. 210—211°/46 mm.) was heated in a boiling 
water-bath for twenty minutes. The fused mass separated into 
two layers, the lower being much darker and more viscous than 
the upper, and a little hydrogen chloride was evolved. The residue 
was hydrolysed by warm dilute hydrochloric acid (50 c.c.), and the 
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product separated by crystallisation, first from dilute alcohol, 
and then from a mixture of chloroform and light petroleum, into 
pure benzanilide (1:3 grams, m. p. 162-5—163°) and benzoyl. 
resorcinol (0-7 gram, m. p. 143—144°). From the mother-liquors 
a very small quantity of material, m. p. 112—115°, probably 
impure m-hydroxyphenyl benzoate, was obtained. 


The author wishes to acknowledge his indebtedness to Dr. J. 
Kenner for directing his attention to the subject of these studies, 
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with a sample prepared by the Hoesch reaction. The respective 
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and 0-5 gram (20 per cent.). The small residue insoluble in benzene 
was shown to be the hydrochloride of diphenylbenzenylamidine 
by conversion into the base (m. p. 146—147°) and by direct com- 
parison with a sample of diphenylbenzenylamidine prepared by 
the action of benzanilideiminochloride on aniline. 

When the hydrochloride (2-3 grams) was heated in a boiling 
water-bath for thirty-five minutes, its melting point and appearance 
underwent no change. 

In order to imitate as far as possible the conditions employed 
in the fusion of benzanilideiminochloride and resorcinol, the hydro- 
chloride was mixed with benzanilide (0-5 gram) and resorcinol 
(0-5 gram) and again heated in the water-bath for thirty-five 
minutes. The mass partly fused and a trace of hydrogen chloride 
was evolved. The residue was then hydrolysed as before, but 
the sole product was pure benzoic acid, m. p. 122—123°. 

Condensation of Benzanilideiminochloride and Resorcinol at 100°. 
—An intimate mixture of resorcinol (2 grams) and benzanilideimino- 
chloride (3-9 grams, b. p. 210—211°/46 mm.) was heated in a boiling 
water-bath for twenty minutes. The fused mass separated into 
two layers, the lower being much darker and more viscous than 
the upper, and a little hydrogen chloride was evolved. The residue 
was hydrolysed by warm dilute hydrochloric acid (50 c.c. Pt and the 
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product separated by crystallisation, first from dilute alcohol, 
and then from a mixture of chlofoform and light petroleum, into 
pure benzanilide (1-3 grams, m. p. 162-5—163°) and_ benzoyl. 
resorcinol (0-7 gram, m. p. 143—144°). From the mother-liquors 
a very small quantity of material, m. p. 112—I115°, probably 
impure m-hydroxyphenyl benzoate, was obtained. 


The author wishes to acknowledge his indebtedness to Dr. J, 
Kenner for directing his attention to the subject of these studies. 
CHEMISTRY DEPARTMENT, 
THE UNIVERSITY, SHEFFIELD. [Received, June 13th, 1922] 


CCI.—Crystalline Glucose-ammonia and 
isoGlucosamine. 
By Artuur Roperr Line and DinsHaw Rattronsi NAvJ1. 


In 1893, Lobry de Bruyn and Franchimont (Rec. trav. chim., 1893, 
12, 286) obtained a crystalline derivative of glucose by dissolving 
ordinary dextrose in ammoniacal methyl alcohol. They found that 
the same substance is obtained by treating the two isomeric 
pentacetyl glucoses with alcoholic ammonia. ‘They state that this 
substance is isomeric with the glucosamine obtained by the hydrolysis 
of chitin. 

When the compound is boiled with an excess of NV /10-sulphuric 
acid for some time, it is hydrolysed, and the above-named authors 
point out that the nitrogen can in this way be estimated by titration. 

In this paper it is also stated that lactose and galactose give 
crystalline derivatives when treated with ammoniacal methyl 
alcohol. Fructose is said to give an amorphous and a crystalline 
derivative. 

The aqueous solution of the lactose derivative is said to give 
off ammonia after a time, and Lobry de Bruyn and Franchimont 
remark, “La lactosamine est a ce qwil semble une aldehyde- 
ammoniaque.” This evolution of ammonia, as we shall show, is 
also true of the glucose derivative (see p. 1686). 

Stone (Amer. Chem. J., 1895, 17, 191) obtained a crystalline 
substance by suspending dextrose in absolute ethyl alcohol which 
had been saturated with ammonia. It was easily soluble in water, 
reduced Fehling’s solution somewhat more strongly than dextrose, 
melted at 122—123°, and had a specific rotatory power of [«]) 22— 
22-7°, without exhibiting mutarotation. Distilled with sodium 
hydroxide, the whole of the nitrogen was found to be evolved as 
ammonia. A titration gave 8-74 per cent. of ammonia. The 
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author accordingly believed the substance to be an ammonia 
derivative, C,H,,0,,NH,, analogous to aldehyde-ammonia. 

There seemed little doubt that the substance obtained by Stone 
was identical with that obtained by Lobry de Bruyn and Franchi- 
mont, and this was assumed in further papers by Lobry de Bruyn 
(Rec. trav. chim., 1895, 24, 98; Ber., 1895, 28, 3082). 

In the last two papers, Lobry de Bruyn, in referring to Stone’s 
method of analysis—distilling with sodium hydroxide—suggests 
that under these conditions the whole of the ammonia is not evolved. 
He recrystallised the substance, as obtained by his method, from 
95 per cent. methyl alcohol and then found it to melt with decom- 
position and darkening at 127—128°. A complete elementary 
analysis showed that it had the composition of a glucosamine, 
(,H,,0;N, and the author remarks (Rec. trav. chim., 1895, loc. cit.) 
“La d-glucosamine n'est pas par conséquent un aldehyde-ammoniaque; 
elle est isomére avec la chitosamine (encore nommée a tort glucosamine) 
et avec Visoglucosamine et l'acrosamine de M. Fischer, qui cependant 
jusqu’ici n'ont été obtenues que sous forme de syrops ou de sels.”’ 

Lobry de Bruyn (Ber., 1895, loc. cit.) describes a number of 
similar derivatives of other sugars. He suggests that the glucose 

/N HA 
derivative contains the grouping CH—-CH-OH. 

In von Lippmann’s ‘‘ Chemie der Zuckerarten ”’ (1904, vol. I, 
p. 504), it is stated that Wohl has suggested that the grouping 

—NU-- 
—CH: (CH: OH), *CH-OH is the more probable; but no reference is 
given to an original paper by Wohl. 

Irvine, Themecn, and Garrett (T., 1913, 103, 238) have examined 
the products of the action of ammonia and alkylamines on glucose 
and fructose. 

Discussing the probable constitution of Lobry de Bruyn’s 
“ glucosamine,’ they reject the formule of Lobry de Bruyn and 
of Wohl as being inconsistent with their observations that ammonia 
is without action on alcoholic solutions of saccharose and of «- 
methylglucoside. They state that although all the results obtained 
are not entirely consistent, the bulk of the evidence points to the 


formula 
HO-CH,°CH(OH)-CH-CH(OH)-CH(OH)-CH-NHp, 
O 


or to the imino-formula, 
OH-CH,*(CH-OH],-CH:NH. 
Whilst recognising that either of these two formule might result 
from the dehydration of a derivative of the aldehyde-ammonia 


type, they assert that there is no positive evidence of the formation 
3N2 
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of such an additive compound from glucose, Stone’s results (loc. cit.) 
having been called in question by Lobry de Bruyn. 

There can be no doubt that the crystalline compound obtained 
by Lobry de Bruyn, when purified by recrystallisation from methyl 
alcohol, has the elementary composition assigned to it by that 
chemist. At the same time, the possibility is not excluded that the 
initial product of the action of ammonia on glucose in methyl. 
alcoholic solution is a glucose-ammonia and that by recrystallisation 
from methyl alcohol it loses one molecule of water. Our own work 
on the action of ammonia in aqueous solution on dextrose (J. Soc. 
Chem. Ind., 1922, 41, 1517) renders this highly probable. We have 
indeed direct evidence in confirmation of this view. The product 
first obtained by Lobry de Bruyn’s method melts, as stated by 
Stone, at 122—123°, thus several degrees lower than the melting 
point of the recrystallised product (127—128°). It contains the 
percentage of nitrogen required by glucose-ammonia. In aqueous 
solution, it reduces Fehling’s solution, ammoniacal silver nitrate, 
and solutions of salts of other heavy metals, giving metallic mirrors 
just as does the glucose—-ammonia recently described by us (loc. cit.). 
Like glucose-ammonia, the aqueous solution of Lobry de Bruyn’s 
substance decomposes, when heated, with the evolution of carbon 
dioxide and the production of dark-coloured products (ibid.). 

From these considerations it would seem to be established that 
the product formed by the action of ammonia on dextrose in methyl 
alcoholic solution is the same as in aqueous solution, namely, 
glucose-ammonia. In the latter case, however, isodynamic changes 
occur (compare Ling and Nanji, loc. cit.). The theoretical importance 
of the problem is, however, so great that we deemed it necessary 
to furnish still further evidence. 

Since aldehyde-ammonia compounds are capable of being 
reduced to primary amines, thus R-CHO,NH, —> R-CH(OH)-NH,+ 
H, = R-CH,-NH, + H,0O, glucose-ammonia should yield on 
reduction the glucamine of Maquenne and Roux (Compt. rend., 
1901, 132, 980), thus OH-CH,*[(CH-OH],-CH(OH)-NH, + H, 
= OH-CH,°[CH-OH],-CH,:NH, -++ H,O, and this we find to be the 
case. 

Finally, Knoevenagel and Mercklin (Ber., 1904, 37, 4087) having 
shown that formaldehyde sodium bisulphite condenses with com- 
pounds containing the amino-group, thus : 


R:NH, + OH-CH,:SO,Na = R-NH-CH,-SO,Na + H,0, 


we have succeeded in condensing the supposed glucose-ammonia 
with formaldehyde sodium bisulphite with the production of the 
w-sodium sulphonate, OH-CH,*[CH-OH],-CH(OH)-NH-CH,°SO,Na. 
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We contend, therefore, in the light of the evidence furnished, 
that we have definitely proved that the crystalline compound 
obtained by the action of ammonia on dextrose in methyl-alcoholic 


ned solution is glucose-ammonia, whilst for the constitution of the 
‘hyl ff anhydride, isoglucosamine, we can at present add nothing to the 
hat § deductions put forward by Irvine, Thomson, and Garrett (oc. cit.). 


EXPERIMENTAL. 


ork Preparation of Glucose~Ammonia. 
oe, Instead of dissolving dextrose in ammoniacal methyl] alcohol, the 
ve # method adopted by Lobry de Bruyn and Franchimont, we found 
ict the following mode of procedure a more convenient one. 
by A current of ammonia (generated by warming concentrated 
ng § aqueous ammonia, d 0-880, and scrubbing the gas through a tower 
he of quicklime) is passed into a suspension of dextrose (25 grams) in 
us § 95 per cent. methyl alcohol (200 c.c.). The dextrose dissolves after 
le, atime and a further 25 grams are added. This is repeated until 250 
TS # grams in all of dextrose have been dissolved. Care should be taken 
‘) not to allow the temperature to rise above 20—30°. After a while, 
s crystals separate in small rosettes. Separation commences at 
mn § room temperature in about a fortnight, but this may be greatly 
expedited by cooling in an ice-chest, and scratching the sides of 
at the flask with a rod. In these circumstances the syrupy solution 
yl solidifies to a solid magma of crystals in less than a fortnight. 


The crystals are collected and the solvent is removed as completely 
as possible by suction. Examination under the microscope shows 
that the substance is homogeneous. It is, however, hygroscopic 
and cannot be dried over sulphuric acid, since under these conditions 
it at first loses some ammonia and then one molecule of water. It 
was found possible, however, to dry small portions on a porous 
plate. The dry substance then melted at 123—124° with decom- 
position and darkening. Stone (loc. cit.) gives the melting point as 
122—123°. Its specific rotatory power in aqueous solution was found 
to be [x], -+ 20-3° (ce = 5). Heated with phenylhydrazine acetate 
in the ordinary manner, it gives phenylglucosazone. It reduces 
Fehling’s solution, ammoniacal silver nitrate solution, and solutions 
of salts of other heavy metals giving metallic mirrors, and when its 
aqueous solution is boiled ammonia is given off and the solution 
darkens. 

It is thus seen that the substance behaves similarly to the glucose— 
ammonia recently described by us (loc. cit.). The nitrogen content 
by the ordinary Kjeldahl method was found to be N = 6-86, whilst 
by the micro-Kjeldah] method (Ling and Price, J. Soc. Chem. Ind., 


1686 LING AND NANJI: 


1922, 41, 1497) it was found to be N = 6-83. (Glucose-ammonia, 
C,H,;0,N, requires N = 7-10. Glucosamine, C,H,,0;N, requires 
N = 7-93 per cent.) 

Analysis therefore confirms the view that the substance is glucose- 
ammonia. As will be seen, however, the results are low, this being 
due partly to the absorption of moisture during the weighing-out 
of the portion for analysis, and partly to the loss of ammonia which 
occurs. 

The product obtained as above described may be recrystallised 
from 95 per cent. methyl alcohol as stated by Lobry de Bruyn 
(loc. cit.). The crystals thus obtained are in the form of needles and 
melt at 127—128° (ibid.). 

Analysis showed that they had the composition of a glucosamine 
as stated by Lobry de Bruyn, thus N = 7-5 to 7-44 per cent. These 
values, it will be seen, are intermediate between those required 
for glucose-ammonia and glucosamine, this being possibly due to 
incomplete dehydration. 


Production of Glucamine. 


It is evident that the reduction of a compound of the nature of 
glucose-ammonia must be conducted in neutral solution. Three 
methods were tried, (1) catalytic hydrogenation, (2) reduction with 
aluminium amalgam, and (3) electrolytic reduction. Of these, 
No. 3 was found to be the most efficient and No. 1 the least. 

No. 1.—Following Mignonae (Compt. rend., 1921, 172, 223), the 
unpurified glucose-ammonia was dissolved in absolute methyl 
alcohol so as to make an approximately 10 per cent. solution, and 
the catalyst (finely divided metallic nickel, specially prepared by 
electrolytic reduction) was introduced, oxygen being carefully 
excluded. A current of hydrogen was now passed through at the 
ordinary temperature. The reaction is at an end when no more 
hydrogen is absorbed. At this point, the catalyst is filtered off 
and the solution dealt with by appropriate methods. 

No. 2.—For the reduction with aluminium amalgam, the un- 
purified glucose-ammonia (10 grams) was dissolved in 100 c.c. of 
95 per cent. methyl! alcohol and treated with 2-5 grams of aluminium 
amalgam prepared as follows: Aluminium turnings * are first 
freed from oil by boiling with an aqueous solution of sodium 
hydroxide until a copious evolution of hydrogen has set in. The 
metal is then rinsed with water and allowed to act on a 0-5 per cent. 
solution of mercuric chloride for one to two minutes. The amalgam 
is finally washed with alcohol and ether. The reduction is carried 


* We are indebted to Dr. R. Seligman for supplying us with aluminium 
turnings. 
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wit at a temperature of 40°, and when the reaction is complete the 
jluminium hydroxide is filtered off. The filtrate contains the base 
together with other products, for example, mannitol. 
ucose-§ No. 3.—For the electrolytic reduction, an approximately 10 per 
being § cent. solution of the glucose-ammonia in 95 per cent. methyl alcohol 
ng-out # erving as the cathodic liquid was introduced into a thin porous pot. 
which §A saturated solution of sodium carbonate was used as the anodic 
jiquid. The electrodes used were of lead. The current density was 
ulised $2 ampere per sq. em. and the #.M.F. 6—7 volts. The temper- 
3ruyn § ature rises slowly during the reduction, but under the given con- 
8 and § ditions keeps constant at about 40°. The passage of the current is 
entinued for about four hours. This method was found to be the 
mine § most satisfactory of the three. 
hese J The solutions obtained by the three reduction methods all gave 
uired § the characteristic tests for glucamine as described by Maquenne and 
ie tof Roux. With nitrous acid, nitrogen was evolved; they showed 
strongly alkaline reactions, dissolved ferric hydroxide giving a 
reddish-brown solution, and cupric hydroxide giving a dark blue 
solution. With mercuric chloride and with silver nitrate, preci- 
re of | pitates were formed, which after a time, or more quickly when 
hree | heated, changed to dark, metallic deposits. When heated with 
with | iodine solution, substances were formed possessing the odour of 
ese, | iodoform. Finally, unlike the parent glucose-ammonia, they 
formed salts. Glucamine was, in fact, isolated as the oxalate, 
the | which separated out in characteristic, hexagonal plates (Maquenne 
thyl | and Roux, loc. cit.). We deemed it unnecessary to make an analysis. 
and | The condensation product of glucose-ammonia with formaldehyde 
by } sodium bisulphite was prepared as follows :—Ordinary 40 per cent. 
ully | formalin (7-5 ¢.c.) is mixed with a solution of sodium hydrogen 
the | sulphite (10-4 grams) in water (20 c.c.), and the mixture is kept at 
ore | 70° for about half an hour, when the odour of formaldehyde will 
off J have disappeared. Glucose-ammonia (20 grams) is then dissolved 
in the solution, and the mixture kept in an incubator at 38—40° 
in- } for two days. ‘To isolate the salts, advantage was taken of the fact 
of | that the w-sodium sulphonate derivatives are only sparingly soluble 
im ] in alcohol. The solution is transferred to a separating funnel and 
rst | an equal volume of 80 per cent. aleohol added, when the condensation 
im } product is precipitated as a syrupy liquid. The mixture is well 
he | shaken to remove the unaltered reagents, the syrup removed from 
nt. | the alcoholic layer, and again shaken with four successive quantities 
1m | of 80 per cent. alcohol of about the same volume as the syrup. 
ed | Finally, the syrup is separated and run into a Petri dish, which is 
placed in a vacuum desiccator over concentrated sulphuric acid, 
and, after a time, it sets to a hard, amorphous, almost colourless 
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mass which is extremely hygroscopic (Found: Na = 7-16, 7-18. 
C,H,,0,NSNa requires Na = 7-34 per cent.). 

In conclusion, we have to express our thanks to Mr. Leslie Warren 
for the assistance he has rendered us during the prosecution of this 
work. 


DEPARTMENT OF BIOCHEMISTRY OF FERMENTATION, 
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CCII.—Limits for the Propagation of Flame at 
Various Temperatures in Mixtures of Ammonia 
with Air and Oxygen. 


By ALBERT GREVILLE WHITE. 


OF recent years a fair amount of work has been carried out on the 
oxidation of ammonia by means of oxygen and atmospheric air, 
the general method being to pass a preheated mixture of the gases 
over a catalyst maintained at a high temperature. Manufacturing 
experience showed that under certain conditions an ammonia-air 
mixture burst into flame near the catalyst, the flame travelling 
back to the preheater. This led to the determination of the limits 
for the propagation of flame in air and oxygen mixtures of ammonia 
up to the highest temperatures likely to be attained by preheating. 
According to Lunge (“ Coal Tar and Ammonia,’ London, 1916, 
Part III, p. 1304), ammonia burns only with great difficulty in atmo- 
spheric air, requiring constant heating. Henry (Ann. Phil., 1825, 
25, 424) states that mixtures of air and ammonia are not explosive, 
but that by the continuous action of electric sparks they are slowly 
burnt. Schlumberger and Piotrowski, on the other hand (J. Gas- 
beleucht, 1914, 57, 941) found that mixtures of 16-5 per cent. to 
26-8 per cent. by volume of ammonia in air explode in vessels of 
the form chosen by them. In a Bunte burette there was no 
explosion, but gradual combustion from about 19 per cent. to 
25 percent. Ammonia—oxygen mixtures are known to be explosive, 
the limits for the propagation of flame being given by Reis (Z. 
physikal. Chem., 1914, 88, 513) as below 15 per cent. and above 
80 per cent. of ammonia by volume. 


EXPERIMENTAL. 


The ammonia used was procured from a large gas cylinder. 
After use for some little time, three careful analyses showed that it 
contained 1-0 per cent. of moisture and 0-4 per cent. of nitrogen. 
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The moisture was estimated by prolonged agitation over sticks of 
sodium hydroxide, the ammonia being afterwards absorbed in con- 
centrated sulphuric acid to estimate the residual gas. The presence 
of hydrogen could not be detected. 

Most of the determinations were carried out in glass tubes 5 cm. 
in internal diameter, but similar tubes 7-5 cm. in diameter were 
also used at room temperature. All the tubes were 1-5 m. long 
from shoulder to shoulder and were provided with stopcocks of 
6 mm. bore at one end and a ground glass cap about 9 mm. in 
diameter at the other. The cap was used instead of a stopcock to 
enable the tube to be pushed into the furnace readily. Limit 
trials were always made with both ends of the tube closed. The 
gas mixture was ignited by means of 1 to 2 mg. of guncotton yarn 
fired by means of an induction coil spark produced at a removable 
glass-insulated brass wire electrode. The electrode was introduced 
just before firing, the joint being made air-tight with plasticine. 
Electrodes had to be renewed frequently owing to corrosion of the 
inside brass wire by ammonia. Tubes were always carefully dried 
before use, usually by blowing air dried by calcium chloride through 
the tube, which had been washed with acetone. 

Above room temperature, determinations were carried out inside 
an electric furnace which could be rotated round a horizontal axis 
perpendicular to that of the furnace. The furnace was 1-4 m. long 
and was supplied with a heavy iron furnace-tube 7-5 cm. in diameter, 
which projected slightly at the ends. The maximum temperature 
variation along the tube under the conditions obtaining during an 
experiment was less than 20°, if we neglect the 15 cm. at each end. 
The temperature of the gas at the middle of the furnace was indicated 
by means of a fine copper-constantan thermocouple, which was 
removed immediately before firing. The couple was connected 
with a potentiometer apparatus which indicated a change of tem- 
perature of 1° readily. ‘The glass thermocouple sheath provided an 
exit for excess ammonia—air at lower temperatures, and as it was 
90 cm. long and of 2 mm. internal diameter, it was impossible for 
atmospheric air to diffuse back into the mixture. 

The mixtures used were made up by volume. The measuring 
vessels consisted of three elongated glass tubes of 200, 250, and 
600 ¢.c. capacity, respectively, to each of which a 50 c.c. burette 
was sealed. These could be calibrated by weighing full of water. 
The whole of each vessel was water-jacketed, the water being 
air-stirred. 

It was found absolutely necessary to boil all the mercury used at 
least. every second day. If this were not done, the moisture picked 


up by the mercury absorbed ammonia. When this happened in 
3N* 
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the measuring vessel, as the latter was finally connected with an 
evacuated tube or bottle, more than the calculated amount of 
ammonia was used. The error from this source could become 
serious. Thus, in one preliminary experiment, a tube supposed to 
contain 19-0 per cent. of ammonia, was found on analysis to contain 
19-6 per cent. Taking adequate precautions, however, the method 
gave accurate results. It was often tested by analysis, when the 
calculated and experimental figures generally agreed to less than 
0-5 per cent. of the ammonia used. The gases were mixed by 
shaking with:a few c.c. of small beads for twenty minutes. 

For lower limit determinations below 350°, and upper limit 
determinations below 250°, the gas mixture required was made up 
in the limit tube. This tube was then inserted into the furnace, 
which was kept 20° to 30° above the temperature required, and the 
mixture was fired as soon as it reached that temperature. The 
tube and its contents were generally seven to eight minutes in the 
furnace before firing. 

It was found that at 350° and 250° for the lower and upper 
limits respectively, this time was sufficient to affect the result 
obtained very appreciably, owing to preliminary oxidation of 
ammonia. A fresh method was accordingly adopted at and above 
these temperatures. The tube was kept in the furnace at the 
required temperature, whilst the mixture was made up in a 15-litre 
glass bottle. The tube was then evacuated to a pressure of less 
than 2 mm. of mercury by means of a Gaede box pump, and the 
necessary amount of mercury run into the bottle containing the 
ammonia—air mixture. By turning a 2-way cock the tube could be 
filled with ammonia-air from the bottle and was then ready for 
firing in about half a minute. The amount of mercury introduced 
into the bottle always displaced more than sufficient mixture to fill 
the tube, the excess being allowed to escape past the firing cap. 
The differences between results obtained by the two methods seemed 
to depend on the direction of propagation, particularly for the 
upper limit. For this limit the results obtained at 450° for upward, 
horizontal, and downward propagation by the first method were 
31-2, 29-6, and 31-6 per cent., respectively, those for the second 
method being 33-9, 33-1, and 32-0 per cent. 

Ammonia—oxygen mixtures were made up in much the same way 
as when air was used, except that after evacuation with a Gaede 
pump the tubes were first filled with oxygen from a cylinder. The 
only impurity present in this gas in appreciable quantity was 
nitrogen, of which it contained less than 1 per cent. After partial 

evacuation, the ammonia was introduced in the usual way and the 
tube filled to atmospheric pressure with oxygen. At the upper 
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limit, the results were confirmed satisfactorily by measuring in the 
oxygen and making up to atmospheric pressure with ammonia. 
Throughout the work the accuracy aimed at was 1 per cent. on 
the ammonia present. The results represent the percentage of 
ammonia introduced into a given volume of the mixture, the 
ammonia being taken to be 98-6 per cent. of the volume of 
crude ammonia added. No attempt was made to correct for the 
lightly increased percentage of nitrogen in the “ atmosphere ”’ 
used. 
As test experiments showed that varying the moisture content of 
a tube from 0-4 to 2-5 per cent. did not appear to affect the limit 
obtained to the accuracy required, ordinary undried air was used 


for making up the mixtures. 


Results. 
The results obtained are shown in Table I, all being expressed as 


percentage by volume. 
TABLE I. 


Showing the ranges throughout which ammonia-air and ammonia- 
oxygen mixtures propagate flame at various temperatures. 


Tube. 


Mixture. Cm. Temp. Upwards. Horizontal. Downwards. 
Ammonia~—air_....... 5 18°  16-1—26-6  18-2—25-5 None 
; 60 = -— None 
a 90 — -- 21-0—24-6 
" 140 15-0—28-7 17-0—27-5 19-9—26-3 
io 250 14-:0—30-4 15-9—29-6 17-8—28-2 
“ 350 13-0—32-2 14-7—31-1 16-0—30-0 
in 450 12-3—33-9 13-5—33-1 14-4—32-0 
7:5 18 17-1—26-4 17-4—26-3 None 
Ammonia—oxygen ... 5 18 15-3—79 16-7—79 18-1—79 
ms 250 — 14:8— 15°8— 
os 450 ~- 12°6— 13°5— 
7:5 18 14-8— 15°6— 17°3— 


The flame, particularly in ammonia-air mixtures, was often of a 
vivid yellow colour. Great care had to be taken in determining 
the upper limit for mixtures with oxygen, as using slightly too 
little ammonia was apt to cause a violent explosion. 

The limits with air determined in 7-5 cm. tubes are interesting, 
the ones for upward being almost the same as those for horizontal 
propagation. The corresponding pairs of limits as determined in a 
5 em. tube differ appreciably. We thus find that for upward 
propagation the limits are narrower for the wider tube than for the 
other, though the reverse holds for the limits for horizontal pro- 


pagation. The latter result is the one to be expected, both on the 
3N*2 
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grounds of convection effect and as the result of wall cooling. The 
anomalous result obtained for upward propagation seems to be due 
to the instability of the flame in the wider tube, as in this case the 


flame in trials below the limit found appeared to be jerked out. 
The best idea of the results is probably to be obtained from 
Fig. 1, in which the limits obtained in 5 em. tubes at various tem. 
peratures are indicated. This shows that no flame is propagated 
downwards in ammonia-air mixtures until the original temperature 


Fic. 1. 


Showing the limits for the propagation of flame in ammonia—air and ammonia- 
oxygen mixtures. 


Air limits shown by full, oxygen limits by dotted, lines. 
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Percentage of ammonia in the limit mixture. 


of the mixture approaches 70°. The optimum mixture for flame 
propagation downwards would appear to contain about 22-5 per 
cent. of ammonia. The mixture for perfect combustion contains 
just under 22 per cent. Up to 140°, the range for propagation 
downwards increases very rapidly, but above this point the upper 
limit increases at much the same rate as for propagation in the 
other directions. This is not the case for the lower limit, which 
decreases a good deal more rapidly for downward propagation than 
for propagation upwards or horizontally. For the latter the lower 
limit seems to decrease by about 7 per cent. per 100°, whilst the 


monia- 
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downward limit above 140° seems to decrease by about 10 per 
cent. for the same rise in temperature. 

Owing to the large amount of inert matter in its molecule, 
ammonia could scarcely be expected to give limit results strictly 
comparable with those of ordinary combustible gases. This factor, 
entailing the presence of such a large amount of ammonia at the 
lower limit, presumably explains why the lower-limit results for 
oxygen are so definitely lower than those determined for mixtures 
containing air. Terres (J. Gasbeleucht, 1920, 63, 785, 805, 820, 
§36), using such substances as carbon monoxide, hydrogen, benzene, 
and methane, found the lower limit little affected by the substitution 
of oxygen for air. The variation of the lower limits in oxygen 
with temperature is very similar to that of the lower limits in air 
for upward and horizontal propagation. 

A comparison of the results for ammonia—air mixtures with those 
obtained for vapour-air mixtures (this vol., p. 1244) is interesting. 
In ammonia mixtures, once above the temperature at which pro- 
pagation downwards begins to fail, the limits for propagation 
upwards and downwards do not differ much, even for the upper 
limit. This behaviour differs from that of vapours at the upper 
limit, when the ratio of the two values normally varies from 1-3 to 
1:7. As a result of this the upper and lower limits for ammonia at 
any one temperature are nearly symmetrically situated about the 
mixture for complete combustion for all directions of propagation. 
The corresponding rule for vapours holds only for downward pro- 
pagation. The accuracy with which the rule holds for ammonia 
may be gauged by. an examination of Fig. 1, or from the fact that 
the sum of the limits for each of the eighteen pairs determined lies 
from 42-7 to 46-6, twice the value of the mixture for perfect 
combustion being just under 44. 

An attempt to calculate the lower limit for horizontal propagation 
in the case of ammonia gives 15-7 per cent., if we use a constant 
1120 and take its net calorific value as 73-5. The value found for 
ammonia—air is 17-4 per cent. and that for ammonia—oxygen 15-6 
per cent. The other relationships found for vapour limits are only 
true for ammonia in the neighbourhood of 500°. 

Calculation shows that the theoretical temperature of combustion 
found for ammonia at the lower limit is a good deal higher than 
that of any of the vapours examined. The results of calculation 
for both limits are shown in Table II, specific heats (at constant 
pressure) extrapolated from those of Holborn and Henning (Ann. 
Physique, 1905, [iv], 18, 739; 1907, [iv], 23, 809) being used for 
nitrogen, carbon dioxide, and steam. The molecular values for 
oxygen and nitrogen are assumed to be equal, and the values for 
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ammonia taken are those given by Lewis and Randall (J. Amer, 
Chem. Soc., 1912, 34, 1128). No correction has been made for loss 
of heat. 
TABLE IT. 
Showing the theoretical temperature of combustion attained by horizontal 
limit mixtures of ammonia in air and downward limit mixtures 
in oxygen. Tube 5 cm. in diameter. 


Lower limit in air. Lower limit in oxygen. Upper limit in air, 
RE as ah NSE EES 
Temp. of % ammonia °>) ammonia °; ammonia 
original in limit Flame in limit Flame in limit Flame 
mixture. mixture. temp. mixture. temp. mixture. temp. 
20° 18-2 1630° 18-1 1620° 25-5 1760° 
150 16-9 1620 27-7 1770 
250 15-9 1620 15-8 1610 29-6 1790 
350 14-7 1610 31-1 1820 
450 13-5 1620 13-5 1620 33-1 1840 


Confining our attention to the lower limits, it will be seen that to 
ensure propagation, the flame temperature has to be much the 
same, whether the mixture is originally at 20° or 450°. This 
makes untenable the idea that the effective ignition temperature 
functioning during the propagation is that normally determined. 
An explanation covering the facts is afforded if we consider the 
effective ignition temperature to approximate closely to that of the 
flame. It is just possible, of course, that the equality of temperature 
of flame found may be due to the compensating effect of different 
factors. Thus, the ignition temperature which functions might 
conceivably increase in the correct proportion as the mixture became 
more dilute. There is no evidence of any such phenomenon, 
however, and it is exceedingly unlikely that any such effect should 
occur. Dixon and Crofts (T., 1914, 105, 2036) found that the 
ignition temperatures of mixtures of hydrogen and oxygen decreased 
under similar conditions. Conclusions of a similar general nature 
can be drawn from the upper-limit results, although the agreement 
is not nearly so good, and the flame temperature differs considerably 
from that found for the lower limit. 

An examination of the effect of temperature on the limits for the 
propagation of flame in methane-air mixtures has been made by 
Wheeler and Mason (T., 1918, 113, 45). The theoretical tempera- 
tures of the flames in some of the limit mixtures determined by 
them are given below : 

Original temperature ............ 20° 200° 400° 600° 700° 
Lower limit  ............eeeseeseeees 6-0 5-05 4-00 3-35 3-25 
Calculated temperature of flame 1470° 1410° 1360° 1400° = 1460° 

The flame temperatures do not vary much, and it seems, as has 

been suggested by Taffanel and Le Floch (Compt. rend., 1913, 157, 
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595), that a certain definite intensity of reaction is necessary for 
propagation. The rule will probably be found to be fairly general. 
Further experiments on these lines are now proceeding. 


I desire to express my thanks to Messrs. Nobel Industries, Ltd., 
and particularly to Mr. Rintoul, Manager of the Research Section, 
for facilities accorded for the carrying out of this work. 
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CCIIL.—The Action of Sodium Methoxide and its 
Homologues on Benzophenone Chloride and Benzyl- 
idene Chloride. Part III. 


By Joun Epwin MACKENZIE. 


Ix former publications by the author and his collaborators (T., 
1896, 69, 985; 1901, 79, 1204; 1904, 85, 790; Clough, T., 1906, 
89, 771; P., 1910, 26, 170), the production of a number of ketals 
of the type CPh,(OMe), and of hydroxy-compounds of the type 
CPh,(CgH,y-OH), is described. The preparation of diisoamyloxy- 
diphenylmethane and of dihydroxy-m- and dihydroxy-p-tolyl- 
diphenylmethanes has now been carried out and forms the subject 
of the present paper. The reactions may be represented thus : 


CPh,Cl, + 2Na0-C;H,, = CPh,(O-C;H,,). + 2NaCl. 
CPh,Cl, + 2C,H,Me-OH = CPh,(C,H,;Me-OH), + 2NaCl. 
In the table given below, it is interesting to note the influence 
of different groups and of different arrangements of the same group 
on the melting and boiling points of these substances. Thus the 


substitution of an ethoxy- for a methoxy-group produces a lowering 
of the melting point which is of the same order as that exhibited 


by the corresponding substituted /-malic and d-tartaric acids : 


M. p 
(1) HO,C-CH,-CH(OMe)-CO,H  ............cceeceeeeeeeees 89° 
(2) HO,C-CH,°CH(OEt)-CO,H  .........ceeeceneeeeeeeeees 76 
(3) HO,C-CH(OMe)-CH(OMe)-COGH ..............0.0000+ 151 
(4) HO,C-CH(OEt)-CH(OEt)-CO,H  ................0e0e 126 


On the other hand, when a hydrogen atom in a benzene nucleus 
is replaced by a methyl group, the melting point is lowered, as 
will be seen on comparing the melting points of the corresponding 
dimethoxydiphenylmethane and dimethoxyphenyl-p-tolylmethane 
and of the corresponding dihydroxytetraphenylmethane and 
dihydroxy-m- and dihydroxy-p-tolyldiphenylmethanes. 
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The boiling point, as is usual, rises with the increase in the 
number of carbon atoms in the molecule. 


Name and formula. M. p. B. p. 
Dimethoxydiphenylmethane, (C,H,),C(O-CH,), ... 106° 288° 
Diethoxydipheny Imethane, (C, H,),C(O ‘C,H ss oe 294° 
Dipropoxydiphenylmethane, (C,H,),C(O-C, Ho). 33° 204°/40 mm. 


Ditsoamyloxydiphenylmethane, (C,H,), C(O ‘5H ,,). Oil 190—200°/15 mm. 
Dibenzoxydiphenylmethane,(C “Hes cio CH va 104° 305° /40 mm. 
Di-8-naphthoxydipheny Imethane, 
STEEDS erccirvcnscancesascevtnnseneesvvens 137° — 
Dimethoxyphenyl-p-tolylmethane, 
IE. -iutncccccuensnssauketinbicsenedes Oil 163°/15 mm. 
186°/26 mm. 
312°/80 mm. 
Dihydroxytetraphenylmethane, 


ED. . Stinnhnhadnddvieccenbaceoinensiins 284° — 
Dihydroxy-m-tolyldiphenylmethane, 

PGRN EEE, siciccsccsvcssceisdecvnecersces 234° — 
Dihy ‘droxy- -p- toly Idiphenylmethane, 

SCION, vnvcsescnsenssnsssesivecsecsee 126° — 
Di-a-hy droxynaphthy ldiphenylmethane, 

(C, Hs). ANS ccaccvacasecunsbescckaasehtaass 209° — 
Benzy lidene dimethyl ether, C,H,-CH(O-CH,), ... — 194° 
Benzylidene diethyl ether, C, H, C H(O-C.H;). ... — 222° 


Dihydroxy triphenylmethane, C. eH,-CH(C,H, ‘OH), 160° 


EXPERIMENTAL. 


Diisoamyloxydiphenylmethane.—2:75 Grams of sodium were dis- 
solved in 54 grams of isoamyl alcohol (b. p. 130—130-5°), heated 
in an oil bath at 170°. To the cold, jelly-like solution were added 
14-3 grams of benzophenone chloride. No reaction took place 
at room temperature, but on heating at 130° a vigorous action set 
in, and after heating at 170° for eighteen hours the supernatant 
solution was neutral. The ethereal solution of the product was 
separated from the sodium chloride, the ether removed, and the 
residual liquid distilled at 25 mm. pressure, the fraction coming 
over between 220° and 225° weighing 15 grams. This colourless 
oil, even after redistillation at 190—200/15 mm., could not be 
obtained crystalline, a hard glass being formed in liquid air. The 
oil had d 0-981, and was readily miscible with chloroform, ethyl 
acetate, light petroleum, or benzene, but only to a small extent 
with methyl or ethyl alcohol (Found : C = 80-98, 80-87; H = 9-52, 
9:42. C,3H30, requires C = 81-17; H = 9-41 per cent.). 

This compound appears to be very stable in a dry atmosphere. 
In a vacuum desiccator over concentrated sulphuric acid, it lost 
7-4 per cent. in two hundred and one days, the theoretical loss for 
the splitting off of isoamyl ether being 46-4 per cent. In this 
respect it differs very materially from the corresponding methoxy-, 
ethoxy-, and isobutoxy-derivatives, each of which dissociates into 
benzophenone and the corresponding ether. 


n the 
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In a previous communication (T., 1904, 85, 791), mention was 
made of the production of benzhydrol in the above described 
preparation. Benzhydrol has also been isolated in an attempt to 
prepare diisopropoxydiphenylmethane, the product melting at 
(6—67° (Found : C = 84-55; H = 6-95. Cale., C = 84:78; H= 
§-52 per cent.). 

Attempt to prepare Di-tert.-amyloxydiphenylmethane —4-6 Grams 
of sodium were added to a mixture of 20 grams of tert.-amyl alcohol 
and 50 grams of xylene, the mixture being boiled until all the sodium 
had dissolved. On the addition of 24-1 grams of benzophenone 
chloride, the solid sodium amyl oxide dissolved, and after ten 
minutes vigorous ebullition took place. The mixture was heated 
at the b. p. for twelve hours, and the liquid then showed a neutral 
reaction. After the addition of ether, removal of the precipitated 
sodium chloride, and of the ether, the residual brown liquid was 
heated at 60°/50 mm. The residue in the distilling flask deposited 
a brownish-yellow solid on cooling. This was partly decolorised 
by boiling its solution in benzene with animal charcoal and sub- 
sequently washing the light brown crystals obtained from this 
slution with small quantities of acetone. From the product, a 
colourless distillate was obtained at above 300°/35 mm., which 
wlidified after some time. After crystallisation from a mixture of 
chloroform and alcohol, the crystals melted at 220—221° (Found : 
(= 92:13; H=6-15. Cy,Ho requires C = 93:97; H = 6-03 
per cent.). Repeated analyses gave the percentage of hydrogen 
between 5-95 and 6-15, but the percentage of carbon was always 
decidedly low—between 91-5 and 92-13. These results pointed to 
the product being tetraphenylethylene, m. p. 221° (Biltz, Annalen, 
1897, 296, 231). To confirm this supposition, 1-0096 grams were 
dissolved in 30 c.c. of carbon tetrachloride and brominated in 
sunlight by the addition of a solution of bromine in this solvent. 
The colour did not disappear at once on the addition of the bromine 
solution, indicating that the bromine derivative formed was a 
substitution, and not an additive, product. After removing the 
excess of bromine by a current of dry air and the solvent by 
evaporation, the residue weighed 2-0610 grams, the theoretical 
weight for C,,H,,Br, being 1-971 grams. It was redissolved in 
carbon tetrachloride and the colour removed by animal charcoal. 
The crystals obtained from carbon tetrachloride and alcohol were 
recrystallised from glacial acetic acid and dried in a desiccator 
over solid caustic potash. They then melted at 242—243° (Biltz, 
loc. cit., gives 248—249°) (Found: Br = 50-25 per cent.). The 
product is therefore undoubtedly tetra-p-bromotetraphenylethylene. 

Dibenzoxydiphenylmethane,—To the description of this substance 
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previously given (T., 1896, 69, 993) may be added the observation 
that when kept at a temperature of 220° for some time it dis. 
sociates into benzophenone and dibenzy] ether, the latter vaporising 
and condensing as a colourless liquid. The former, when seeded 
with a crystal of benzophenone, became crystalline and after 
drying on a porous tile melted at 48—49°. 
Dihydroxytetraphenylmethane—An experiment in which 188 
grams of phenol and 23-7 grams of benzophenone chloride were 
heated at 135—155° for twenty-five hours gave the theoretical 
loss in weight (7-3 grams) and a nearly quantitative yield of 
dihydroxytetraphenylmethane (compare T., 1901, 79, 1210). 
Dihydroxy-m-tolyldiphenylmethane.—m-Cresol (2 mols.) and benzo- 
phenone chloride (1 mol.) were mixed in a round-bottomed flask 
provided with a ground-in condenser tube terminated by a calcium 
chloride tube. Both these substances are viscid liquids and they 
do not mix freely with each other, so that occasional stirring was 
resorted to in order to increase the surface contact between them. 
Heating at 120° did not appear to hasten the evolution of hydrogen 
chloride, and even at the end of six weeks, during which the mixture 
was heated daily at the above temperature and under a pressure 
of 30 mm., gas was still being evolved. The dark red, gummy 
condensation product, which was very readily soluble in the ordinary 
organic solvents other than light petroleum, was dissolved in benzene 
and nearly decolorised by repeatedly boiling with fresh quantities 
of animal charcoal. After removing the benzene, the gummy 
residue was triturated with small quantities of light petroleum 
to remove the gum and then crystallised from warm light petroleum. 
The colourless crystals melted at 234° and were readily soluble 
in the ordinary organic solvents with the exception of light 
petroleum (Found: C = 84-94, 84-98; H = 6-47, 6-50. C,,H,,0, 
requires C = 85-22; H = 6-36 per cent.). 
Dihydroay-p-tolyldiphenylmethane.—To 9 grams of p-cresol were 
added drop by drop 10 grams of benzophenone chloride. A 
vigorous reaction took place with evolution of copious fumes of 
hydrogen chloride. The mixture was shaken frequently, and after 
three days it had set to a black solid, from which the occluded 
hydrogen chloride was removed by evacuation in a desiccator 
containing solid caustic potash. The solid was readily soluble in 
benzene, alcohol, or ether, but with difficulty in light petroleum. 
By repeatedly digesting its solution in benzene with fresh quantities 
of animal charcoal and removing the benzene, a nearly colourless 
product composed of crystals embedded in resinous matter was 
obtained. This product, which became dark green on exposure 
to the air, was triturated with small quantities of light petroleum 
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and then crystallised from a mixture of this solvent with ether. 
The colourless crystals melted sharply at 126° (Found : C = 85-45, 
95-50; H = 6-69, 6-58. C,,H,,0, requires C = 85-22; H = 6-36 
per cent.). 


The author desires to thank Mr. A. F. MacCulloch, M.A., B.Sc., 
for assistance in carrying out the preparation of the dihydroxy- 
tolyldiphenylmethanes. 
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CC1V.—Syntheses of Alkylidenecyanoacelic Acids and 
of Substituted Succinic Acids. Part I. Acids 
containing Aromatic Residues. 

By Artuur Larpwortn and JoHN ALEXANDER McRakr. 


Durie the course of investigations on the addition of hydrogen 
eyanide to unsaturated compounds it was found by one of us 
(P., 1904, 20, 245) that hydrogen cyanide readily forms additive 
compounds with alkylidenecyanoacetic acids forming products of 
the type R-CH(CN)-CH(CN)-CO,H, from which, on hydrolysis, 
alkylsuccinic acids could be prepared. The reactions involved 
were the following : 

(a) R-CHO + CH,(CN)-CO,K —> R-CH:C(CN)-CO,K + H,0. 

(b) R-CH:C(CN)-CO,K + KCN + H,O —~ 

R-CH(CN)-CH(CN)-CO,K + KOH. 

(c) R-CH(CN)-CH(CN)-CO,K + 3HCl + 4H,O0 — 

R-CH(CO,H)-CH,°CO,H + CO, + 2NH,Cl + KCI. 

The process did not differ in general principle from that employed 
by Bredt and Kallen (Annalen, 1896, 293, 350), who used (malonic) 
esters instead of the free acids, but has a great advantage in economy, 
as ethyl malonate is replaced by the inexpensive potassium cyano- 
acetate solution, which is made as required by mixing solutions of 
potassium chloroacetate and potassium cyanide under definite 
conditions (compare also this vol., p. 49 et seq.). 

The authors now find that the process gives excellent results in 
certain instances, although it is not so generally applicable as the 
very convenient process discovered by Higson and Thorpe (T., 1906, 
89, 1455). These workers start, however, from the costly ethyl 
cyanoacetate, the latter in the form of its sodium derivative being 
allowed to react with the cyanohydrins of aldehydes and ketones in 
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alcoholic solution. The present authors are of opinion that the 
superiority of this process is probably to be traced to the fact that 
unsaturated esters always react with cyanides much more readily 
than do the corresponding acids (compare this vol., p. 50). 

The results of a more detailed examination which is: in progress 
on the synthesis of «-substituted succinic acids are most readily 
dealt with in separate sections, and the present communication has 


of 20 per cent. aqueous sodium hydroxide. On shaking, the reaction 
sets in rapidly, the temperature rises to about 50°, and the contents 
of the flask become semi-solid. After an hour, hydrochloric acid is 
added in slight excess and the separated cyanophenylacrylic acid, 
mixed with some sodium chloride, is collected and washed with 
water, thoroughly dried in the air, and washed with a little cold 
benzene. (This washing with benzene is necessary, as for some 
reason which, in spite of many experiments on the subject, has not 
been satisfactorily accounted for, benzaldehyde is invariably present 


reference solely to cases where aldehydes containing aromatic nuclej (b' 
or unsaturated aliphatic residues were the starting points. obse 
(A).—Preparation and Properties of Alkylidenecyanoacetic Acids. “ 
Benzaldehyde, piperonal, anisaldehyde, and cinnamaldehyde § jpdj 
give good yields of the corresponding alkylidenecyanoacetic acids § ,ho 
when brought in contact with solutions of potassium (or sodium) § 4pjJ 
cyanoacetate. The use of pure cyanoacetate (Strebel, D.R.-P. J pyc 
108355; Haarmann and Reimer, ibid., 189252; Tiemann, Ber., § jn 1 
1898, 31, 3325) seems quite unnecessary. Lapworth (P., 1904, phe 
20, 245), in his syntheses of substituted succinic acids, used crude § yer 
potassium cyanoacetate made from chloroacetic acid, and later, § 4jd 
Clarke and Francis (Ber., 1911, 44, 273) made the intermediate Ex 
alkylidenecyanoacetic acids from potassium cyanoacetate prepared ev 
from the more expensive bromoacetic acid. When the crude 8 
cyanoacetates are used, however, it is desirable to employ conditions 85 
such as are described in the experimental section, otherwise the of 

products are liable to be contaminated with unchanged aldehyde 
and possibly also other impurities, and the yields of purified com- Pi 
pound are poor. 1 
(1) Preparation of «-Cyano-8-phenylacrylic Acid from Benzaldehyde dl 
and Crude Sodium Cyanoacetate——(a) A concentrated neutral h 
solution of mixed sodium and potassium cyanoacetate was made . 
from monochloroacetic acid and potassium cyanide by the method ¢ 
described by Phelps and Tillotson (Amer. J. Sci., 1908, [iv], 26, 267). ' 
To such a solution, made from 50 grams of monochloroacetic acid, F 
and occupying (after neutralisation, if necessary) about 200 c.c., 
there are added 45 grams of freshly distilled benzaldehyde and 20 c.c. ; 
i 
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in the crude product and, unless eliminated, renders subsequent 
purification difficult and attended with a fall in yield.) The crude 
yashed product, allowing for the content of sodium chloride, amounts 
to 80—90 per cent. of that theoretically possible and affords the 
pure acid without difficulty on recrystallisation from hot water, 
dilute alcohol, or hot benzene. The acid has the properties ascribed 
to it by Fiquet (Ann. Chim. Phys., 1893, [vi], 29, 433). 

() The following process was suggested by Knoevenagel’s 
observations on the application of amines in allied condensations, 
but is novel inasmuch as the catalyst is applied in aqueous solution. 

To the solution of crude sodium potassium cyanoacetate made as 
indicated above there are added enough hydrochloric acid to liberate 
about half the cyanoacetic acid present and then 18-6 grams of 
aniline hydrochloride, 25 c.c. of alcohol, and 48 grams of benzalde- 
hyde, and the whole is shaken continuously ; condensation proceeds 
in the cold and after the lapse of fifteen to twenty minutes cyano- 
phenylacrylic acid begins to separate. Agitation must now be 
very vigorous for five minutes to prevent localisation of the benz- 
aldehyde, and then the whole may be set aside for half an hour. 
Excess of hydrochloric acid may now be added, the precipitated 
eyanophenylacrylic acid collected by filtration, washed, and purified 
asabove. ‘The yield of crude product of 90—95 per cent. purity is 
85—90 per cent. of that theoretically obtainable from the quantity 
of benzaldehyde used. 

(2) Preparation of «-Cyano-$-piperonylacrylic Acid. — (a) 
Piperonal (26-3 grams; 0-18 mol.) was added to sodium—potassium 
cyanide solution (150 c.c.) made from 25 grams (0-25 mol.) of mono- 
chloroacetic acid and containing 20 c.c. of 20 per cent. sodium 
hydroxide and 20 c.c. of alcohol. On shaking vigorously, the 
mixture quickly becomes segni-solid owing to separation of sodium 
cyanopiperonylacrylate. The mixture, on acidification, gave cyano- 
piperonylacrylic acid, which was collected, washed with water, and, 
after air-drying, washed with benzene to remove unchanged 
piperonal. After two recrystallisations from alcohol, the acid 
melted at 228°; Bechert (J. pr. Chem., 1894, [ii], 50, 19), who made 
it by hydrolysis of its ethyl ester, gives the melting point as 230°. 
The yield of crude acid, calculated on the weight of piperonal used, 
was 95 per cent. of the theoretical quantity. 

(b) To a solution of 300 c.c. of potassium sodium cyanoacetate 
made from 50 grams (0-5 mol.) of monochloroacetic acid are added 
20 c.c. of hydrochloric acid (d 1:16), 18-9 grams of aniline hydro- 
chloride, 67-5 grams (0-45 mol.) of piperonal, and 50 c.c. of alcohol. 
A yellow colour develops at once, showing that action has begun, 
and on warming at 35—40° the solution begins to deposit cyano- 
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piperonylacrylic acid. On shaking vigorously for five minutes, the 
mixture presents the appearance of a semi-solid, yellow, crystalline 
mass. Excess of hydrochloric acid is added, and the precipitated 
cyanopiperonylacrylic acid is collected and purified as described 
above. The yield of material, after washing with benzene, js 
85—90 per cent. of the theoretical quantity calculated on the weight 
of piperonal used, and the product is pure enough for conversion 
into the hydrogen cyanide additive compound. 

(3) Preparation of «-Cyano-$-anisylacrylic Acid.—Anisaldehyde 
(27-2 grams; 0-20 mol.) was added to sodium—potassium cyano- 
acetate solution made from 25 grams (0-25 mol.) of monochloro- 
acetic acid and containing 20 c.c. of 20 per cent. sodium hydroxide 
and 20 c.c. of aleohol. On shaking, the mixture quickly became 
semi-solid. Cyanoanisylacrylic acid is obtained by adding hydro- 
chloric acid in excess. The crude acid is collected and purified as 
described for cyanopiperonylacrylic acid. The yield, calculated 
on the weight of anisaldehyde used, is 80—85 per cent. of the 
theoretical. After two recrystallisations from alcohol, the acid 
melted at 226° and had the properties ascribed to it by Bechert 
(J. pr. Chem., 1894, [ii], 50, 11). 

(4) Preparation of «-Cyano-$-styrylacrylic Acid—It is not 
advantageous in the preparation of this compound to use aniline 
hydrochloride as a catalyst, as a very large proportion of neutral 
product is then formed. The synthesis is readily carried out, 
however, by means of sodium hydroxide much as described for 
cyanophenylacrylic acid. The product has the properties ascribed 
to it by Fiquet (Ann. Chim. Phys., 1893, [vi], 29, 433; compare 
also Rinkes, Rec. trav. chim., 1920, 39, 200). 


(B).—Properties of «-Cyano-Q-arylacrylic Acids. 

During the course of this work, a few reactions of the cyano- 
arylacrylic acids have been noted which are worthy of mention. 

When «a-cyano-8-phenylacrylic acid is warmed with resorcinol 
and concentrated sulphuric acid at 150—200° for a few minutes, the 
mixture then cooled, treated with excess of sodium hydroxide, and 
poured into water, a pronounced green fluorescence is observed, 
which, however, is not nearly so intense as when phenylsuccinic acid 
is used. 

The cyano-group of cyanophenylacrylic acid is very resistant 
to hydrolysis by acids and remains unaffected when the substance 
is dissolved in concentrated sulphuric acid or fuming hydrochloric 
acid. 

The additive compounds of the cyanoarylacrylic acids are 
interesting. The acids dissolve fairly freely in strong sodium 
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hydrogen sulphite solution, and this must be due to addition 
at the ethylenic linking with formation of salts of the type 
X-CH(SO,Na)-CH(CN)-CO,Na, for, at the concentrations used, 
the free alkylidenecyanoacetic acids and their sodium salts are 
oly partly dissolved by water. Unlike most of the hydrogen 
sulphite additive products obtained by Knoevenagel and Lange 
(Ber., 1904, 37, 4059, 4069) from aliphatic alkylidenemalonic esters, 
these compounds are capable of reconversion into their constituents ; 
for example, if the solution of cyanophenylacrylic acid in sodium 
hydrogen sulphite solution is made alkaline with excess of sodium 
hydroxide, the sodium salt of cyanophenylacrylic acid is preci- 
pitated; again, if that solution is rendered only slightly alkaline 
so that. no sodium salt is precipitated, addition of hydrochloric 
acid then results in the deposition of cyanophenylacrylic acid. 
Owing to such properties of these additive compounds it is possible 
to prepare cyanophenylacrylic acid in satisfactory yield by bringing 
together benzaldehyde sodium hydrogen sulphite, and sodium 
cyanoacetate in presence of sufficient alkali to decompose the former 
compound. 

As cyanopiperonylacrylic acid is yellow and its sodium salt 
colourless and sparingly soluble, whilst their additive products 
with sodium hydrogen sulphite are usually much more soluble, the 
conditions under which additive compounds are formed and dis- 
sciated respectively are very readily traced; this acid reacts 
less rapidly both with bisulphite and with potassium cyanide than 
does cyanophenylacrylic acid, but much more rapidly than does 
yanostyrylacrylic acid. The possibilities of exchange of the 
ements of sodium hydrogen sulphite for those of hydrogen cyanide 
have not yet been fully explored. 

Cyanophenylacrylic acid appears to form very readily an additive 
compound, probably C,H,;-CH(NH,)-CH(CN)-CO,H, with ammonia, 
as it dissolves very freely in aqueous ammonia and is not repreci- 
pitated on addition of excess of mineral acid. If, on the other 
hind, this ammoniacal solution is made strongly alkaline with 
excess of sodium hydroxide, sodium cyanophenylacrylate separates 
in the solid form and then, for the first time, the subsequent addition 
of mineral acid precipitates cyanophenylacrylic acid. Similar 
ractions are noted with cyanopiperonylacrylic acid. 


(C.)\—Addition of the Elements of Hydrogen Cyanide to Alkylidene- 
cyanoacetic Acids containing Aromatic Nuclet. 

This addition takes place in presence of a considerable excess 

of potassium cyanide, and in agreement with the kinetic measure- 

ments made by W. J. Jones (T., 1914, 105, 1547), it was found that 
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the unsaturated acid made from piperonal reacts much more slowly 
than does that from benzaldehyde, the process being rendered stil) 
more troublesome by the sparing solubilities of the salts of the acid: 
under suitable conditions, however, and especially if the ammoniun 
salt of the unsaturated acid is used, good yields of the required 
products are obtained. Cyanostyrylacrylic acid, in similar cir. 
cumstances, did not appear to react, and this was quite in accordance 
with the low additive capacity of ethyl cinnamylidenemalonate 
(Thiele and Meisenheimer, Annalen, 1899, 306, 247). 

The properties of the dicyano-acids which represent the initial 
products of this additive process are not attractive, and the acids 
were not isolated as such, especially as it was found more satis. 
factory to effect partial or complete hydrolysis of these products 
as in the next step. 

Details of the modes in which conversion of the products into 
substituted succinic acids may be effected are given in the following 
sections, where there will also be found descriptions of the various 
products obtained during the course of the work. 

(1) Addition of Hydrogen Cyanide to «-Cyano-8-phenylacrylic Acid, 
and Preparation of Phenylsuccinic Acid.—(a) Finely powdered 
cyanophenylacrylic acid (17-3 grams), suspended in 160 c.c. or 
more of water, is dissolved by the very gradual addition of 10 per 
cent. sodium hydroxide solution. The acid goes into solution 
slowly, but it is not advisable to attempt to hasten the process by 
warming on account of the sensitiveness of the acid to hot alkali. 
To this neutral solution of sodium phenylacrylate there is added a 
solution made by mixing potassium cyanide (20-9 grams) in water 
(60 c.c.) with acetic acid (10-4 grams) in water (20 c.c.). A preci- 
pitate of sodium (or potassium) cyanophenylacrylate usually 
appears at first, but ultimately dissolves and after twenty-four 
hours the reaction is complete. 

The conversion of the additive product into phenylsuccinic acid 
may be effected in a variety of ways, of which the following gave 
the best results. 

The solution obtained as above is treated with hydrochloric acid 
until it is nearly but not quite acid towards Congo-red, and the 
resulting turbidity is removed by repeated filtration. The clear 
liquid is now mixed with a large excess of hydrochloric acid, and a 
rapid current of air is then passed through it. An oil makes its 
appearance, but this soon begins to deposit crystals and ultimately 
solidifies. After about forty-eight hours’ continuous aspiration, 
no further deposition takes place, and the material may be collected ; 
in quantity, it approaches 85 per cent. of that theoretically possible. 

Agitation of the solution by means of a mechanical stirrer did 
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not lead to the same satisfactory results as were obtained by the 
aspiration process described. 

The crude crystalline product * is covered with ten times its 
weight of hydrochloric acid saturated at 0°. The whole is placed 
in the ice-chest over-night, then warmed gently on the sand-bath 
until the greater part of the excess dissolved gas is expelled, and 
finally heated more vigorously until the evolution of carbon dioxide 
ceases and the liquid boils with bumping. The solution is then 
diluted to about 250 c.c., boiled for a short time with the addition 
of animal charcoal, and filtered; on cooling, pure phenylsuccinic 
acid erystallises out and a small further quantity is obtained by 
evaporating the mother-liquor to half its volume. The yield is 
almost quantitative. The over-all yield calculated from the weight 
of benzaldehyde used is about 65—70 per cent. of the theoretical. 
The identity of the acid was established, after a second recrystallis- 


reek ation by its melting point (167°) and by titration with NV’ /10-sodium 
ra hydroxide (Found: equiv. = 97. A dibasic acid, CygN 4904, 
3 


requires equiv. = 97). 


* This product appears to be a mixture of two or more compounds which 
have not been separated owing to the difficulty experienced in finding a suit- 
able solvent for recrystallisation. It dissolved readily in hot water, acetic 
acid, and in hot methyl alcohol, but did not separate from the resulting 
solutions until most of the solvent had evaporated. It was nearly insoluble 
in petroleum or benzene. 

A sample prepared by extracting the crude crystalline material with hot 
amyl alcohol presented under the microscope the appearance of a homo- 
geneous material consisting of prismatic needles and it melted and decom- 
posed sharply at 189° (Found: C =-60-4; H = 46; N = 14-4 per cent. 
Equivalent = 218). These numbers indicate conversion of one —CN group 
in the dieyano-acid which is the first additive product into CO-NH,, and the 
substance is probably mainly the acid, CHPh(CO-NH,)-CH(CN)-CO,H 
(Cale., C = 60-6; H = 4-6; N = 12-9 per cent. Equivalent = 218), but 
perhaps, judging by the high number for nitrogen, contaminated with some 
of the unaltered dicyano-acid, CHPh(CN)-CH(CN)-CO,H. The compound 


‘id readily lost carbon dioxide when heated at its melting point, and its solution 
ve in aqueous sodium bicarbonate decolorised permanganate almost instan- 
taneously. The latter property is a somewhat singular one in a saturated 
; acid, but is not infrequent in monosubstituted cyanoacetic acids; and it is 
id for this reason that the constitution above suggested is preferred to the 
1€ alternative one. 
ar +t No other method of hydrolysis tried was found so satisfactory as the 
a above somewhat complicated one. On hydrolysis of the original additive 
. product with sodium hydroxide, the last traces of ammonia were driven off only 
on prolonged boiling; in this case the product is a mixture of phenylsuccinic 
y acid and a-carboxy-8-phenylsuccinic acid, and to obtain a homogeneous 


product it was found necessary to heat it to 180°, at which temperature carbon 
dioxide is readily lost by the carboxy-derivative (Alexander, Annalen, 1890, 
258, 67). The calcium salts of these two acids are too soluble to be of much 
use in isolating the acids. 
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Preparation of Phenylsuccinic acid directly from Benzaldehyde, 
Sodium Cyanoacetate, and Potassium Cyanide.—Experiments showed 
that the conditions requisite for good yields of phenylsuccinic acid 
are the maintenance of a very slight alkalinity during the addition 
of hydrogen cyanide, low concentrations, and a small excess of 
potassium cyanide, and the following direct process is based on 
these observations. 

Benzaldehyde (10-6 grams = 1 mol.) was condensed with the 
sodium cyanoacetate made from 10 grams of monochloroacetic acid 
(volume = 280 c.c.) by the addition of 3 c.c. of 20 per cent. sodium 
hydroxide solution. At this dilution the sodium cyanophenyl. 
acrylate remained in solution. The solution was extracted with 
ether to remove any unchanged benzaldehyde (U-6 gram), and then, 
after neutralising the alkali, 9-8 grams (1-4 mols.) of potassium 
cyanide dissolved in 40 c.c. of water, and 10-3 grams (1 mol.) of 
phenol were added. A small amount of sodium cyanophenylacrylate 
separated, but this redissolved after a short time. After standing 
for twenty-four hours, the solution was made just acid to litmus 
with hydrochloric acid, and the phenol extracted with ether. The 
solution was then made barely acid to Congo-red, and the turbidity 
produced removed by filtering after addition of animal charcoal 
and shaking. On acidifying strongly, an oil was precipitated which 
was hydrolysed by means of fuming hydrochloric acid to phenyl- 
succinic acid. A further quantity of this acid was obtained by 
evaporating the mother-liquor to dryness, hydrolysing with fuming 
hydrochloric acid, again evaporating to dryness, and extracting 
the residue with acetone. The total weight of phenylsuccinic acid 
obtained was 11-6 grams, a yield of 69 per cent. calculated on the 

net weight of benzaldehyde used.* 

Time has not permitted of the working out of a satisfactory 
process on similar lines for the more difficult operation of preparing 
piperonylsuccinic acid directly from piperonal. 

On shaking together benzaldehyde and sodium cyanoacetate with 
a little sodium hydroxide until the reaction as previously described 
took place, neutralising the alkali, and adding potassium cyanide 
solution containing some free hydrogen cyanide, the resulting 
product, under certain conditions, was a tarry oil, from which no 
phenylsuccinic acid could be obtained. In one experiment there 


was isolated from the oily reaction product, obtained by the acidifi- 
ae 


*henol was used in this and other experiments as a means of controlling 
the alkalinity of the solution; unlike more powerful acids, it has little 
tendency to expel hydrogen cyanide from its salts, but converts free potassium 
hydroxide into the slightly alkaline potassium phenoxide. It is therefore @ 
convenient “ buffer’ compound for this and many other hydrogen cyanide 
additive processes, 
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cation of the foregoing mixture, a crystalline acid, forming prisms 
melting and decomposing at 167° (Found: C = 72:3; H = 5-5; 
N= 12-4; equiv. = 331. Cy 9H,,0,N, requires C = 72-2; H =5-1; 
N = 12-7 per cent.; equiv. = 331). Anexamination of this formula 
leads to the opinion that the substance has been formed from the 
interaction of two molecules of benzaldehyde, two of cyanoacetic 
acid, and one of hydrogen cyanide with loss of one molecule of 
carbon dioxide. 

The substance is readily soluble in ethyl or methyl alcohol, 
moderately soluble in acetone, and sparingly soluble in ether, 
benzene, or light petroleum. On boiling with sodium hydroxide, 
ammonia is quickly evolved, but the products of hydrolysis have 
not been closely examined. 

(2) Addition of Hydrogen Cyanide to «-Cyano-f-piperonylacrylic 
Acid. Preparation of Piperonylsuccinic Acid, 

i TE r ( 

cH, <0 ro CH,°CO,H. 

NY 
The addition of hydrogen cyanide to cyanopiperonylacrylic acid 
takes place, as Jones showed, with one-eighth the speed of the 
reaction when eyanophenylacrylic acid is used at the same dilution. 
Further, on account of the relatively small solubility of sodiam 
eyanopiperonylacrylate, it is better to work with dilute solutions. 
On the other hand, as the acid or its sodium salt is not very sensitive 
to small concentrations of alkali, the solution in this case may be 
warmed very gently to accelerate the addition. The isolation of 
the additive product was a simple matter, but as its hydrolysis with 
fuming hydrochloric acid led to carbonisation, doubtless due to 
the sensitive methylenedioxy-group, the alternative, slower alkaline 
hydrolysis, had to be used. 

(a) #-Cyano-8-piperonylacrylic acid (21-7 grams), suspended in 
700 c.c. of water (temperature 40°), was dissolved by the addition, 
in small quantities, of a N-sodium hydroxide, avoiding much excess 
of alkali at any time. With this solution there was mixed a solution 
made by dissolving 10-5 grams (1-5 mol.) of potassium cyanide in 
40 c.c. of water and adding to it 20 grams (1-1 mol.) of glacial acetic 
acid in 10 e.c. of water. A heavy precipitate of sodium (or potassium) 
eyanopiperonylacrylate was thrown down, which redissolved very 
slowly, its rate of solution being a rough measure of the speed of 
the hydrogen cyanide addition. The mixture, in a stoppered 
flask, was kept at about 40° for about eight days until all the: 
precipitated salt had redissolved. The solution was made almost 
acid to Congo-red, and the tarry deposit separated. After adding 
an excess of hydrochloric acid, a turbidity was produced, which 
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on aspirating collected as a heavy oil. Continued aspiration causeg 
this oil to become semi-solid, but did not bring about any furthe 
precipitation. The main portion of the additive product was 
obtained by evaporation on the water-bath until crystallisation 
began. As the product showed a marked tendency to form super. 
saturated solutions from which it was not easy to prepare the pure 
crystalline material, it was hydrolysed directly to piperonylsuccinic 
acid. The yield of crude product was about 75 per cent. of the 
theoretica].* 

(6) The additive product just described was dissolved in 20 per 
cent. sodium hydroxide and boiled until evolution of ammonia 
ceased. This proved to be a rather lengthy proceeding. The 
solution was then acidified and boiled for some time with animal 
charcoal. From this solution, after filtering hot, a mixture of 
piperonylsuccinie acid and its carboxy-derivative crystallised on 
cooling, a further portion being secured by extraction of the mother. 
liquor with ether. The mixture was converted into piperonyl- 
succinic acid by heating in an oil-bath at 210—220° until evolution 
of carbon dioxide ceased. The product was dissolved in sodium 
hydroxide solution, precipitated by means of hydrochloric acid, 
redissolved by boiling with water, and again heated with animal 
charcoal. From this hot solution, after filtration, piperonylsuccinic 
acid separated, on cooling, in fine needles. After several recrystallis- 
ations from hot water, it melted constantly at 211°. The yield 
was 80—85 per cent. of the theoretical amount (Found : C = 55-4; 
H=4-1; equiv.= 118. C,,H,,0O, requires C = 55-4; H=42 
per cent.; equiv. = 119). 

Piperonylsuccinic acid is readily soluble in methyl alcohol, ethyl 
alcohol, acetone, or acetic acid. It is soluble with difficulty in 
benzene, more readily soluble in hot benzene, and is almost insoluble 
in light petroleum. From a moderately strong solution of the sodium 
salt the calcium salt is precipitated on boiling after the addition of 
calcium chloride. The acid, when boiled with concentrated hydro- 
chlorie acid, does not exhibit the tendency to carbonise which is 
characteristic of the hydrogen cyanide additive product from 
which it is made, but with concentrated sulphuric acid it instantly 
darkens, showing that the methylenedioxy-group is attacked. 

(3) Attempted Addition of Hydrogen Cyanide to «-Cyano-$-styryl- 
acrylic Acid.—Thiele and Meisenheimer (Annalen, 1899, 306, 247) 
obtained by the action of potassium cyanide on ethyl cinnamyl- 


* It has recently been found that if the ammonium salt of the unsaturated 
acid is used in the first instance, more concentrated solutions may be made, 
addition of hydrogen cyanide is accelerated, and the yield of piperonyl!succinic 
acid improved. 
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idenemalonate, CHPh:CH-CH:C(CO,Et),, a product from the 
hydrolysis of which they isolated only styrylsuccinic acid and that 
to the extent of only 13 per eent.; addition had taken place in the 
1:2- and apparently not at all in the expected 1 : 4-positions. 
Hinrichsen (Annalen, 1904, 336, 323) endeavoured, without 
favourable result, to bring about the addition of hydrogen cyanide, 
and of other substances which enter into additive reactions with 
substances containing ethylenic linkings, to cyanostyrylacrylic acid, 
its ethyl ester, and cinnamylidenemalononitrile respectively; no 
details of the experiments were given, but it was stated that a 
variety of conditions were employed. It is thus evident that a 
substance containing conjugated double linkings, with one of the 
double linkings in the «f-position, reacts with hydrogen cyanide, if 
at all, very much more slowly than does a substance with the «6- 
double linking only. In view of the results of Thiele and 
Meisenheimer, and of the fact that the free acids are always less 
reactive than their esters, it is not surprising that the present 
authors were unsuccessful in bringing about the union of hydrogen 
cyanide and cyanostyrylacrylic acid. 

In concluding this section, it may be mentioned that a number of 
experiments were made in the hope of effecting addition of the 
edements of hydrogen cyanide to citronellylidenecyanoacetic acid. 
It was clear, however, that not only does the condensation of 
citronellal with sodium cyanoacetate give a very mixed product 
and poor yields of the required unsaturated acid (compare Tiemann, 
Ber., 1899, 32, 824), but that the conversion of the latter is attended 


with unusual difficulties. 


An Improved Process for Preparing s-Diphenylsuccinic Acid. 
The steps involved in the process used are the following : 
(a) C,H,-CHO + CH,(CN)-C,H,; —> C,H;°CH:C(CN)-C,H;. 
(b) CgH,-CH:C(CN)-C,H,; + HCN — 
C,H,-CH(CN)-CH(CN)-C,H;. 
(c) CsH,-CH(CN)-CH(CN)-C,H,; + 2H,O —> 
C,H,;*CH(CO-NH,)-CH(CO-NH,)-C,H;. 
(d) C,H,-CH(CO-NH,)-CH(CO-NH,)-C,H; + 2H,O —> 
C,H,;-CH(CO,H)-CH(CO,H)-C,H;. 
No one of these is new in principle, but the processes (5), (c), and (d) 
have now been either simplified in technique or improved as to 


yield. 
Step (a), the condensation of benzaldehyde with benzyl cyanide, 
has already been elaborated by Walther (J. pr. Chem., 1896, [ii], 


53, 454) to afford practically quantitative yields. 
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Step (4), the conversion of «-phenylcinnamonitrile into s-diphenyl. 
succinonitrile, is essentially that first used by one of us (T., 1903, 
83, 995), but has been modified as follows. 

a-Phenylcinnamonitrile (20-5 grams) is dissolved in 600 c.c. of 
90 per cent. ethyl aleohol by warming at 40—50°. A solution of 
27-4 grams (2-5 mols.) of potassium cyanide in 80 c.c. of water js 
then added and the temperature of the whole maintained at 40—50’, 
Crystals of the sparingly soluble diphenylsuccinonitrile begin to 
separate slowly in the course of thirty minutes. At the end of an 
hour a solution of 12 grams of acetic acid in 50 c.c. of water is intro. 
duced gradually at the bottom of the solution by means of a thistle. 
funnel drawn out to a small aperture. The mixture is then kept 
at room temperature for twenty-four hours. The crystalline 
diphenylsuccinonitrile is separated, pressed thoroughly, and washed 
twice with small quantities of ether to remove any unchanged 
«-phenyleinnamonitrile. ‘The weight obtained is 21-3 grams (87 per 
cent. of the calculated). (A further small quantity can be obtained 
by diluting the mother-liquor, but the material thus obtained is 
much more impure.) The diphenylsuccinonitrile obtained in this 
way is pure enough for conversion into the corresponding acid. 
A portion, recrystallised from hot acetic acid, had a melting-point 

of 225° and therefore was the mixture of the stereoisomeric «- and 
6-forms as noted by Chalanay and Knoevenagel (Ber., 1892, 25, 
1892) and by Lapworth (loc. cit.). Chalanay and Knoevenagel 
have shown that in the hydrolysis of this mixture with hydrochloric 
acid, only mesodiphenylsuccinic acid is produced. Instead of using 
acetic acid to reduce the alkalinity of the solution, phenol dissolved 
in alcohol may be used yey well, but not, apparently, hydro- 
chloric acid. 

Step (c).—The hydrolysis of s-diphenylsuccinonitrile to s-diphenyl- 
succindiamide can be effected with excellent results as follows. 
[The direct conversion of the nitrile into the acid by the use of con- 
centrated hydrochloric acid in sealed tubes at 200°, recommended 
by Reimer (Ber., 1881, 14, 1802) and since applied by numerous 
workers, is not convenient for large quantities. ] 

Hydrolysis of s-Diphenylsuccinonitrile to s-Diphenylsuccindiamide. 
—Diphenylsuccinonitrile is dissolved in fifteen to twenty times its 
weight of 90 per cent. sulphuric acid by warming on the water- 
bath and the solution, after standing a few hours, is diluted slowly 
with water until no further precipitate is produced, the volume 
necessary being about five-fourths that of the sulphuric acid taken. 
The precipitate produced is of a fine, crystalline character, but if 
the sulphuric acid solution is poured into water or if much more 
water is added than scems to be necessary for complete precipitation, 
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a slimy precipitate separates which can be filtered only with much 
difficulty. ‘The precipitated amide is collected, washed with water, 
and then with dilute sodium carbonate solution to remove any 
diphenylsuccinic acid, and finally with water. The yield is about 
85 per cent. of the calculated, the remaining 15 per cent. representing 
presumably the amount hydrolysed to the acid.* 

Step (d).—The conversion of s-diphenylsuccindiamide into 
sdiphenylsuccinic acid is most readily carried out by a method 
which in principle was first used by Claus (Annalen, 1891, 266, 
283), namely, by heating with 50—70 per cent. sulphuric acid; it 
js important that the latter concentration should not be exceeded, 
otherwise the acid is partly converted into diphenesuccindone 
(Reimer, Ber., 1881, 14, 1802; Rosen, Annalen, 1888, 247, 152). 

A clear solution is made by warming diphenylsuccindiamide on 
the steam-bath with fifteen to twenty times its weight of 90 per cent. 
silphuric acid. (It is simple to obtain this solution directly from 
the nitrile; in this case diphenylsuccinonitrile is merely dissolved in 
fifteen to twenty times its weight of 90 per cent. sulphuric acid and 
kept for twelve hours.) The whole is cooled and water cautiously 
added until the precipitate just ceases to be redissolved on shaking 
even when the temperature is raised to that of the steam-bath. 
The whole is now heated at 120—125°. The solution, initially 
cear, begins to deposit diphenylsuccinic acid after a short time, 
and after about five hours hydrolysis is complete ; but the operation 
should be prolonged until a test portion forms a clear solution in 
excess of dilute alkali, when the whole may be cooled and diluted 
sowly until no further precipitation takes place. The precipitate 
is collected, dissolved in dilute alkali, and the solution filtered and 
acidified. The yield of acid thus obtained is nearly quantitative. 

Recrystallisation of this acid is not easy owing to its sparing 
solubility in most solvents, but ethyl or amyl alcohol may be used 
for this purpose. The crude acid may simply be boiled with acetic 

* The diphenylsuccindiamide. was recrystallised several times from hot 
glacial acetic acid, in which it is not very freely soluble. Under the micro- 
seope it is apparently a single substance, only one of the stereoisomerides 
bing present. It is reasonable to conclude that it is the meso-form which 
is present, since by the hydrolysis of the mixture of a- and B-, or r- and meso- 
diphenylsuccinonitriles by means of hydrochloric acid only 8- or meso-dipheny]- 
succinic acid is produced. Further, by the prolonged heating of the mixture 
of a- and 8-diphenylsuccinonitriles with glacial acetic acid, apparently the 
«form changes into the 8-form (Found: N = 10-34. Cale., N = 10-45 per 
cent. ). 

ssclidishaniiiiaiaii erystallises in microscopic, hexagonal prisms, 
which soften at 295° and melt at 310°. I+ is insoluble in benzene, light 
petroleum, or ether, very slightly soluble in acetone or ethyl alcohol, slightly 
soluble in cold acetic acid, and more so in hot acetic acid. 
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acid, which removes traces of coloured materials always present, 
and the substance is then pure enough for most purposes. A sample 
of the acid recrystallised from hot ethyl alcohol melted at 229° 
showing that it was the meso-variety, and the identity of the acid 
was confirmed by titration.* 

meso-Diphenylsuccinic anhydride (Tillmanns, Annalen, 1890, 
258, 87; Anschiitz and Bendix, ibid., 1890, 259, 6; Wren and Stil], 
T., 1915, 107, 1449), heated at 150—175° with resorcinol and 
powdered zine chloride, reacts to give a melt which dissolves in 
dilute sodium hydroxide, giving an orange-red solution with intense 
green fluorescence. When m-diethylaminophenol is used in place 
of resorcinol, a substance of the rhodamine type is produced, as 
shown when the melt is treated with alcohol, a red solution with 
brown fluorescence being obtained, but secondary decompositions 
seem to occur very readily, possibly due to the formation of 
diphenesuccindone derivatives. 

‘TH Dh. 

8-Diphenylsuccinimide, PL co>NH.—The dry ammonium 
salt of diphenylsuccinic acid was heated under reduced pressure, 
when crude diphenylsuccinimide passed ove: at 170—230°/13 mm. 
and was recrystallised several times from hot benzene. _ It erystallises 
in minute needles which soften at 194° and melt at 198° (Found: 
N = 5-6. C,gH,,0,N requires N = 5-6 per cent.). 

The substance is readily soluble in alcohol, ether, acetic acid, 
or acetone, sparingly soluble in cold benzene, more soluble in hot, 
and very slightly soluble in light petroleum. 


The authors’ thanks are due to the Canadian Honorary Advisory 
Council for Scientific and Industrial Research for the grant of a 
fellowship to one of us (J. A. M.) which enabled him to take part in 
this work. 


OrGANIC CHEMICAL LABORATORIES, 
THe UNIVERSITY, MANCHESTER. [Received, July 18th, 1922.] 


* Other methods of conversion of the diamide into the acid were tried, 
such as those depending on treatment in strong sulphuric acid solution with 
sodium nitrite (Bouveault, Bull. Soc. chim., 1892, [iii], 9, 368; Sudborough, 
T., 1895, 67, 601), or, better, with a stream of methyl nitrite. The results 
were not unpromising, but as much inconvenience arose from frothing of the 
solutions on dilution and as the same result was more simply achieved as 
above, these methods were not fully worked out. 
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CCV.—N-Oximino-ethers. Part II. N-Aryl Ethers of 
2:4- and 2: 6-Dinitrobenzaldoximes. 


By Frep Barrow, Evan DALTON GRIFFITHS, and 
Epwarp BLoom. 


Ix Part I of this investigation (Barrow and Griffiths, T., 1921, 119, 
912) it has been shown that p-nitrobenzyl chloride readily condenses 
with nitrosobenzene and its derivatives, in the presence of alcoholic 
potassium hydroxide, yielding N-aryl ethers of p-nitrobenzald- 
oxime. The investigation has been extended by the authors to 
other nitro-substituted benzyl haloids, and, in the present com- 
munication, the behaviour of 2 : 4- and 2 : 6-dinitrobenzyl chlorides 
is described. 

The condensation of aromatic nitroso-compounds with 2: 4- 
dinitrobenzyl chloride, under the influence of alcoholic potassium 
hydroxide, proceeds even more readily than is the case with p-nitro- 
benzyl chloride, yielding N-aryl ethers of 2 : 4-dinitrobenzaldoxime : 


(,H,(NO,).*CH,Cl + NR:O = HCl + C,H,(NO,).°CH:NR:0. 


That these condensation products possess the constitution of 
Y-oximino-ethers has been established by an examination of the 
behaviour of the N-phenyl ether, prepared from 2 : 4-dinitrobenzyl 
chloride and nitrosobenzene, toward hydrochloric acid. 

On treatment with hydrochloric acid in acetic acid solution 
the N-phenyl ether is converted at the ordinary temperature into 
2:4-dinitrobenzanilide, 2: 4-dinitrobenzaldehyde, and _p-chloro- 
aniline. The last two compounds are produced by the normal 
hydrolysis of the oximino-ether to the aldehyde and §-phenyl- 
hydroxylamine, the latter being subsequently transformed, by the 
further action of the hydrochloric acid, into p-chloroaniline : 
(,H,(NO,)-CH:NPh:O0 —> C,H,(NO,).°CHO + C,H,;-NH-OH — 

C,H,Cl-NH3. 
The simultaneous formation of 2 : 4-dinitrobenzanilide is evidently 
due to the oximino-ether undergoing the Beckmann transformation 
under the influence of the hydrochloric acid. 

In the case of 2 : 6-dinitrobenzyl bromide, the condensation with 
titroso-compounds is best effected by means of sodium ethoxide 
in anhydrous alcoholic solution. The resulting 2 : 6-dinitro- 
benzaldoxime-N-aryl ethers are unstable in the presence of aqueous 
alkalis and therefore cannot be obtained in a crystalline condition 
if the condensation is carried out by means of alcoholic potassium 
hydroxide in the usual manner. 

VOL, CXXI. 30 
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2 : 4-Dinitrobenzaldoxime-N-phenyl Ether, CgH3(NO,).°CH:NPh‘0, 
—Equimolecular proportions of nitrosobenzene (5-5 grams) and 
2:4-dinitrobenzyl chloride (10-9 grams), prepared by Escales’s 
method (Ber., 1904, 37, 3599), were dissolved in alcohol (125 c.c.), 
and to the solution was added slightly more than the theoretical 
amount of potassium hydroxide (2-8 grams), dissolved in methy| 
alcohol (20 c.c.). On the addition of the alkali, the colour of the 
solution at once changed from green to reddish-brown, and the 
oximino-ether separated as a yellowish-brown powder. After 
remaining for one hour, this was filtered, freed from potassium 
chloride by washing with water, and crystallised from alcohol, 
the yield being 10-7 grams. 

2 : 4-Dinitrobenzaldoxime-N-phenyl ether crystallises in lustrous, 
slender, pale yellow needles, which melt at 149° (Found : C = 54-43; 
H = 3-22; N = 14°83. (C,,H,O;N, requires C = 54:35; H = 3-14; 
N = 14-63 per cent.). It is very readily soluble in chloroform, 
moderately soluble in alcohol or benzene, and almost insoluble in 
ether or light petroleum. 

Hydrolysis —Four grams of the N-phenyl ether, dissolved in 
glacial acetic acid (30 c.c.), were treated with 15 c.c. of concentrated 
hydrochloric acid, diluted with an equal volume of water. After 
remaining for one hour, the mixture was cooled in ice, the yellow 
solid, which separated, was removed, and the filtrate diluted with 
water and extracted several times with ether. On evaporation, 
the ethereal solution gave a red oil, which was decolorised by 
boiling with charcoal in alcoholic solution. It then readily crystal- 
lised, melted at 81°, and was identified as 2 : 4-dinitrobenzaldehyde. 
The solution, from which the 2: 4-dinitrobenzaldehyde had been 
separated, was rendered alkaline by the addition of sodium hydr- 
oxide; the p-chloroaniline thus liberated was extracted with 
ether and its identity established by conversion into the acetyl 
derivative, melting at 175°. The yellow solid, which separated 
from the acetic acid solution during the hydrolysis of the N-phenyl 
ether, crystallised from alcohol in long, slender, straw-coloured 
needles, melting at 193°, and consisted of 2 : 4-dinitrobenzanilide 
(Found: C = 542; H=3-23; N= 15-07. C,,H,O;N, requires 
C = 54:35; H = 3-14; N = 14-63 per cent.). 

For the purpose of comparison, the anilide was prepared directly 
from 2: 4-dinitrobenzoyl chloride and a slight excess of aniline. 
After crystallisation from alcohol, it melted at 193° and was 
identical with that obtained above. 

Condensation of 2: 4-Dinitrobenzaldehyde and §-Phenylhydroxyl- 
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amine.—Equimolecular proportions of the two components were 
heated in alcoholic solution for half an hour on the water-bath. 
The solid, which separated, crystallised from alcohol in slender, 
yellow needles melting at 150°, and was identical with the N-phenyl 
ether obtained by the condensation of 2 : 4-dinitrobenzyl chloride 
and nitrosobenzene. 

2: 4-Dinitrobenzaldoxime-N-p-tolyl Ether, 

C,H,(NO,).°CH:NO-C,H,Me. 
_This was prepared by the gradual addition of the theoretical 
amount of methyl-alcoholic potassium hydroxide (1-1 grams in 
8¢.c.) to an alcoholic solution (85 c.c.) of 2 : 4-dinitrobenzyl chloride 
(435 grams) and p-nitrosotoluene (2-7 grams). Excess of potassium 
hydroxide must be avoided, otherwise a very impure, dark coloured 
product will be obtained. 

The oximino-ether separated as a greenish-yellow powder, which 
was washed with water and crystallised from alcohol. It forms 
golden, silky needles melting at 167°, and is readily soluble in 
chloroform, less soluble in benzene or alcohol, and only very spar- 
ingly soluble in ether or light petroleum (Found C = 55-74; 
H=351; N=14-05. C,,H,,0;N, requires C = 55-81; H= 
365; N = 13-95 per cent.). 

2: 4-Dinitrobenzaldoxime-N-o-tolyl ether, prepared in a similar 
manner from o-nitrosotoluene, crystallises from alcohol in pale 
yellow leaflets melting at 225° (Found: N = 14-02. C,,H,,0;N, 
requires N = 13-95 per cent.). 

2: 4-Dinitrobenzaldoxime-N-p-dimethylaminophenyl Ether, 

C,H,(NO,).°CH:NO-C,H,*NMe,. 
—):4-Dinitrobenzyl chloride (10-9 grams) and p-nitrosodimethyl- 
aniline (7-5 grams) were dissolved in alcohol (150 c.c.) and the 
condensation effected in the usual manner by the addition of methyl- 
alcoholic potassium hydroxide (2-8 grams in 21 c.c.). The oximino- 
ether that separated was washed with water to remove potassium 
chloride, and crystallised from a mixture of equal parts of alcohol 
ad pyridine. It forms small, dark red needles melting at 194° 
and is only slightly soluble in alcohol, moderately soluble in benzene, 
very readily soluble in pyridine or chloroform, and almost insoluble 
in ether or light petroleum (Found: N = 16-63. C,;H,,0;N, 
requires 16-96 per cent.). The yield amounted to 90 per cent. of 
the theoretical. 

The corresponding N-p-diethylaminophenyl ether, 

C,H,(NO,).°CH:NO-C,H,-NEt,, 
vas prepared from p-nitrosodiethylaniline and purified in the same 
manner. It crystallises in small, very dark red leaflets, which melt 


at 177° with decomposition, and have about the same solubility 
302 
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in the common solvents as the dimethylaminophenyl ether (Found: 
N = 15-67. C,,H,,0;N, requires N = 15-64 per cent.). 

2 : 4-Dinitrobenzaldoxime-N-p-methylaminophenyl Ether, 

C,H,(NO,).°CH:NO-C,H,-NHMe. 

—This was obtained in almost theoretical yield by the condensation 
of p-nitrosomethylaniline and 2: 4-dinitrobenzyl chloride. | 
crystallises from a mixture of equal parts of pyridine and alcohol 
in small, chocolate-red needles, melting at 189°, and is only slightly 
soluble in alcohol, more readily soluble in benzene, and very readily 
soluble in chloroform or pyridine (Found : N = 17-52. C,,H,,0,N, 
requires N = 17-72 per cent.). 

The corresponding N-p-ethylaminophenyl ether was prepared from 
p-nitrosoethylaniline in the same manner; it crystallises in small, 
lustrous, dark reddish-brown leaflets melting at 168—171° with 
decomposition, and has approximately the same solubility in the 
common solvents as the methylaminophenyl ether (Found: 
N = 17:38. C©,;H,,O,N, requires N = 16-96 per cent.). 

2 : 4-Dinitrobenzaldoxime-N-p-nitrophenyl Ether, 

C,H,(NO,).°CH:NO-C,H,-NO,. 

—This compound was prepared in the usual manner from p-nitro- 
nitrosobenzene, the yield being 70 per cent. of the theoretical. 
It crystallises from alcohol in small, dark orange leaflets melting 
at 155—158° with decomposition, and is moderately soluble in 
alcohol or benzene, readily soluble in chloroform, and only very 
sparingly soluble in light petroleum or ether (Found: N = 17-0. 
C,,H,O,N, requires N = 16-86 per cent.). 

The corresponding N-m-nitrophenyl ether, prepared from m-nitro- 
nitrosobenzene, separates from a mixture of equal parts of pyridine 
and alcohol in slender, yellow leaflets, melting at 225° (Found: 
N = 16-90. C,,H,O,N, requires 16-86 per cent.). 

2 : 6-Dinitrobenzaldoxime-N-phenyl Ether, C,H,(NO,).°CH:NPh‘0. 
—tThe 2 : 6-dinitrobenzyl bromide required for this and the follow- 
ing condensations was prepared by heating 2 : 6-dinitrotoluene 
(10 grams), bromine (10 grams), magnesium carbonate (3 grams), and 
a little pyridine (0-2 c.c.) for five hours in a sealed tube at 150° 
(compare Reich and Oganessian, Bull. Soc. chim., 1917, [iv], 24, 117). 
In several experiments in which the pyridine was omitted, the 2: 6- 
dinitrotoluene was recovered unchanged. 2-7 Grams of 2 : 6-dinitro- 
benzyl bromide and 1 gram of nitrosobenzene, dissolved in 25 ¢.. 
of anhydrous alcohol, were treated with the theoretical amount of 
sodium ethoxide (0-22 gram of sodium in 6 c.c. of alcohol). On 
the addition of the ethoxide, the solution at once changed from 
green to deep red, After remaining for half an hour, the alcohol 
was removed at as low a temperature as possible by evaporation 
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‘Finder diminished pressure, and the residue extracted with hot 


benzene. ‘The oximino-ether, obtained by removing the benzene 
under diminished pressure, was purified by crystallisation from 
alcohol. It separates as a pale yellow powder melting at 138°, 
and is moderately soluble in alcohol or benzene, very readily soluble 
in chloroform or pyridine, and only very sparingly soluble in ether 
or light petroleum (Found: N = 14-42. C,,;HyO;N, requires 
N = 14-63 per cent.). 

9 : 6-Dinitrobenzaldoxime-N-p-dimethylaminophenyl Ether, 

C,H,(NO,).°CH-NO-C,HyNMe,. 

_This was prepared from p-nitrosodimethylaniline and 2 : 6- 
dinitrobenzyl bromide in a similar manner to that described above. 
It erystallises from alcohol in short, deep red prisms, which melt 
at 161°, with decomposition (Found: N = 17-15. C,5N4O5Nq 
requires N = 16-96 per cent.). 

CHEMISTRY DEPARTMENT, 

BirkBeck CoLLeEGr, LONDON. [Received, July Sth, 1922. 


CCVI.—The Formation of Derivatives of Tetrahydro- 
naphthalene from y-Phenyl Fatty Acids. Part II.* 


By ARNOLD StevENSON and JocELYN FIELD THORPE. 


Iv Part I of this serics, it was shown that the formation of the 
second (hydrogenated) ring in a derivative of tetra-hydronapthalene, 
as distinct from the production of the naphthalene nucleus itself, 
semed to depend on the presence of substituting groups on the 
carbon atoms of the side chain and it was shown, in particular, that 
the attachment of groups to the $-carbon atom (in respect of the 
benzene ring) produced a profound effect on ring closure. 

Experiments have now been continued, because it is intended in 
this series thoroughly to investigate the effect of substitution at 
different positions on the side chain in order if possible, by comparing 
the conditions of ring closure with those of the fully saturated carbon 
ting systems, now being investigated in these laboratories, to draw 
some conclusion as to the stereochemical configuration of the benzene 
nucleus. 

A number of examples are known of the formation of tetra- 


hol 
ion 


hydronaphthalene derivatives from compounds having a benzene 
nucleus to which is attached a side chain of four carbon atoms. A 


compound of this type may be the derivative of an acid, as, for 


instance, y-phenylbutyryl chloride, which reacts with aluminium 
* Part I appeared T., 1921 119, 87. 
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chloride (Kipping and Hill, T., 1889, 75, 144) to form 1-ketotetr, 
hydronaphthalene, or ethyl phenylacetylmalonate, which whe 
treated with sulphuric acid (Metzner, Annalen, 1897, 298, 374) 
passes through a tetrahydronaphthalene derivative into ethyl 
1: 3- —— 2-carboxylate : 


CH, 


| Gecore 7 | ) Vécort ~ L leon 
—S j ot ‘AS Ne U4 ) ‘a ee 2 
CO,Et rie) OH 


There appear, however, to be only two cases recorded in which an 
actual acid, as distinct from its derivative, undergoes a change 
of this type, the closing of the ring being effected through the 
elimination of a molecule of water formed from the hydroxyl group 
of the acid and one hydrogen atom of the benzene nucleus in the 
ortho-position. Kon and Stevenson (T., 1921, 119, 87) found that 
the imides derived by Guareschi’s method from ethyl and methyl 
benzyl ketones on hydrolysis gave tetrahydronaphthalene deriv. 
atives, which were no doubt formed in accordance with scheme (a), 
although it was not found possible to isolate the intermediate 
dibasic acids (II), this being probably due to the fact that a hydro. 
lysing agent (sulphuric acid) sufficiently strong to cause the fission 
of the imide ring is powerful enough to eliminate water and form 
the eee a ae 


” 


CH, CH, 
“\/\oR-CH,CO,H |S A \ \CR-CH,-CO.H 
Pa oro cng CH, 
f ai ae 
CO,H (IL) VO (IL) 


Scheme (a). 


This fission of the imide ring could be avoided by using Day and 
Thorpe’s method (T., 1920, 117, 1465) for the production of 8-sub- 
stituted glutaric acids, so that by condensing phenylacetaldehyde 
with cyanoacetamide it should be possible to form the diamide of 
aa’-dicyano-8-benzylglutaric acid (IV), which on hydrolysis should 
give 6-benzylglutaric acid (V). From this the tetrahydronaphthalene 


CH,Ph-CH[CH(CN)-CO-NH,],_ (IV-) 


CH, CH, 
-_— ea \CH-CH,-CO,H _. (Ye CH,CO,H 
\/ Es \A\ he 


CO,H CO 


DERIV: 


_Bderiva 


of wat 
metho 
aldehy 
satura 
experi 
Stevel 
obtair 
condit 
jncrea 
of the 


Phen} 
cyano 
aromé 

It v 
or me 
(Vorli 
on tre 


passe 


deriv: 
formé 
acid 
there 
hydr 
the e 
Wi 
and » 
(Vorl 
It is 
wate! 
This 
sulpk 
ring 


DERIVATIVES OF TETRAHYDRONAPHTHALENE, ETC. PART II. 1719 


derivative (VI) should be obtained by the elimination of a molecule 
of water. Unfortunately, Day and Thorpe found that while their 


When 
, 374)imethod gave excellent results with aliphatic compounds, aromatic 


aldehydes on condensation with cyanoacetamide formed un- 
saturated compounds, a conclusion borne out by the preliminary 
experiments on phenylacetaldehyde already described (Kon and 
Stevenson, Joc. cit.), in which only traces of the diamide (IV) were 
)H obtained. It has, however, now been found that under proper 
Okt conditions the yield of diamide in the condensation product can be 
increased to 10 per cent. of the theoretical, the major part consisting 
of the amide of «-cyano-y-phenylcrotonic acid, 
CH,Ph-CH:C(CN)-CO-NH,. 
h the Phenylacetaldehyde would thus appear in its behaviour towards 
zroup§ cyanoacetamide to be intermediate between the aliphatic and the 
n the aromatic aldehydes. 
that). It was found that the diamide (IV) on hydrolysis with hydrochloric 
ethy| | or moderately dilute sulphuric acid gave $-benzylglutaric acid (V) 
v.{ (Vorlinder and Strunck, Annalen, 1906, 345, 239), and that this 


ethy| 


ch an 
hange 


eriv- 

> (a), J on treatment with concentrated sulphuric acid at room temperature 
diate J passed almost quantitatively into the tetrahydronaphthalene 
‘dro. derivative (VI), the constitution of which was proved by the 


sion | formation of a semicarbazone and by the production of phthalic 
form acid on oxidation with potassium permanganate. This reaction 
therefore furnishes an example of the direct formation of a tetra- 
hydronaphthalene derivative from a y-phenylbutyric acid through 
the elimination of a molecule of water. 

When heated at 180°, the open chain acid (V) remains unchanged 
and if treated with a dehydrating agent such as acetyl chloride 
(Vorlander and Strunck, loc. cit.) loses water to form the anhydride. 
It is therefore remarkable that sulphuric acid should eliminate 
water in a different way and close the tetrahydronaphthalene ring. 
This action must be due to the formation in the first place of a 
sulphuric acid ester, which then loses sulphuric acid to form the 


and # 

ub. | 12S complex : 

. AN 

of Vv) —> ( jf, (HCH COM _, (v1) + 1,80. 
uld J / CR, 

one CO-0-SO,H 


This explanation of the reaction will have to be taken into account 
when the general survey of the field is made at the end of this 
series. 

) Although the acid"(VI) closely resembles in its general properties 
the homologue containing a methyl group (III), there is a marked 
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difference between them in their behaviour on regulated oxidatio, 
with potassium permanganate. The latter readily passes (Kop 
Stevenson, and Thorpe, this vol., p. 652) into a stable compound 
which exists in the two tautomeric forms (VII) and (VIII) : 


CH, CH, 
/\/\ cme CH,-CO, H/ Nome CH,:CO (\\CH: CO. 
VA £60 - VAL (OH)-—0 \4\74 
«oO OH 
(VII.) Tobias (IX.) 


The presence of a methyl group attached to a quaternary carbon 
atom no doubt prevents the elimination of hydrogen and the conse. 
quent production of a naphthalene derivative and so allows the 
formation of the oxidation product (VII and VIII). The acid (VI) 
on similar treatment yielded no homologous compound, but formed 
a tar characteristic of those obtained from naphthalene, whilst an 
attempt to regulate the oxidation so as to obtain the substituted 
naphthol (IX) merely gave a mixture of tar and parent acid. 


EXPERIMENTAL. 
Condensation of Phenylacetaldehyde with Cyanoacetamide. 


Phenylacetaldehyde readily polymerises on keeping and this leads 
to unsatisfactory yields on condensation with cyanoacetamide. 
The polymerisation can, however, be prevented by at once adding to 
freshly prepared aldehyde about twice its weight of absolute alcohol. 
To 23 grams of phenylacetaldehyde in 50 ¢.c. of aleohol another 
200 c.c. of aleohol were added and then a solution of 80 grams of 
cyanoacetamide in 400 c.c. of water, a few drops of piperidine being 
also added to act as a condensing agent. The mixture was well 
shaken in a wide-mouthed stoppered bottle for about half an hour, 
when a precipitate had formed. After keeping for twelve hours, it 
was filtered off and extracted with hot alcohol. 4-5 Grams of the 
insoluble diamide of ««’-dicyano-8-benzylglutaric acid were obtained 
and this was found to decompose and melt at 249°.* 

The amide of «-cyano-y-phenylcrotonic acid, 

CH,Ph-CH:C(CN)-CO-NH,, 
is deposited in clusters of needles as the filtrate cools, the yield being 
about 23 grams. After rubbing with ethyl acetate and twice 
crystallising from alcohol, the amide softened at 202° and melted 


* In the preliminary experiments (loc. cit.) the melting point was given 
as 245°, 


pERIVA' 


at 207° 
require’ 
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x 207° (Found: C = 70-55; H = 5-51; N = 15-16. C,,H, ON, 
(Konffrequires C = 70-93; H = 5-43; N = 15-00 per cent.). 
npound 
8-Benzylglutaric Acid (V). 
Twenty c.c. of concentrated hydrochloric acid were added to 
sgrams of the diamide of ««’-dicyano-{-benzylglutaric acid, and 
CO,H the mixture diluted with 10 c.c. of water and heated under reflux 
for two to three hours. When cold, it was extracted with ether, 
the ethereal extract yielding 3 grams of the crude acid. Crystallised 
fom benzene, it separated in stout prisms which melted at 99—101° 
Found: C = 64-79; H= 6-41. Cale., C = 64-84; H = 6-35 per 
arbon ent.). In order to ascertain if hydrolysis with moderately dilute 
— sulphuric acid (45 per cent. by volume) would close the tetrahydro- 
: the naphthalene ring, 5 grams of diamide were heated under reflux with 
(VI) 10 ¢.c. of acid till evolution of gas ceased. After dilution, it was 
rmed extracted with ether, and from the ethereal extract there were 
7 {0 f sbtained 2 grams of product rather dark in colour. After twice 
uated aystallising from benzene and light petroleum, it melted sharply 
at 101° and proved to be $-benzylglutaric acid [Found : C = 64-61; 
H=6-51 per cent. Titration with N/10-sodium hydroxide. 
Found: 14-1 c.c. Cale. (dibasic), 13-9 c.c.]. 


ac-1-Ketotetrahydronaphthalene-3-acetic Acid (V1). 


: Three grams of $-benzylglutaric acid were dissolved at room 
+to § temperature in 15 ¢.c. of concentrated sulphuric acid. After keep- 
‘ ol, | mg over-night, the solution was poured on to ice and extracted with 
her § ‘ther, the ethereal extract yielding 2-4 grams of crude condensation 


of § oduct. This was purified by converting it into its semicarbazone, 
regenerating by warming with 25 per cent. sulphuric acid, and 
el] | “tracting with ether. Crystallised from benzene, it formed prisms 
which sintered at 109° and melted at 110—111° [Found : C = 70-91; 
H = 5-83. Cy, ,H,,0, requires C = 70-55; H = 5-93 per cent. 
Titration with N/20-sodium hydroxide. Found : 13-95 ¢.c. Cale. 
(monobasic), 14-30 c.c.]. The acid can also be prepared by heating 
the parent acid under reflux with sulphurie acid (60 per cent. by 
volume), but this method gives a less pure product. The silver, 
cupric, lead, ferric, and aluminium salts are readily formed in the 
cold from the ammonium salt, whilst the calcium salt is obtained as 
a gelatinous precipitate on boiling the neutral sodium salt for some 
j § time with calcium chloride solution. 

The semicarbazone was readily prepared by mixing an alcoholic 
solution of the acid with semicarbazide acetate solution. It is 


very sparingly soluble in alcohol, separating as a crystalline powder 
30* © 
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melting at 238° (Found: N = 16-22. ©,,H,,0,N, requires 
N = 16-09 per cent.). 

The oxidation to phthalic acid was carried out by dissolving 
3 grams of the acid in sodium hydroxide solution, heating on the 
steam-bath, and adding a warm saturated solution of potassium 
permanganate until the colour persisted. After destroying the 
excess of permanganate with sulphurous acid, the solution was 
filtered, and the filtrate acidified and extracted with ether, the 
ethereal extract yielding crude phthalic acid. Crystallised from 
water and rubbed with ether and then with alcohol, it melted and 
decomposed at 203° and on heating with resorcinol gave fluorescein 
[Titration with N/20-sodium hydroxide. Found: 17-3 ¢.c. Cale. 
(dibasic), 17:2 c.c.]. 

For the regulated oxidation the method employed for the 
preparation of the tautomeric substance (VII and VIII) was 
followed. Three grams of the acid were dissolved in sodium 
hydroxide solution, and a 1 per cent. solution of potassium 
permanganate added until the colour persisted, the operation being 
carried out at a temperature of about 10°. The excess of perman- 
ganate was destroyed with sulphurous acid and the solution filtered, 
acidified, concentrated by evaporation, and extracted with ether, 
the ethereal extract yielding a brown, tarry substance which could 
not be crystallised. In order to ascertain if the naphthalene 
derivative (IX) could be obtained, 1 gram of the acid was dissolved 
in sodium hydroxide solution, and potassium permanganate added 
sufficient for the oxidation of two hydrogen atoms. Treated as 
above, a tar was obtained from which, on addition of lead nitrate, 
the lead salt of an acid was obtained. On regeneration and crystal- 
lisation, this acid proved to be identical with the parent acid. 


We are indebted to the Chemical Society for a grant which has 
partly paid for the materials used in the investigation, and to Messrs. 
W. J. Bush & Co., Ltd., for supplying us with freshly prepared 
phenylacetaldehyde. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Soutu KeEnsrincron, S.W.7. (Received, July 4th, 1922.] 
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(CVII.—Researches on Residual Affinity and Co-ordin- 
ation. Part IX. Cobaltammine Salts of the 
Nitro-Dyes. 

By GILBERT T. Morean and HerBert JoserpH SEYMOUR KING. 


Ir has been shown that the mordant dyes of the quinoneoxime 
and alizarin series contain chelate groups which can enter into 
the co-ordination sphere of cobaltammines, displacing completely 
theammonia (Morgan and Main Smith, T., 1921, 119, 708; this vol., 
p. 165). This investigation is being extended to mordant dyes 
of the azo-series, and the results so far obtained show that these 
colouring matters also owe their capacity for forming metallic lakes 
to the presence in their molecules of at least one chelate group, 
which is identified by its power of saturating completely the 
chemical affinity of tervalent cobalt so that a stable complex 
containing this metallic atom is produced with three chelate groups 
taking the place of the six ammonias in hexamminocobaltic salts. 
This property is in all probability a distinctive feature of organic 
mordant dyes, but in order to establish the generalisation it 
becomes necessary to ascertain whether substantive dyes behave 
similarly or differently towards cobaltammines. 

The object of the present investigation was to determine whether 
the substantive nitro-dyes furnish chelate groups when combined 
with the cobaltammines, and for this purpose four typical nitro- 
dyes were examined: picric acid, dipicrylamine (aurantia or 
imperial yellow), 2: 4-dinitro-x«-naphthol (naphthol yellow N), 
and 2 : 4-dinitro-«-naphthol-7-sulphonic acid (naphthol yellow S$). 

The salts of these colouring matters containing chloropentammino-, 
aquopentammino-, and hexammino-cobaltic radicles were pre- 
pared and found to be sparingly soluble compounds quite stable 
at the ordinary temperature. On heating at 95° under reduced 
pressure, these salts evolved a certain amount of ammonia, but 
only in one instance did the loss amount to two-fifths of the total 
quantity present in the compound. In other cases this loss was 
considerably less. 

The behaviour on heating of the cobaltammine salts of the 
substantive nitro-dyes stands in marked contrast to the behaviour 
of the cobaltammine salts of nitroso-8-naphthol. The latter series 
lose their ammonia completely even at 50° and become transformed 
into cobaltic 1-nitroso-8-naphthoxide (cobaltic 1 : 2-naphthaquin- 
one-l-oximate), a stable insoluble lake in which the metallic atom 
tmains solely combined with three chelate groups of the mordant 


o oo 


MORGAN AND KING: RESEARCHES ON 


Mordant Dyes. Percentage Percentage 
NH; before NH; after Percentage 
Cobaltammines. heating. heating. lost. 
Hexamminocobaltic 1 : 2-naphthaquin- 
IED. convenecencesesscccnstsense 14-56 0 100 
Chloropentamminocobaltic 1 : 2-naph- 
thaquinone-1-oximate ...............+5. Unstable at room 99 
(T., 1921, loc. cit.). temperature 


Substantive Nitro-dyes. 
Chloropentamminocobaltic 2 ; 4-di- 


nitro-a-naphthoxide .............0.0000+ 11-78 11-41 3-14 
Chloropentamminocobaltic 2 : 4-di- 

nitro-a-naphthoxide-7-sulphonate .. 16-26 16-00 1-60 
Hexamminocobaltic dipicrylamine .. 6-73 6-53 2-97 
Hexamminocobaltic 2 : 4-dinitro-a- 

IDIID - shndckctackinsineindcssaesensae 11-04 10-76 2-54 
Hexamminocobaltic 2 : 4-dinitro-a- 

naphthoxide-7-sulphonate ............ 15-09 13-83 8-35 
Aquopentamminocobaltic picrate ...... 9-95 6-12 38-49 
Aquopentamminocobaltic 2 : 4-di- 

nitro-a-naphthoxide ................0606 9-54 9-46 0-84 
Aquopentamminocobaltic dipicrylamine 6-31 5-66 10-30 


The foregoing table indicates that the cobaltammine salts of the 
nitro-dyes are comparatively stable even on heating. In no case 
has ammonia been displaced either partly or completely by the 
nitro-groups. 

The experimental results described below show that, unlike the 
mordant dyes of the quinoneoxime, alizarin, and hydroxyazo- 
series the substantive nitro-dyes do not furnish chelate groups 
each capable of reacting as two associating units in the co-ordin- 
ation sphere of a cobaltic atom. This behaviour of the nitro-dyes 
may be assigned to a lack of residual affinity in the nitro-groups 
as regards cobalt or it may be taken as corroborative evidence of 
the para-quinonoid configuration of the nitro-dyes, the following 
formule showing the relationship between picric acid (I) and its 
hexamminocobaltic salt (I1). 


(1.) NO, NO, (IL.) 
=<__»)=N0,H _ O=< , _ >=NO,— <[Co(NH,),] 
NO, NO, 
The quinone hypothesis would also account for the complete 
absence of co-ordination between cobalt and _ nitro-groups in 
chloropentamminocobaltic dipicrylamine (III), since the co-ordin- 


ation complex and the nearest nitro-groups are now in meta- 
positions with respect to each other. 


3 


NO, NO, 
NO, -< \—N= 4 _>=N0, _| <[Co(NH,),C1 ] 
NO, NO, — . 


(IIT.) 


Sim 
jead t 
cobalt 
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Similar considerations applied to the naphthol yellows would 
lead to the following formulations (IV and V) for aquopentammino- 
cobaltic 2 : 4-dinitro-«-naphthoxide (IV) 


NO, 
wri =< | >= = NO, —}< [Co(NH,);H,0 ] 

oe 

ee 3 


and for the more complex hexamminocobaltic 2 : 4-dinitro-«-naphth- 
ovide-7-sulphonate (V) 


NO, 
J/— —— 
O=< = NO,—)< | Co(NHs3)o 
(V.) [Co(NH3)¢ ]> — »==< 2 [ 3 ] 
nil 
‘SO, 3 


Picric acid, dipicrylamine, and 2 : 4-dinitro-«-naphthol have given 
a complete series of purpureo-, roseo-, and luteo-salts containing 
respectively the complete co-ordination complexes [CoCl*SN Hs], 
(CoS5NH,*H,O], and [Co6NHsg]. 

The purpureo- and luteo-salts of 2: 4-dinitro-«-naphthol-7-sul- 
phonic acid were also prepared, but the roseo-salt was obtained only 
in association with silver chloride as formed by double decom- 
position between roseo-cobaltic chloride and the silver salt of the 
nitro-sulphonic acid. But in no case was any experimental evidence 
forthcoming that the associating units of the three foregoing com- 
plexes had been displaced by substituent groups derived from the 
nitro-colouring matters. 


EXPERIMENTAL. 


The cobaltammines described below, which were prepared from 
the purified nitro-dyes and from cobaltammine salts of ascertained 
composition, were precipitated at room temperature and kept in 
the cold mother-liquor until collected, when they were washed 
repeatedly with dilute ammonia and finally with water. These 
products were then dried in a vacuum desiccator containing soda- 
lime and ammonium carbonate, and finally kept for three hours 
under reduced pressure over concentrated sulphuric acid. 


I. Cobaltammines of Picric Acid. 
The cobaltammine picrates were crystalline compounds, sparingly 
soluble in cold water to yellow solutions; on warming, the dissolved 


salt underwent partial hydrolysis. 
1. Chloropentamminocobaltic picrate separated in reddish-brown 


1726 MORGAN AND KING: RESEARCHES ON 


needles (4 grams) on adding 2-74 grams of chloropentamminocobaltie 
chloride in 650 c.c. of water to 5 grams of picric acid in 500 c.c. of 
water containing 22 c.c. of N-sodium hydroxide (Found : Co=9-56. 
NH, = 13-29; N = 23-87; Cl = 5-45. [Co(NH,),Cl] | CoH,(NO,),0) 
requires Co = 9-28; NH, = 13-40; N = 24-24; Cl= 5-58 pe 
cent.). The formation of this compound is referred to by Jorgensen 
(J. pr. Chem., 1878, 18, 232) and by Ephraim (Ber., 1921, 54 
[B], 402), but no analyses have hitherto been recorded. 

2. Aquopentamminocobaltic picrate was precipitated in masses of 
small, yellow needles (4-1 grams) on adding slowly 1-6 grams of 
aquopentamminocobaltic chloride in 25 c.c. of water to 12 grams 
(9 mols.) of picrie acid dissolved in 52-5 c.c. of N-sodium hydroxide 
and 700 c.c. of water (Found: Co = 7:30; NH, = 9-95; N= 
22-73; H,O = 2-11. [Co(NH,),H,O] !C,H,(NO,),0)5 requires 
Co = 6-97; NH, = 10-06; N = 23-17; H,O = 2-13 per cent.). 

3. Hexamminocobaltic picrate (formula Il) was obtained in a 
state of purity only by employing an excess (6 mols.) of picric 
acid; 5 grams of this reagent were dissolved in 21-9 c.c. of 
N-sodium hydroxide in 500 c.c. of water and treated slowly with 
1-27 grams of hexamminocobaltic nitrate in 75 e.c. of water, 
when clusters of sulphur-yellow needles were forthwith precipi- 
tated (2-5 grams) (Found: Co = 6-95; NH, = 12-24; N = 24-60. 


[Co(NH,),] {|C,H.(NO,),0', requires Co = 6-98; NH, = 12-09; 
N = 24-86 per cent.). This salt has been referred to recently by 
Ephraim, but only a partial analysis is given (Ber., 1922, 55, [8B], 
1615). 


II. Cobaltammines of Dipicrylamine. 


The cobaltammine salts of dipicrylamine were obtained as red, 
non-crystallisable solids rather more soluble in cold water than 
the cobaltammine salts of the other nitro-dyes. 

1. Chloropentamminocobaltic Dipicrylamine (Formula II1).—Three 
grams of dipicrylamine converted into ammonium salt and 
dissolved in 900 c.c. of water were treated with 0-86 gram of 
chloropentamminocobaltic chloride in 230 ¢.c. of water, when a 
granular, crimson precipitate was deposited (Found: Co = 5-60; 
NH, = 7:79; N = 25-06; Cl = 3-04. [Co(NH,),Cl] /C,,H,O,.N;; » 
requires Co = 5-59; NH, = 8-07; N= 25-21; Cl = 3-36 per 
cent.). 

2. Aquopentamminocobaltic Dipicrylamine. — Aquopentammino- 
cobaltic chloride (0-37 gram) in 20 c.c. of water was added | 
slowly to 2-9 grams (4:5 mols.) of dipicrylamine dissolved in 
6°6 c.c. of N-sodium hydroxide and 700 c.c. of water; the | 
product (1 gram) was a bright red powder somewhat soluble in 


grams 
roxide 
N= 
quires 
it.). 
in a 
picric 
c. of 
' with 
vater, 
ecipi- 
4-60. 
2-09; 
y by 
“(Bi 


RESIDUAL AFFINITY AND CO-ORDINATION. PART IX. 1727 


water (Found : Co = 4:22; NH, = 6-31; N = 24-86; H,O = 2-75. 
(Co(NHs)5H20 | 'CyoH,O,.N,}3,H,O requires Co = 3-95; NH, = 
5:70; N = 24:37; H,O = 2-41 per cent.). 

3. Hexamminocobaltic Dipicrylamine, a scarlet compound of 
lighter shade than the two preceding salts, was obtained by adding 
105 grams of hexamminocobaltic nitrate to 8 grams (6 mols.) of 
dipicrylamine in 18-2 c.c. of N-sodium hydroxide and 400 c.c. of 
water (Found : Co = 4:27; NH, = 6-73; N = 24-64; H,O =2-90. 
[Co(NHs)¢] {Ci2H,O,.N; } 3,.23H0 requires Co = 3-88 ; NH; = 6-72; 
N = 24:88; H,O = 2-96 per cent.). 


III. Cobaltammines of 2 : 4-Dinitro-x-naphthol. 


The three following compounds are identical in colour, being 
orange when wet and brick red on drying; they are obtained as 
pasty, non-crystalline precipitates very sparingly soluble in cold 
water to yellow solutions. When dried at the ordinary temperature, 
they are found on analysis to be hydrated, but although the amount 
of water is variable, the ratio of cobalt to ammonia is consistent with 
the absence of co-ordination between cobalt and the nitro-groups. 

1. Chloropentamminocobaltic 2 : 4-Dinitro-«-naphthoxide.—Chloro- 
pentamminocobaltic chloride (1-61 grams) in 550 c.c. of water was 
added to 3 grams of 2 : 4-dinitro-«-naphthol dissolved in 12-8 c.c. 
of N-sodium hydroxide and | litre of water, when 2-2 grams of the 
product were precipitated (Found : Co = 8-61; NH, = 11-84; N = 
18:11; Cl = 4-61; H,O = 8-50. [Co(NH;),Cl] {Cj)H;0,N,} »,34H,O 
requires Co = 8-32; NH; = 12-01; N= 17-79; Cl= 5-00; H,O 
= 8-90 per cent.). 

2. Aquopentamminocobaltic 2: 4-Dinitro-«-naphthoxide (Formula 
IV) —Two grams of 2 : 4-dinitro-«-naphthol dissolved in 8-5 c.c. of 
Y-sodium hydroxide and 700 c.c. of water were treated with 0-765 
gram of aquopentamminocobaltic chloride in 20 c.c. of water 
(Found: Co = 6-86; NH, = 9-54; N= 1694; H,O = 5-10. 
[(Co(NH,);H,O] {C,9H;0;N2}3,14H,O requires Co = 6-64; NH; = 
9:59; N = 17-34; H,O = 5-07 per cent.). 

3. Hexamminocobaltic 2 : 4-Dinitro-«-naphthoxide——Three grams 
of 2:4-dinitro-«-naphthol, dissolved in 12-8 c.c. of N-sodium 
hydroxide and one litre of water, were treated with 1-48 grams of 
hexamminocobaltic nitrate in 150 c.c. of water, when the product 
was easily filtered, although if excess of the sodium salt was 
employed filtration and washing became impossible even with the 
aid of a centrifuge (Found : Co = 6-80; NH, = 11-04; N = 18-58; 
H,O=3-43. [Co(NH;),] |CioH;0;N. } ..1#H,O requires Co = 6-61 ; 
NH, = 11-46; N = 18-85; H,O = 3-53 per cent.). 


sulphuric acid and after diluting and filtering from dipicrylamine 
the ammonia in the filtrate was estimated in the ordinary way. 
In the cobaltammine picrates the ammonia was estimated by 
distilling with calcium carbonate instead of with sodium hydroxide. 
The water in the hydrated compounds was not removed com- 


1728 RESIDUAL AFFINITY AND CO-ORDINATION. PART IX. TH 

IV. Cobaltammines of 2 : 4-Dinitro-«-naphthol-7-sulphonic Acid, i 

It was not found possible to prepare monocobaltammine salts § am™ 
of naphthol yellow S even when using a large excess of its sodiuy § weig 
salt. This behaviour is in agreement with the observation of § this 
Knecht and Hibbert (Ber., 1904, 37, 3475) that a monopotassium § defla 
salt is not obtainable. The following dicobaltammine salts are J gent 
orange, crystalline, hydrated compounds, sparingly soluble jn § resi 
water to yellow solutions. strol 

1. Chloropentamminocobaltic 2 : 4-Dinitro-x-naphthoxide-7-sulpho. | mod 
nate-—Four grams of 2 : 4-dinitro-«-naphthol-7-sulphonic acid in § weig 
250 c.c. of water were converted into the ammonium salt and C 
treated with 2-72 grams of chloropentamminocobaltic chloride in § pro 
600 c.c. of water, when the product separated in small, orange § and 
needles (Found: Co = 11-50; NH, = 16-26; N = 18-85; Cl= C 
6-34; S=625; H,O= 4-84. [Co(NH3);Cl], |C,oH,O,N,S' »,3H,0 
requires Co = 11:37; NH, = 16-42; N = 18-90; Cl = 6-84; S = 
6-18; H,O = 5-21 per cent.). 

2. Hexamminocobaltic 2 : 4-Dinitro-«-naphthoxide-7-sulphonate 
(Formula V).—Six grams of 2 ; 4-dinitro-«-naphthol-7-sulphonic acid, ( 
converted into the ammonium salt in 350 c.c. of water, were treated 
with 1-89 grams of hexamminocobaltic nitrate, when a bright 
yellow, crystalline precipitate was deposited, which owing to 
difficulties of filtration was separated and washed in a centrifuge. : 
The product consisted of irregular plates (2-4 grams) (Found: i 
Co = 8-68; NH, = 15-09; N= 1813; S=679; H,oO—7-64. | ™ 
[ Co(NH5)¢ lo |CygH,O,N.8S'5,6H,O requires Co = 8-63; NH, = . 
14-95; N = 18-45; S = 7-04; H,O = 7-91 per cent.). } 

Ammonia was estimated in the cobaltammine salts of the two in 
a-naphthol derivatives by distillation with aqueous sodium te 
hydroxide, but this procedure failed in the case of the compounds 
derived from picric acid and dipicrylamine, as in each case the i 
acidic radicle was decomposed and contributed a further quantity 
of ammonia, which was slowly evolved, so that a definite end-point 
could not be obtained. From the dipicrylamine compounds the f 
ammonia evolved was more than would correspond with the ' 
nitrogen of the imino-group, and evidently as in the case of picric r 
acid ammonia arose from a reduction of nitro-groups. The di- t 
picrylamine derivatives were first decomposed with concentrated 
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pletely under reduced pressure over phosphoric oxide, but both 


Acid. water of crystallisation and co-ordinated water of the aquopent- 
e salts f ammino-salts were determined by heating at 95° to constant 
odium § weight in a vacuum, ammonia being estimated before and after 


this treatment. Since these cobaltammine salts of the nitro-dyes 


ion of 

ssium ff deflagrate or explode on heating alone, cobalt was estimated by 
ts ar § gently warming with sulphuric acid in a silica crucible. The 
le in & residue contained carbon except in the case of the picrates. After 


strong ignition, the residual cobalt oxide was heated gently with 


ilpho. § moderately concentrated sulphuric acid, and the metal finally 
id in § weighed as sulphate. 

/ and Chlorine in thé complex chlorides was estimated as silver chloride 
Je in | produced by digesting the organic salt with fuming nitric acid 


‘ange § and silver nitrate. 
C] = 
H,0 


S= 
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CCVIII.—The Explosion of Acetylene and Nitrogen. 
Part I. 
By Witu1am Epwarp Garner and Kicuimatsu Matsuno. 


In a previous paper (T., 1921, 119, 1903), a study was made of the 
fixation of nitrogen which occurs when this gas is exploded with 


va acetylene. During this process, the nitrogen is fixed almost 
entirely in the form of hydrocyanic acid, the explosion yielding 
i only small amounts of ammonia. The more important reactions 
i in the synthesis of ammonia and hydrocyanic acid were shown 
to be 
4 (1) H, + N, + 2C == 2HCN 
ty and (2) HCN + H, == NH, + C. 
nt The values of K, in the equation K, = [HCN}*/[H,][N,] were 
he found to vary from 0-0124 with 4-13 per cent. of nitrogen to 0-0069 
1e with 20-33 per cent. of nitrogen. On the other hand, an empirical 
ic relationship, [HCN]/[H,][N,]°*? = K,', held fairly accurately over 
i- the range of concentrations investigated, but no explanation could 
d be given of the physical basis of the equation. Further analysis 
€ showed that another equation could be derived from this which 
2 was equally applicable. It is possible to replace the concentration 
y of hydrogen by a factor proportional to the area of the carbon 


surface, for in the experiments previously reported, the atomic 
concentrations of the carbon and hydrogen in the explosion vessel 
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were identical. Thus [HCN]/[C][N,]°* = K,". Further experi. 
mental work was, however, necessary before a decision could be 
made as to the relative merits of these two alternatives. 

In the study of the reactions occurring in gaseous explosions, 
the rate of cooling of the gaseous products is a factor of considerable 
importance and it was desirable to ascertain if K,' or K," held 
for different rates of cooling of the gaseous products. The evidence 
already obtained on this point was fairly definite, for in the previous 
experiments the temperature of explosion and the rate of cooling 
were progressively altered by the addition of increasing amounts 
of nitrogen to the explosive mixture, without producing any varia. 
tions in the value of these constants. Since, however, it was possible 
that this concordance was accidental, further alterations in the 
conditions of firing were made by the addition of hydrogen and 
helium to the mixtures of acetylene and nitrogen. A material 
increase in the rate of cooling is brought about by the substitution 
of either of these gases for nitrogen. The thermal conductivities 
of hydrogen and helium at 0° are 0-0003386 and 0-0003270 respec- 
tively, values which are very similar and about six times as large 
as that of nitrogen (0-000057). Although the effect of these two 
gases on the rates of cooling will be almost identical, their effect 
on the temperatures of explosion will be very different. On account 
of the low specific heat of helium, the temperatures of explosion 
will be higher in the presence of this gas than when equal amounts 
of either nitrogen or hydrogen are present. 

The substitution of helium for a portion of the nitrogen was 
found to be without effect on K,', although this constant was 
lowered about 10 per cent. by the addition of 10 per cent. of hydrogen 
(Table II). If, however, the hydrogen concentration in this equa- 
tion be replaced by a quantity proportional to the amount of carbon 
present, as in K," = [HCN]/[C][N,]°*’, where [C] represents the 
atomic concentration per litre of carbon in the bomb, then it is 
found that K,"' = 0-079 for all of the experiments within experi- 
mental error. This agreement suggests that the quantities of 
hydrocyanic acid produced in these explosions are practically 
independent of the partial pressures of the hydrogen, being a 
function only of the carbon surface and the nitrogen concentration. 
This case is analogous to those observed by Langmuir (7'rans. 
Faraday Soc., 1922, 17, 621) in the reactions between hydrogen 
and oxygen, and carbon monoxide and oxygen on a platinum 
surface. It was observed that when either of the two reactants 
was present in excess the velocity of the reaction was independent 
of the partial pressure of this reactant and proportional solely to 
the partial pressure of the other reactant. 
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The more important reactions, occurring on the carbon surface, 
may be written 

(3) H, + 2=—C—) == 2(—C—H) 

(4) N, + 2(—C=) == 2(—C=N) 

(5) HCN + (=C—) == (=C—H) + (—C=N) 
The reaction between carbon and hydrogen (3) is more energetic 
than that between carbon and nitrogen (4). At 800°, the adsorp- 
tion of hydrogen by carbon is considerable, whereas nitrogen is 
not appreciably absorbed at this temperature.* At high tem- 
peratures (1800—1900°, the temperature of chilling of the hydro- 


eVious 
ooling 
lounts 


Varia- 

ssible f cyanic acid reactions), the equilibrium density of hydrogen atoms 
1 the § jn the interface will be established with great rapidity, and it 
and § seems probable that at high partial pressures the hydrogen atoms 
erial § will occupy the majority of the free spaces on the carbon surface, 
ition § and that the density of packing will change only slightly with 
‘ities [ yariations in the partial pressure of the gas. If the formation of 
pec- § hydrocyanic acid occurs between the nitrogen and hydrogen atoms 
arge — on the surface (5) or on collision between nitrogen molecules and 
two —f the adsorbed hydrogen atoms, then it would be expected that the 
fect §f rate of formation of hydrocyanic acid would be practically inde- 
unt § pendent of the partial pressure of the hydrogen, a conclusion which 
ion is in agreement with the experimental results. 

nts In order to test these ideas still further, the ratio of carbon to 


hydrogen in the gas mixture was increased by the addition of 
cyanogen to the acetylene. Owing, however, to the incomplete 
decomposition of the cyanogen which was present in the cooler 
regions of the bomb and the production of hydrocyanic acid second. 


vas 
yas 


al arily by the action of hydrogen on cyanogen, it was impossible to 
- draw any conclusions from these results. 

he An unexpectedly low result was obtained for the percentage of 
" ammonia produced during the explosion of mixtures containing 
- helium. In the experiments with an excess of hydrogen the average 
if value for [NH,]/[H,][HCN] = K, was 0-51, and the mean for 
y comparable experiments obtained previously (loc. cit.) was 0-42. 
a In the helium series, the constant was 0-31, the mean of three 


experiments (see last column, Table II). It is difficult to ascribe 
this result to differences between the rates of cooling, or between 
the temperatures of explosion of the mixtures in the various series. 
Previous work had shown that the alteration in these conditions 
brought about by dilution of the acetylene with nitrogen is without 
appreciable effect on the value of Kg. 

In view of the work of (Sir) J. J. Thomson, it is possible that 


* Unpublished experiments by Mr. E. A. Blench, 
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helium acts as a negative catalyst. Positively charged molecule 
of hydrogen with the noble gases are known to exist under the 
conditions prevailing in a positive-ray tube. The formation of 
such a compound between a positively charged hydrogen atom 
and a helium atom would explain the negative catalysis. If the 
hydrogen atoms which are active in the production of ammonia 
are positively charged, then the reduction in concentration of 
these atoms, occurring on collision with helium atoms, would 
lower the rate of production of ammonia from hydrocyanic acid 
or from hydrogen and nitrogen. Experimental work is in progress 
to test these ideas. 


EXPERIMENTAL. 


In all, three series of experiments were carried out. Mixtures 
containing (1) acetylene, nitrogen, and helium, (2) acetylene, 
nitrogen, and hydrogen, and (3) acetylene and cyanogen were 
exploded in a spherical vessel at a pressure of approximately three 
atmospheres. The force of explosion, on account of the dilution 
with inert gases, was not sufficiently great to cause leaks at the 
main joint of the bomb, a difficulty which was experienced in some 
of the earlier experiments. No essential modifications have been 
made in the apparatus (Fig. 2, loc. cit.) or in the experimental 
procedure, except that it has been found possible to dispense with 
the bubblers C. 

(a) Materials—The supply of helium was kindly presented by 
Dr. Travers from a quantity obtained from Prof. Moore, of the 
Bureau of Mines. This gas was purified by passing over heated 
copper oxide and through cocoanut charcoal cooled in liquid air. 
The densities of the gas used in four experiments were 4-008, 3-998, 
3-982, and 4-002, respectively. The hydrogen was obtained from 
zine and sulphuric acid and was purified over charcoal, surrounded 
by liquid air. Considerable loss occurred in this process, until 
the carbon was saturated with hydrogen. Cyanogen, obtained 
by the action of heat on dry mercuric cyanide (Dixon, T., 1886, 
49, 384), was purified by passing over cotton wool moistened with 
silver nitrate and dried over phosphoric oxide. The sources of 
the nitrogen and acetylene have already been given in a previous 
paper. 

(6) Analysis —When helium was present in the final gaseous 
mixture, slight alterations were necessary in some of the analytical 
methods. In the determination of hydrogen by the copper oxide 
method, owing to the ready diffusion of helium through the quartz 
tube, it was necessary to replace this material by hard glass. Th 
analysis of the residue of nitrogen and helium also presented some 
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olecules fl dificulty. These gases were sparked with excess of oxygen in 
ler the § order to remove the nitrogen, but the results came out too low. 
tion of f On this account it was decided to calculate the percentage of these 
| atom Hf cases in the final mixture from the initial composition. For this 
If the purpose the density of the helium was carefully determined before- 
monia § hand and accurately known volumes of helium and nitrogen were 
ion of f measured into the bomb. 


would § The cyanogen in the gases was analysed by passing a known 
> acid | yolume of the gas through a solution of sodium hydroxide and 
ogress f titrating the solution with silver nitrate by Denigés’s method. 


The analyses by this method were in good agreement with the 
quantities of cyanogen measured into the bomb. As the gases 
from the explosion of mixtures of cyanogen and acetylene contained 
unchanged cyanogen, it was important to devise methods of 
analysing mixtures containing ammonia, hydrocyanic acid, and 
cyanogen. The following method of procedure was adopted. 


were 
hree | The gases were passed through dilute sulphuric acid (N/10) and 
tion § sodium hydroxide solutions in a series of bubblers, the cyanogen 


being converted into a mixture of cyanide and cyanate in the 
alkaline solution. The cyanogen and hydrocyanic acid dissolved 
in the dilute sulphuric acid were distilled off into a solution of 
sodium hydroxide and the ammonia in the acid solution was 
analysed. It has been shown previously that hydrocyanic acid 
is not appreciably hydrolysed by this treatment. Experiments 


by | with cyanogen showed that less than 2 per cent. of this gas was 
the &f converted into ammonia during the distillation with sulphuric 
ed acid. The alkaline solution was titrated for cyanide by Denigés’s 
ir, method. The cyanate in this solution was determined after the 
18, removal of the hydrocyanic acid by distillation with excess of 
m dilute sulphuric acid. The residue was treated with more sulphuric 
ad acid (Wallis, Annalen, 1906, 345, 357), the cyanate converted into 
i] an ammonium salt, and the ammonia analysed by the ordinary 
d methods. 30-61 C.c. of cyanogen gave 28-69 c.c. of ammonia and 
5, 28-08 ¢.c. of hydrocyanic acid. Part of this discrepancy (6 per 
h cent.) was caused by polymerisation of the cyanogen in the presence 
\f of mercury in the gas burette. On account of this discrepancy 


the analysis of the cyanogen in the final gases in Table I cannot be 
relied on to within 6 per cent. or about 0-02 per cent. of the total 
volume of gases present. The agreement between the two values 
for the nitrogen percentage shows that but little error can have 
occurred in the analysis of the initial gas mixture. As it was 
decided not .to continue these experiments with cyanogen, the 
cause of the loss of 6 per cent. in the above analysis was not further 
investigated. 
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Results. A 
Table I contains the experimental data, the volume of gases 
and the analyses of the initial and final gases. The volume of | 
the gases given in this table is that measured after the explosion, 
this being the more accurate value, since the gaseous products 
are more “ perfect’”’ than the gases before the explosion. Op 
account of the uncertainty in the values for the compressibility 
of acetylene, the pressures of the gases measured before the ex. 
plosion were made use of only as a rough check on the accuracy | 
of mixing of the gases. rr 
Two series of values are given for the percentage of nitrogen; a5 
the first is obtained by gas analysis and the second is calculated - 
from the percentage of nitrogen originally present in the bomb; § 2* 


the nitrogen converted into ammonia and hydrocyanic acid is 
deducted. The former nitrogen percentage is usually somewhat 
higher (column 16), but the latter (column 17) is the more accurate 
and is used in the calculations. 

The acetylene in the final gases varies between | and 4 per cent., 
and owes its origin very largely to the amount of the explosive 
mixture which escapes decomposition in the neighbourhood of the 
walls of the bomb. This conclusion is supported by the results 
of the explosions of cyanogen and acetylene. In these expeti- 
ments, 2 to 4 per cent. of the cyanogen and the same percentage 
of the original acetylene escaped decomposition. The high per- 
centages of the hydrocyanic acid and ammonia in this series are 
possibly due to direct combination between undecomposed cyanogen 
and hydrogen. 


Comparison of Results. 


The effects of the addition of helium and hydrogen to the gaseous 
mixture of acetylene and nitrogen are summarised in Table IL. 
Here the concentrations of the carbon, hydrogen, and nitrogen 
are given in gram-mols. per litre. The values from four series 
are included in this table, (1) the experiments V, VIII, VI, IV, 
and IX of the preceding paper on the explosion of mixtures of 
acetylene and nitrogen, (2) the helium series, (3) the hydrogen 
series, and (4) the cyanogen series. 

(a) The Hydrocyanic Acid Equilibrium.—The effect of the replace- 
ment of hydrogen by carbon in the relation [HCN]/[H,][N,]°*? = K,' 
is shown in columns 5 and 6. The modified expression gives values 
for K," for the first three series which agree within experimental 
error, the mean values being for (1) 0-0803, (2) 0-0790, and for 
(3) 00775. The addition of 10 per cent. of hydrogen or helium is 
almost without effect on the latter constant. 


Initial gases (at atm. press. )- 
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(6) The Ammonia Equilibrium.—The mean values for [NH,}) 
[H,]|HCN] = K, differ markedly for the different series, 
being 0-42 for series 1, 0-31 for series 2, and 0-51 for series 3. The 
addition of helium decreases and the addition of hydrogen increases 
the value of K,. The results of the cyanogen are of doubtful 


value. 
Summary. 


Mixtures of acetylene and nitrogen with hydrogen and helium, 
and of acetylene with cyanogen have been exploded and the pro. 
ducts analysed. The yield of hydrocyanic acid is given by the 
relation [HCN] = K,"[C)[N,]°*". The constant K," = 0-079 is 
found to hold for the experiments previously reported and for the 
mixtures containing hydrogen and helium. The concentrations of 
ammonia, produced during the explosion, are given approximately 
by the equation [NH,] = K,[HCN][H,]. K, is decreased by the 
addition of helium and increased by the addition of hydrogen to 
the gaseous mixture. Helium thus acts as a negative catalyst. 
The mixtures of cyanogen and acetylene gave larger amounts of 
ammonia and hydrocyanic acid than those normally obtained; 
this was accompanied by the presence of unchanged cyanogen in 
the gases after the explosion. 
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CCIX.—The Adsorption of Uranium-X and its Isotope, 
Thorium, by Basic Ferric Acetate. 


By ANDREW CHARLES Brown. 


Tue study of the adsorption of radioactive substances is a valuable 
aid to the investigation of the phenomenon of adsorption on a 
solid surface at a solid—liquid interface. By it one is enabled to 
examine adsorption at that most interesting stage where the first 
layer of atoms or molecules is being laid down. 

The use of dyes in very dilute solution, using colorimetric methods 
of observation, has met with fair success, but by the use of radio- 
active substances it is possible to work with greater accuracy at 
much smaller concentrations. 

Freundlich’s empirical formula for adsorption is 


x/m = aciln, 


where x is the amount adsorbed, m the amount of adsorbing sub- 
stance, c is the end concentration in the solution, a is an arbitrary 
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[NH,]/ § ponstant the value of which depends on the nature of the sub- 
series, f tances in question and the units used ; 1/n, according to Freundlich, 

The ff js always less than 1, generally between 0-1 and 0-5, but it should 
reases ff have a constant value for a given substance, using the same ad- 
ubtful § orbent and solvent. The graph log. 2/m (ordinates), log. c (abscisse) 


would then be a straight line, and, provided the same scale is chosen 
for ordinates and abscissz, the gradient would equal 1/n. 


elium, An examination of published results, however, throws doubt on 
© pro- | the constancy of the value of 1/n. 

y the Biltz (Ber., 1904, 37, 3138) and, more recently, Boswell and 
79 is H Dickson (J. Amer. Chem. Soc., 1918, 40, 1793) investigated the 
rr the § adsorption of arsenious acid by ferric hydroxide. The latter, in 
ns of § their summary, state: “The logarithmic curves plotted from 
ately § our measurements, although approximating to straight lines, yet 
y the § show unmistakably a concavity to the x-axis, thus indicating a 


n to § deviation of the adsorption phenomenon from the adsorption 


lyst. equation.” That is, over the relatively small range of concen- 
ts of & tration examined by them, they observed the value of 1/n to 
ned; § increase with decreasing concentration, its average value being 
nin § about 1/5. 


Experimenting on the adsorption of dyes in very dilute solution 
by cotton fibres, Georgievics observed that Cibre/Csoution is a con- 
stant (Zsigmondy, “ Chemistry of Colloids,” 1917, p. 205), that 


J 

is, the value of 1/n is 1. 

Ritzel (Z. physikal. Chem., 1909, 67, 724) investigated the ad- 

sorption of uranium-X by charcoal, and found the value of the 
pe, exponent I/n to be 1. He also observed that the addition of a 

trace of thorium prevents the adsorption of uranium-X. Now if 

it is accepted that uranium-X and its isotope, thorium, are not 

separable by an adsorption process, the value of 1/n must decrease 
ble with increasing concentration of the element “ atomic number 90,” 
a because if it remained equal to 1, increasing concentration would 
to not alter the ratio of the amount of element adsorbed to that in 
rst solution. 

By employing the isotopy of uranium-X and thorium, a method 
ds suggests itself for testing the adsorption formula over a very large 
0- range of concentration, and with the view of observing the alteration 
at in value of 1/n, the following series of experiments were carried out : 


1. Investigation of the adsorption of uranium-X from a solution 


containing no thorium. 

2. Investigation of the adsorption of uranium-X from solutions 
containing known small concentrations of thorium. 

Uranium acetate was used as the source of uranium-X, and basic 


ferric acetate as adsorbent. 


1738 BROWN : THE ADSORPTION OF URANIUM-Y 


EXPERIMENTAL. 


After many preliminary experiments, it was found best to use 
basic ferric acetate as adsorbent. 

A few drops of a ferric sulphate solution were added to a boiling 
solution of uranium acetate, the acidity of which had been previously 
adjusted, and boiled under reflux for thirty minutes. On boiling for 
a longer period, no alteration in the amount adsorbed was observed, 

It was noticed that if the iron solution was added in the cold, 
less uranium-X was adsorbed. This was probably due to the 
colloidal particles in the latter case being larger. 

The advantages of this procedure were that the conditions were 
quite standard and, moreover, after filtration, the solution was 
practically unchanged. 

Preparation of Iron Sulphate Solution —12-5 Grams of anhydrous 
ferric sulphate were dissolved in 250 c.c. of water with the addition 
of a little sulphuric acid to prevent hydrolysis. One c.c. of this 
solution was taken as unity in the determination of m. 

Preparation of Uranium Acetate Solution Twenty-eight grams 
of uranium acetate, UO,(C,H,0,).,2H,O, were dissolved in 600 c.c. 
of water and 35 c.c. of dilute sulphuric acid (10 grams per 100 c.c.), 
17-5 c.c. of sodium acetate solution (30 grams per 100 c.c.) were 
then added, and the solution was boiled under reflux for thirty 
minutes. The flocculent matter which appeared was filtered off, 
and the volume made up to 700 c.c. 

Estimation of Total §-Activity—Twenty c.c. of this solution 
were diluted with 50 c.c. of water, and 5 drops of a thorium nitrate 
solution (1 ¢.c. = 0-08 gram of thorium) added. After mixing, 
0-5 gram of ammonium benzoate was added, and the solution boiled 
under reflux for five minutes. The precipitate of thorium benzoate 
was immediately filtered off by suction on a double layer of ash-free 
filter-paper, about 1} inches in diameter, supported on a porce ain 
plate. This was the method adopted for all subsequent filtrations. 

This treatment removed about 98 per cent. of the uranium-X. 
A further treatment with 5 drops of thorium solution removed the 
remainder. 

The §-activities of these precipitates and also of the flocculent 
matter were observed, corrections were made for decay between 
the times of precipitation and observation, and the readings 
standardised by comparison with a standard of uranium oxide. 
8-Activity of flocculent matter = 67-48 div. per min. 


99 first ppt. = 10-8 
” second ppt. = 0-2 


€ 


99 700 c.c. of solution = 11-02 x 35 = 385-70 


Total 453-18 


Log. x/m. 
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This is the 8-activity due to uranium-X when present in 
equilibrium quantity. 

Removal of Thorium if present.—The clear solution (680 c.c.) 
was raised to boiling under reflux, and 1 c.c. of the iron solution 
was added. After boiling for thirty minutes, the solution was 
filtered hot. Scarcely any iron was precipitated owing to its 
sight solubility. A further 1 ¢.c. of iron solution was now added 
to the boiling solution, which was again boiled for thirty minutes 
and filtered, and a precipitate was now obtained. The treatment 


Fie. 1. 


4 6 
Log. c. 


with iron was repeated sixteen times. This removes any thorium 
which might be present together with all the uranium-X. The 
solution was made up to the original volume (680 c.c.) and left 
for several weeks to generate uranium-X. 


Series I. Thorium Absent. 


Five hundred and sixty c.c. of this solution were brought to 
boiling under reflux, 5 drops of the iron solution were added, the 
solution was boiled for thirty minutes, and the precipitate of basic 
ferric acetate filtered off. This treatment with 5 drops of iron 
solution was repeated six times. 
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The £-activities of these precipitates were observed. The total then F 
B-activity due to uranium-X was obtained by calculation from the a2 
decay curve and checked by a determination on a fresh quantity Thy 


of the original solution. 

The equilibrium activity after each precipitation was obtained 
by difference, the amount of uranium-X regenerated between 
experiments being taken into account; this correction was most 
important towards the end of the series. 

The amount of adsorbent was determined with N/200-titanous 


chloride. 1 
The results are given in Table I, and the graph log. x/m, log. 7 
in Fig. 1 (ABCD): m = amount of adsorbent (1 c¢.c. of iron solu. " 
tion = 1), x = @-activity of adsorbent in div. per min., ¢, = equi- > 
librium §-activity in solution (560 c¢.c.), and ¢ = equilibrium , 
B-activity per 100 c.c. The total 8-activity of 560 ¢.c. of solution 
at the start was 289-87 div. per min. - 
iron 
TaBLE I. - 
; : elet 
Series I. Thorium Absent. " 
Jo. m. 2. C} e. log. x/m. log. ¢. ap} 
1 0-246 180-16 109-8 19-60 2-865 1-292 anc 
2 0-255 71-84 38-02 6-79 2-450 0-832 It: 

3 0-231 25-81 12-43 2-22 2-048 0-346 

4 0-222 8-20 4-45 0-794 1-568 T-900 

5 0-164 2-85 1-92 0-343 1-240 1-535 

6 0-192 1-36 0-80 0-143 0-850 1-155 

7 0-681 | ; 207 

15 drops fj 1-10 -_— — 0-207 — = 
The results obtained were fully confirmed by repetition. : 
. . 3 
Series II. Thorium Added. 4 
; ane 5 
The solution which had been used for Series I was, after keeping 6 


for some weeks, used for this series also. 

The amount of uranium-X corresponding with 1 div. per min. 
of B-activity was calculated and found to be 0-407 x 10°! gram. 
One c.c. of thorium nitrate solution was found to contain 0-07575 
gram of thorium. The same number of atoms of uranium-X 
would weigh 0-07513 gram and would give a $-activity of 1-846 x 10" 
div. per min. 

By successive dilution, solutions of thorium were prepared of 
concentrations comparable with that of the uranium-X solution. 
The procedure was to add the desired amount of thorium (con- 
tained in 1 c.c. of water) to 50 c.c. of the uranium-X solution of 
known strength and to heat the mixture to the boiling point. Ten 
drops of an iron solution of one-fifth the original strength were 


AND ITS ISOTOPE, THORIUM, BY BASIC FERRIC ACETATE. 1741 


then added, and after boiling for thirty minutes, the precipitate 
was filtered off and the 8-activity and the iron determined. 

The first addition of thorium was equivalent to 0°2 c.c. of the 
original thorium nitrate solution, which corresponds with the 
number of atoms of uranium-X giving a @-activity represented by 
369 x 10! div. per min. Fifty c.c. of the uranium-X solution 
had a @-activity represented by 24-78 div. per min., so that the 
concentration of the element “ atomic number 90” was raised by 
the factor 1-49 x 10°. 

The results are recorded in Table II and depicted in the graph 
log. z/m, log. c shown in Fig. 1. (The part of the latter enclosed 
by the rectangle ABCD is the graph for Series L.) 

In Table II, 7’ = c.c. of the original thorium nitrate solution 
added, x, = B-activity of the adsorbent in div. per min., x = 
s-activity of the element ‘‘ atomic number 90” on the adsorbent in 
div. per min., m = amount of the adsorbent (1 c.c. of the original 
iron solution = 1), c, = $-activity, in div. per min., in the filtrate 
(50 ¢.c.), in equilibrium, and ¢c = §-activity, in div. per min., of the 
element “‘ atomic number 90 ”’ per 100 c.c. of filtrate in equilibrium. 

The solubility limit was exceeded when 7' = 2, and a precipitate 
appeared on boiling. The activity of this precipitate was observed 
and the solubility limit shown in Fig. 1 obtained by calculation. 
It corresponded with 0-17 per cent. of thorium. 
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TABLE II. 


Series If. Thorium Added. 
Expt. log. 
No. i Ly. xx 1-49-74, m. Cy. cx 1-497. a/m. log. ¢ 
— 21-50 21-50 1-49-! 0-062 3-28 6561-497 2-5195 0-817 


2 2-27 227x108 0-042 22-51 45-0210 10-906 10-827 
‘02 888 8-88 x 108 0-059 15-90 31-80*108 10-352 9-676 
0,2 17-10 17-10x 10% 0-055 7-68 15-36 x 10 8-666 7-360 
“0,2 22-03 22:03x10* 0-076 2-75 550x104 6-636 4-914 


ng -0,2 21-70 21-70x10? 06-080 3-08 616x102 4-606 2-963 

i The results were confirmed by repetition. 

: Tasie III. 

y Series I. Series IT. 

1 Log. x/m : * & & £8. @ 7 8 9 WI 
Oe sseu 0-97 0-97 0-96 0-96 0-97 0-97 | 0-92 0-87 0-77 0-65 0-44 

f Limit of analysis by chemical 


means. 


Results and Discussion. 


For the adsorption of uranium-X in absence of thorium, the 
exponent 1/n was found to be 1 (Fig. 1). With the addition of 
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its isotope, this value was at first not affected, then, with increasing 
concentration, the value of 1/n decreased (Fig. 1), the assumption 
being made that the thorium is divided between adsorbent and 
solution in the same ratio as the uranium-X. The values of |] In 
for the respective logarithms of the concentration on the adsorbent 
(x/m) are shown in Table III. 

At the limit of chemical means of investigation, indicated roughly 
by the arrow in Table III, the value of 1/n is already well below 1. 
This explains why the addition of thorium prevents the adsorption 
of a detectable amount of uranium-X. 

This seems to indicate that at first the potential capacity of the 
adsorbing surface does not alter, but, with increasing surface 
concentration, after a certain point it becomes weaker and weaker. 
Thus, for very small surface concentrations, the value of the ex. 
ponent will be independent of the nature of the adsorbent, solvent, 
or adsorbed substance, and will be equal to 1, but with increasing 
surface concentration the value of the exponent will fall, and the 
greater the surface concentration the smaller will be the value 
of 1/n, other factors being constant. The inability to measure 
the surface of the adsorbent used prevents any conclusions being 
drawn as to the thickness of the surface layer, but the general 
inferences are in agreement with Langmuir’s theoretical deductions 
on the adsorption of gases at a surface (J. Amer. Chem. Soc., 1918, 
40, 1361). 

The adsorption curve (Fig. 1) appears to meet the solubility limit 
quite uniformly, but the small activities obtaining at this point pre- 
vent this point from being established beyond doubt by this method. 

Since the value of the exponent continually decreases once it 
has become less than 1, Freundlich’s adsorption law is strictly 
true only when 1/n = 1. When 1/n is less than 1, the law is an 
approximation holding only over relatively small ranges of con- 
centration. This explains the slight deviations observed by Boswell 
and Dickson and others, and shown by the concavity of their 
graphs to the x-axis. 

The slow rate of change of value of 1/n with increasing concen- 
tration accounts for the constant, fractional values sometimes 
obtained in the investigation of adsorption phenomena. 


Summary. 


1. The adsorption of uranium-X by basic ferric acetate is pro- 
portional to the concentration, and thus the exponent 1/n = 1. 

2. By “artificially ” increasing the concentration of uranium-X 
by the addition of its isotope, thorium, the value of 1/n is at first 
unchanged, but with increasing concentration its value decreases. 
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3 The fall in the value of the exponent with increasing con- 
entration is in general agreement with Langmuir’s theoretical 
deductions on the adsorption of gases at solid surfaces. 

4, The decreasing value of the exponent offers an explanation of 
the deviations observed by Boswell and Dickson. 

5. Freundlich’s adsorption law is strictly true only when the 
exponent equals 1. For values less than 1, the law is only ap- 
proximate, and the comparative constancy of the exponent observed 
by other investigators can be explained by the relatively small 
ranges of concentration over which their observations were made. 

It is intended to carry out similar experiments with surfaces of 
known area, and more fully to investigate the part of the curve at 
the solubility limit. 


It is a pleasure to acknowledge my indebtedness to Dr. J. A. 
(ranston for his instruction and advice on radioactive measurements. 


Royat TECHNICAL COLLEGE, 
GLASGOW. [Received, June 12th, 1922.] 


((X.—The Isolation of Muscarine, the Potent Principle 


of Amanita muscaria. 
By Haroip Kune. 


[xz problem of muscarine, initiated more than half a century ago 
by Schmiedeberg and Koppe (“ Das Muscarin,” Leipzig, 1869), is 
oe of great chemical and pharmacological interest. ‘These workers 
iolated from an extract of the Fly Agaric (Amanita muscaria), 
ising potassium mercuric iodide as a precipitant, a deliquescent, 
yrupy base with very powerful physiological properties, arresting 
the frog’s heart in diastole in very small amounts and having an 
«tion antagonised by atropine. In 1875 Harnack (Arch. Exp. 
Path. Pharm., 4, 168), working in the same laboratory, obtained, 
ly fractionation of the bases as chlorides and as aurichlorides, 
tholine aurichloride as the main and less soluble constituent, and 
fom the mother-liquors muscarine aurichloride. On analysis of 
the latter, he obtained figures for carbon, hydrogen, gold, and 
thlorine in good agreement with C;H,,0,NAuCl,, a substance with 
ite oxygen atom more than choline aurichloride. To this substance 
farnack and Schmiedeberg (ibid., 1876, 6, 101) assigned the con- 
titution of a hydrated aldehyde, corresponding to choline, 
(H,),NCl-CH,-CH(OH),. This was apparently substantiated by 
the observation that choline, when treated with pure nitric acid, 
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gave a “ synthetic muscarine,”’ which in its physiological properties 
and in the analytical values for the carbon, hydrogen, and gold of 
its gold salt and the platinum of its platinum salt appeared to agre 
with those found (in the case of the gold salt) and calculated {iy 
the case of the platinum salt) for muscarine from A. muscaria, 
The evidence furnished by the action of nitric acid on choline was 
corroborated by Nothnagel (Ber., 1893, 26, 801), who described a 
“ synthetic muscarine,”’ and in addition the nitrous ester of choline, 
(CH ),NCI-CH,°CH-O-NO, as produced by this reaction. 

On the pharmacological side, however, BGhm (Arch. Exp. Path, 
Pharm., 1885, 19, 60) had already shown that the “ synthetic 
muscarine ” of Schmiedeberg and Harnack was, in reality, far 
weaker than natural muscarine, and, in addition, had a curare type 
of action on the atropinised frog, not shown by natural muscarine, 
This observation was completely confirmed by Hans Meyer (Ber. 
_ 1893, 26, 801), who used Nothnagel’s preparations. 

In 1914, Ewins (Biochem. J., 8, 209) showed clearly that the 
“synthetic muscarine ”’ (pseudomuscarine) of Schmiedeberg and 
Harnack and of Nothnagel was identical with choline nitrous ester, 
the physiological action of this ester being shown by Dale to exhibit 
all those properties attributed to “synthetic muscarine.”” Choline 


nitrous ester and “ synthetic muscarine ” are, in fact, one and the 


same substance. 

Another complication had meanwhile arisen in the synthesis 
by Berlinerblau (Ber., 1884, 17, 1141) and by E. Fischer 
(ibid., 1893, 26, 470), by different methods, of betaine aldehyde, 
(CH,),NCI-CH,-CHO. As might be expected on chemical grounds, 
it had one molecule of water less than the hydrated form of the 
aldehyde, (CH,),NCI-CH,-CH(OH),, ascribed to muscarine by 
Schmiedeberg and Harnack. According to Hans Meyer, the 
physiological action of betaine aldehyde (anhydromuscarine) was 
quite different from those of the natural and ‘‘ synthetic muscarine,” 
even 10 mg. failing to arrest the frog’s heart. 

Only two workers, Harnack and Nothnagel, claim to have isolated 
natural muscarine from A. muscaria in an analytically pure state, 
other workers either failing to find it (Kiing, Z. physiol. Chem., 1914, 
91, 241; Zellner, Monatsh., 1904, 25, 537; 1905, 26, 727) or being 
mainly concerned with its pharmacology (Harmsen, Arch. Exp. 
Path. Pharm., 1903, 50, 361; Honda, ibid., 1911, 65,454). Harnack 
prepared relatively large quantities of the gold salt, but failed to 
detect any difference in appearance between the choline and 
muscarine aurichlorides; in fact, he states that the gold salts of 
both muscarine and choline crystallise in short or long, prismatic, 
needle-shaped crystals. Nothnagel (Diss., Marburg, 1893), from 
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ies § 350 grams of the complex mercuric iodides of the bases of A. muscaria, 
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avoiding the gold salts owing to the similarity of their appearance, 
obtained, by prolonged fractionation of the platinum salts, 0-5 gram 
of muscarine platinichloride, crystallising in minute octahedra, 
identical in appearance with ‘‘ synthetic muscarine ” platinichloride 
(now known to be choline nitrous ester). On drying at 100°, the 
platinum salt showed no loss. Nevertheless, Nothnagel, having 
determined the platinum content by an indirect method of analysis, 
ascribed to the platinum salt the constitution 
[(CH,),NCl-CH,-CH(OH),],PtCl,,2H,0. 

This is identical with the formula given by Schmiedeberg and 
Harnack to the platinum salt of “synthetic muscarine,” and 
based by them on the platinum content and on a loss corresponding 
with 2H,O at 130—145°. Nothnagel then prepared the gold salt 
from the platinum salt and found that it crystallised in small leaflets. 

It will be seen that the combined labours of chemists and 
pharmacologists had rendered untenable the constitution assigned 
by Schmiedeberg and Harnack either to natural muscarine or 
“synthetic muscarine.”” On the other hand, Nothnagel’s analyses 
of natural muscarine might be interpreted as supporting Harnack’s 
formula, C;H,,0,NCl. Attempts have been made by Schmidt and 
Bode (Annalen, 1892, 267, 268), Nothnagel (loc. cit.), and Ewins 
(Biochem. J., 1914, 8, 366) to synthesise muscarine by the prepara- 
tion of quaternary bases of this formula, or substances of a different 
formula but related to choline. The attempts, whilst producing 
substances of great pharmacological interest, have failed to produce 
a quaternary base having a muscarine action, but devoid of the 
nicotine-curare type of action, which is not present in natural 
muscarine (Dale, J. Pharm. Expt. Ther., 1914, 6, 147). 

To the present author, it appeared that the only hope of further 
progress lay in another attempt to prepare natural muscarine, 
avoiding, if possible, Schmiedeberg and Koppe’s precipitant, 
potassium mercuric iodide. This is not a really efficient precipitant, 
as many as three or four precipitations being necessary on the same 
liquor, with intermediate removal of dissolved mercuric and iodide 
ios. The decomposition of the precipitate, moreover, is a tedious 
and complicated process. In addition, rigorous physiological 
control at each step was a sine quad non, in order to avoid loss of 
active material, either by decomposition or mechanically, as the 
amount of muscarine in A. muscaria was believed to be very small. 

The method employed is given in its essential details in the 
experimental portion, the main lines being indicated here. The 
isolation of muscarine depends on its solubility in absolute alcohol, 
and on its immunity from precipitation by basic lead acetate or 
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colloidal iron. It was only partly precipitated with choline by 
aqueous mercuric chloride in neutral solution. A much large 
proportion was precipitated by alcoholic mercuric chloride, and 
a further quantity by repeating the process after intermediate 
removal of some inhibitory substances. Finally, the residual 
muscarine was completely precipitated by phosphotungstic acid, 
Muscarine can also be precipitated completely by saturating with 
mercuric chloride in alcoholic solution, in the absence of inhibitory 
substances. 

The distribution of active material is shown by the following 

table : 

Aqueous First alcoholic Second alcoholic Phosphotungstic Total 

HgCl, ppt. HgCl, ppt. HgCl, ppt. acid ppt. recovered, 

14% 34% 15% 17% 80% 

The combined precipitated bases thus obtained consist chiefly of 
choline and muscarine in a ratio of the order of 20 : 1, accompanied 
by one or more substances, of which one, at least, is levorotatory. 
The major portion of the choline was separated by fractionation as 
the d-hydrogen tartrate from 95 per cent. alcohol by Honda’s 
method, which is difficult but efficient. Fractionation was then 
continued by means of the aurichlorides, choline aurichloride being 
again the less soluble. From the mother-liquors muscarine auti- 
chloride was finally isolated in large, delicate leaflets, totally distinct 
from choline aurichloride, and from Harnack’s description of 
muscarine aurichloride, but not inconsistent with Nothnagel’s 
description. On analysis, it was found to contain 38 per cent. of 
gold, whereas Harnack and Nothnagel found 43-0 and 42-9 per cent., 
respectively. 

There can be little doubt that Harnack’s muscarine aurichloride 
was choline aurichloride contaminated with muscarine aurichloride, 
which, as the physiological test indicates, is not easy to remove 
completely from choline aurichloride. His description of the 
aurichloride confirms this. Moreover, it seems unlikely that 
Harnack could have had the very large amounts of real muscarine 
aurichloride used in his analyses (the weight of his starting material, 
fresh or dry A. muscaria, is unfortunately not recorded), amounting 
to more than 8 grams. The present investigation has shown, by 
two different physiological methods of assay, that 25-5 kilos. of 
freshly-gathered A. muscaria contain only 0-4 gram of muscarine 
chloride, and Nothnagel, from many hundredweights of fresh 
material, could isolate only 0-5 gram of platinum salt. It is further 
to be noted that Harnack has recorded the activity of his pure gold 
salt, 1/20 to 1/30 mg. of muscarine chloride being required to stop 
the frog’s heart in diastole, a value in agreement with that of 
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Schmiedeberg and Koppe, whose muscarine, according to Harnack’s 
own showing, consisted of choline and muscarine with no attempt 
at their separation. The activity of the muscarine chloride now 
obtained pure is far in excess of this, only 1/500 mg. being required 
to stop the frog’s heart in diastole, a value in agreement with 
Honda’s estimate. If, then, as now seems certain, Harnack never 
had muscarine in even approximately pure condition, the edifice 
raised with so much labour on the basis of his analyses is deprived of 
its foundations. 

Nothnagel’s claim to the isolation of pure muscarine is more 
difficult to disprove. Neither he nor Hans Meyer gives any record 
of its physiological activity. The platinum value of his platinum 
salt, for which he unjustifiably assumes a content of 2H,0, a parallel 
assumption in the case of “‘ synthetic muscarine ”’ (choline nitrous 
ester) having led him into serious error, is not in agreement with 
his value for the gold salt. His description of the gold salt of 
muscarine, as small leaflets, agrees with that of the present author, 
but he apparently attaches no importance to the discrepancy 
between this description and that given by Harnack, according to 
whom choline and muscarine aurichlorides are identical in crystalline 
form. 

Muscarine chloride has therefore a molecular or equivalent weight 
of the order of 210, whilst that of choline chloride is 137. Muscarine 
isnot of the same order of simplicity as choline; there is no evidence 
for the accepted formula with one oxygen atom more than choline ; 
it must be classed with alkaloidal bases of greater complexity, and 
there is no satisfactory evidence that it is aquaternary base. Fortu- 
nately, it appears to be very stable. It is not adsorbed by charcoal 
or kieselguhr, and its activity is unchanged after boiling with 
decinormal acid or alkali. The stability to alkali shows that it 
cannot be an ester of choline, some of which are intensely active. 
Arecoline, the methyl ester of N-methyltetrahydronicotinic acid, 
has a powerful muscarine-like action, but loses the whole of its 
activity after a few minutes’ boiling with decinormal alkali. 

I am indebted to Dr. H. H. Dale, F.R.S., for suggesting a simple 
means of following the distribution of the physiological activity 
during the many chemical operations necessary for the isolation of 
muscarine, by observing the effects on an isolated loop of rabbit’s 
intestine. Without such control the isolation of muscarine would 
have been well-nigh impossible. I am also indebted to Dr. Dale 
and to Dr. J. H. Burn for carrying out the numerous physiological 
estimations required and for determining the limits of activity of 
pure muscarine chloride. 


On an isolated loop of rabbit’s intestine, muscarine chloride 
3P2 
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produces a slightly sub-maximal contraction at a dilution of | inf 
67 millions, a dilution of 1 in 600 millions producing an appreciable 
effect. On the same organ, it is about seven times as active a 
arecoline and five times as active as acetylcholine. 

On perfusion through the toad’s heart in May, it caused stoppageff! 
in diastole at a dilution of 1 in 15 millions and a distinct inhibition 
at a dilution of 1 in 75 millions. It is also more active than acetyl. 
choline on the toad’s heart, 1 in 10 millions of acetylcholine failing 
to stop the same heart. 

Both methods of assay agreed in assigning a content of 0-4 gran 
of muscarine chloride to the extract from 25-5 kilos. of fresh A. 
muscaria, 

On the frog’s heart in May, muscarine is somewhat less active 
than on the toad’s heart. On perfusion, a dilution of 1 in 95 
millions stopped the heart in diastole, and on subcutaneous injection 
into the lymph sac of the frog 0-0001 mg. per gram of frog was 
sufficient to stop the heart in diastole. Honda gives figures in 
almost exact agreement with these. 


EXPERIMENTAL. 


As a result of preliminary experiments in 1919 on the best 
method of preserving the physiological activity of A. muscaria, 


with a view to the eventual isolation of the active principle, it was 
found that the cleanest extract and one containing the maximun 
amount of muscarine was obtained by placing the fresh fungi into 
spirit without previous drying. At elevated temperatures, drying 
appeared to cause loss of activity, whilst drying in a vacuum at 
the ordinary temperature preserved the activity, but gave deeply 
coloured extracts. 

Twenty-five and a half kilos. of fresh A. muscaria, collected in the 
birch woods in the neighbourhood of London in October, 1921, were 
put straightway into spirit, kept for a fortnight, and the spirit was 
decanted off and replaced by fresh spirit. The first and second 
extracts were combined and the fungi thoroughly pressed in a 
tincture press. The alcohol was removed under reduced pressure 
at a temperature below 50°, and the fat removed by ether extraction. 
Of the aqueous liquor, volume 2250 c.c., 2 c.c. were diluted to 200 
c.c., heated at 100° to sterilise, and kept as a standard of reference 
for tracing the later distribution of the physiological activity due 
to muscarine. The main bulk of aqueous liquor was concentrated 
under reduced pressure, at a temperature below 50°, to a viscous 
syrup, and the latter thoroughly extracted with successive portions 
(about 5 litres in all) of absolute alcohol at 50°. The major portion 
of the muscarine was found by physiological assay to have passed 
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into the alcohol. Although the main bulk of syrup containing 
sugars and other inactive material had been removed, a considerable 
quantity of substances insoluble in absolute alcohol was contained 
in the alcoholic extract owing to the inevitable presence of water. 
After a long and tedious series of operations, in which the residues 
obtained on removing the alcohol and as much water as possible 
ety|.f below 50° were thoroughly re-extracted with fresh absolute alcohol, 
also at temperatures below 50° (higher temperatures were found to 
yield empyreumatic substances which gave highly coloured solutions), 
and the residues therefrom were again and again submitted to the 
same treatment, so as to avoid loss of activity, a viscous syrup was 
finally obtained which was completely soluble in a large volume of 
absolute alcohol and when dissolved in 500 c.c. of water gave a 


ctive 
. 95—§ bright yellow liquid with a green fluorescence (compare Harmsen, 
tion | Arch. Rapt. Path. Pharm., 1903, 50, 378). 


The aqueous solution was treated with 837 c.c. of colloidal iron 
solution (5 per cent. Fe,O,), the precipitate removed, and the filtrate, 
after concentration to 400 c.c., treated with a slight excess of basic 
lead acetate solution. After filtration and removal of the lead as 
sulphide, the filtrate was concentrated to a syrup, an extract made 
of the syrup with absolute alcohol, and finally an aqueous solution 
of the alcohol-soluble material. Again most of the muscarine 
present in the original extract was present in the purified solution. 

The aqueous solution (125 c.c.) was treated with a litre of saturated 
mercuric chloride solution and kept below 0° over-night. The 
precipitate, mainly crystalline choline mercurichloride and about 
50 grams in weight, was collected and extracted with successive 
portions of hot water, and filtered from amorphous matter, until 
the filtrate gave no reaction for chloridion. The mercury in the 
precipitate was removed as sulphide, and the filtrate therefrom, 
when tested physiologically, contained 14 per cent. of the original 
active material. The solution containing the main bulk of active 
material non-precipitable by aqueous mercuric chloride was freed 
from mercury as sulphide, from excess of hydrochloric acid as 
sodium chloride, and an alcoholic extract made. This was con- 
centrated to 80 c.c., and 300 c.c. of saturated alcoholic mercuric 
chloride added together with 66 grams of finely powdered mercuric 
chloride. After keeping below 0° for a few days, the precipitate, 
mainly crystalline, was collected and worked up as described for 
the first aqueous mercuric chloride precipitation. The muscarine 
precipitated in this alcoholic mercuric chloride fraction was 34 per 
cent. of the original active material present. 

As 52 per cent. of the muscarine was still unprecipitated by 
mercury salts, it appeared possible that the sodium acetate arising 
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from the process of neutralisation after removal of the lead from the 
basic lead acetate solution was partly responsible, especially as 
sodium acetate is known to inhibit the precipitation of choline } 

mercury salts (Smorodinzeff, Z. physiol. Chem., 1912, 80, 218), 
The solution after removal of mercury was therefore neutralised 
and freed from sodium chloride by extraction with absolute alcohol, 
the alcohol removed, and the residue dissolved in water (100 ¢.¢.), 
A solution of colloidal iron was added as long as any further precipi. 
tation occurred, 280 c.c. being required in all. The filtrate was 
neutralised with sodium carbonate solution, and an extract made of 
the dried residue with absolute alcohol. The concentrated alcoholic 
solution, 25 c.c., was treated with 270 c.c. of hot saturated alcoholic 
mercuric chloride solution, and on keeping for several days below 0° 
there was a copious deposition of solid material. The liquor, 
moreover, set to an alcogel, which disappeared with slight rise of 
temperature. ‘The precipitate was collected and was found to 
contain a further 15 per cent. of the original active material. 

The filtrate was freed from mercury as sulphide and precipitated 
in 5 per cent. sulphuric acid solution (100 c.c.) with 120 c.c. of a 
30 per cent. solution of phosphotungstic acid in 5 per cent. sulphuric 
acid solution. A small resinous deposit alone was obtained which 
contained the whole of the remaining active material, the filtrate 
being inactive. The precipitate was readily freed from phospho- 
tungstic acid by treating with 100 c.c. of 5 per cent. sulphuric acid 
solution, and extraction of the free phosphotungstic acid by succes- 
sive portions of an ether-amyl alcohol mixture (2:1) (compare 
Jacobs, J. Biol. Chem., 1912, 12, 429). The muscarine found in 
this precipitate was 17 per cent. of the original. 

The Phosphotungstic Acid Precipitate——This fraction, containing 
17 per cent. of the muscarine, was somewhat coloured, weighed 
about 2°5 grams as chlorides or hydrochlorides, and was levo- 
rotatory. When treated in solution in absolute alcohol with hot 
saturated alcoholic mercuric chloride solution, the whole of the 
muscarine was precipitated, but on removal of mercury from the 
precipitate and filtrate and of excess of hydrochloric acid as sodium 
chloride, the relative weights of precipitate and non-precipitable 
were 0°5 and 1°8 grams and their rotations [a], — 10° and — 18°. 
Optical examination of other physiologically active fractions showed 
lzvorotation in all cases, but no parallelism between optical activity 
and physiological action. 

Fractionation of Choline and Muscarine as Tartrates.—The 
liquors from the first two mercury precipitations containing the 
major portion of the choline and about 50 per cent. of the muscarine | 
were combined, freed from excess of chloridion as sodium chloride, 
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and the chlorides of the bases present converted into carbonates by 
excess of silver carbonate. The carbonates were then converted 
into the d-hydrogen tartrates, and the choline isolated as choline 
d-hydrogen tartrate by concentration of the aqueous solution to a 
thin syrup at 50° and addition of a large volume of hot absolute 
alcohol in such a way that the syrup passed into solution and the 
dilution of the alcohol was about 95 per cent. Oily drops tended 
to separate on cooling, but on keeping over-night below 0° were 
replaced by crystalline choline d-hydrogen tartrate. By repeating 
the treatment on the mother-liquors a few times and recrystallising 
the choline d-hydrogen tartrate by the same technique, the major 
portion of the choline (15 grams of d-hydrogen tartrate) was isolated 
crystalline aad the whole of the muscarine remained in the uncrystal- 
lisable syrup. 

Fractionation of the Gold Salts of Choline and Muscarine.—Pre- 
liminary experiments with the uncrystallisable tartrate liquor 
containing the muscarine and some choline and other bases, and 
gold chloride, coupled with physiological control, showed that the 
muscarine tended to remain in the mother-liquors and to separate 
inthe later oily fractions of gold salts, which slowly solidified. The 
presence of tartaric acid caused much reduction of gold and also 
inhibited crystallisation of the gold salts. In later fractionations, 
tartaric acid was first completely removed as normal sodium tartrate, 
which is insoluble in absolute alcohol. 

The separation of choline and muscarine gold salts was effected 
as follows. The choline and muscarine chlorides and chlorides of 
other bases present were dissolved in 2 per cent. hydrochloric acid, 
treated with slight excess of 30 per cent. aqueous gold chloride 
solution, and concentrated to a suitable volume. The successive 
crops of choline aurichloride which separated were all accumulated 
and mixed so long as they remained wholly crystalline and composed 
of transparent crystals. Crude muscarine aurichloride as a rule 
tends to separate in quite easily distinguishable pale yellow nodules 
or aggregates. Even under the }-inch objective of a microscope 
no definite crystalline structure was visible. By picking out these 
warts or using other mechanical means of separation, about 0°5 gram 
was obtained. This was recrystallised from dilute acid with 
addition of a few drops of gold chloride solution and gave 0°29 gram, 
crystallising similarly, but with a slight improvement, as under 
the }-inch objective a few leaflets were visible. A second crystalli- 
sation gave a homogeneous crop of glistening, delicate leaflets of 
comparatively large size. The weight of pure muscarine auri- 


chloride was 0°09 gram. 
For analysis, the micro-analytical method with use of the 
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Kuhlmann micro-balance proved satisfactory. The method was 
first checked on choline aurichloride. Owing to the importance of 
the results they are given in detail. 

For choline aurichloride : 


Macro-analysis 0°1776 gave 0°0785 Au. Au = 44°20. 
Micro-analysis 0°01031 ,, 0°00455 Au. Au = 44°13. 


materi: 
chlorof 


erystal 
jeaflets 


crystal 
melted 


001231 ,, 0°00545 Au. Au = 44-28, fj for an 

C;H,,ONAuCl, requires Au = 44°49 per cént. and t 

For muscarine aurichloride : 4 ’ 
0°01080, dried at 95—100°, lost 0°00002. agree’ 
0°01078, dry, gave 0°00416 Au. Au = 38°6 per cent. obser 

From the mother-liquors, after many more fractionations, a§ 4. ™ 
further 0°034 gram of muscarine aurichloride was isolated, crystal. § this € 
lising as before in homogeneous, delicate leaflets. On micro-analysis, J and 
0:01565 gave 0:00591 Au, whence Au = 37°8, a value of the same § and 
order as that obtained with the previous preparation. The mean § ine 
of these gives an equivalent or molecular weight of muscarine § reac’ 


chloride of the order of 210. 
Comparison of Choline and Muscarine.—With phosphotungstic 
acid, both give a voluminous, white precipitate. With Mayer's 


reagent (potassium mercuric iodide), choline gives a crystalline D 
precipitate, whilst muscarine gives an oily salt soluble in excess of § mai 
the reagent. With a very concentrated solution of mercuric iodide § sy™ 
in potassium iodide, choline gives an oil which rapidly crystallises § con 
in needles or octahedra, soluble in excess of the precipitant but § iso 
reprecipitated by dilute sulphuric acid; muscarine, however, gives § 2 
yellow, oily drops very readily soluble in excess of the reagent and J dec 
reprecipitated as an oil by dilute acid. With platinum chloride in (Fe 
aqueous solution, choline gives on concentration prisms or rhombs, LL 
whereas muscarine gives on concentration octahedra, cubes, and by 
tetrahedra. Unlike choline, muscarine gives no precipitate with ap 
aqueous mercuric chloride. With iodine in potassium iodide, both ob 
give dark-coloured, oily drops, and with bromine water a finely sp 
divided precipitate which rapidly disappears. From a moderately de 
concentrated muscarine chloride solution, solid sodium hydroxide A 
sets free a pale yellow oil which, apparently, is not taken up by in 
chloroform. On heating, a basic vapour with an odour of decaying 
fish was evolved, but not a pure trimethylamine odour. o 
Other Constituents of A. muscaria.—On removal of the ether from c 


the ethereal solution of the fat from A. muscaria, a crystalline 
substance separated at the boundary of the fat and separated water 
phase. The solid was collected, weighed 0°25 gram, melted at 
159°, and gave the phytosterol colour reactions. The crude 
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d Wasi material, dried at 100°, lost 4°5 per cent. and gave [«], — 103° in 
chloroform (c = 0°48). It was acetylated, and then melted, after 
crystallisation from alcohol, from which it separated in glistening 
leaflets of indefinite shape, at 170—172°. On hydrolysis and 
crystallisation from alcohol, it separated in glistening leaflets and 
melted, when dried at 90°, at 158—159°. The amount of material 


3. 

3. for analysis was only 0089 gram. It lost 4°5 per cent. on drying 
and then gave C = 83:3; H = 11-0, whereas C,H, 0 requires 
(=847; H=109; C,,H,,O requires C = 83°38; H = 11°9 per 
cent.; Cy9Hg0,H,O requires H,O = 4°7 per cent. The substance 
agrees well with Tanret’s ergosterol from ergot and amplifies the 
observations of Zellner (Monatsh., 1905, 26, 727) on ergosterol in 

1s, af 4. muscaria. A comparison was made of the colour reactions of 

stal. § this ergosterol and its acetyl derivative with those of pure cholesterol 
ysis, § and its acetyl derivatives by the Hesse-Salkowski, Liebermann, 
ame § and Denigés reactions. Ergosterol and its acetyl derivative were 
tean | ineach case more reactive than cholesterol and gave different colour 
rine § reactions, and moreover, when heated at 95—100°, the solids 

became coloured. These observations are probably traceable to 
stie § the increased number of unsaturated linkings in ergosterol (McLean 

er’s § and Thomas, Biochem. J., 14, 1920, 491). 

line During the extraction of the alcohol-soluble material from the 

of § main bulk of syrupy material from A. muscaria by hot alcohol, 

ide § syrupy deposits were obtained, on cooling, which occasionally 


contained crystalline material. Three substances were readily 
isolated pure, potassium chloride, /-leucine, and mannitol. /-Leucine 
gave [a], — 8°1° in water (c = 0°5), volatilised partly at 295°, and 
decomposed between 298° and 305° according to the rate of heating 
(Found: N = 10°6. C,H,,0,N requires N= 10°7 per cent.). 
l-Leucine has previously been recorded as occurring in this fungus 


d by Ludwig (Jahresber. Chem., 1862, 516). Mannitol has not 
h apparently been recorded as occurring in A. muscaria. It was 
h obtained in quantity and identified by comparison with an authentic 
y specimen. In the presence of borax its aqueous solution showed a 
; dextrorotation, proving the mannitol present to be levorotatory. 
All attempts to isolate trehalose, the parent substance of mannitol 


in fungi and known to occur in A. muscaria, were fruitless. 

Fumaric acid was found in the basic lead acetate precipitate, 
confirming a similar observation by Zellner. Its isolation in a 
clean condition is best effected by extraction with ether. 


DEPARTMENT OF BIOCHEMISTRY AND PHARMACOLOGY, 
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CCX1I.—The B-Chlorovinylarsines. 


By Freperick GreorGe Mann and WILLIAM JACKSON Popz, 


ACETYLENE is absorbed by arsenic trichloride in presence of 
aluminium chloride, and from the product, after treatment with 
water, three substances of novel types may be isolated, namely, 
8-chlorovinyldichloroarsine, CHCI:CH-AsCl,, 88’-dichlorodivinyl. 
chloroarsine, (CHCI°CH),AsCl, and £§'§’’-trichlorotrivinylarsine, 
(CHCI:CH),As. A brief description of the reaction involved and 
of the properties of the products has been given by Green and 
Price (T., 1921, 119, 448), and the results of a fuller examination 
of the chlorovinylarsines are recorded in the present paper. 

The mixture of the three above-named arsines, prepared as 
described by Green and Price, was carefully fractionated with the 
aid of a long glass column packed with short sections of glass tubing 
in imitation of the Raschig ring dephlegmator. The pure com- 
ponents thus separated have the following boiling points : 

6-Chlorovinyldichloroarsine : 76—77°/12-5 mm. and 82°/16-5 mm. 

68’-Dichlorodivinylchloroarsine : 108—109°/10-5 mm., 116— 
117°/15 mm., and 120—121°/17 mm. 

66’8’’-Trichlorotrivinylarsine : 139—140°/13 mm. and 144°/16 
mm. This substance crystallises on cooling in long, white needles 
which melt at 23°. 

These three arsines are converted by oxidation into the corre- 
sponding quinquevalent arsenic compounds. The §-chlorovinyl- 
arsinic acid, CHCI:CH-AsO(OH),, obtained from the primary 
dichloroarsine, gives a mono-ammonium salt; the 8§’-dichloro- 
divinylarsinic acid, (CHCI:CH),AsO(OH), formed from the secondary 
chloroarsine, gives a well-defined nitrate together with stable 
metallic salts, whilst the oxidation product, (CHCI:CH),AsO, of 
the tertiary arsine yields a crystalline nitrate, but does not behave 
asanacid. The latter oxide corresponds with the arsine dibromide, 
(CHCI:CH),AsBr,, and the methiodide, (CHCI:CH),As(CH,)I, 
described below. 

The tertiary arsine condenses with chloramine T, yielding a 
product of the constitution (CHCI:CH),As:N-SO,°C,H,°CH,; this 
compound is of a novel type, containing the grouping >As:N-, 
and may be termed an “arsylimine” from its analogy to the 
sulphimines, containing the group —S:N—, which we have recently 
described (this vol., p. 1052). The tenacity with which the arsy]l- 
imine retains one molecular proportion of water arouses the sus- 
picion that it may contain the saturated grouping, As(OH)-NH—. 

The behaviour of the tertiary arsine towards platinic, palladous, 
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and auric chlorides is of interest. Cahours and Gal (Compt. rend., 
1970, 70, 897, 1380; 74, 208) found that triethylphosphine reacts 
vith platinic chloride, yielding two isomeric platinochlorides, of 


™ the composition (Et,P),PtCl,, both of which combine with more 

© of ft the phosphine giving the platinichloride, (Et,P),PtCl,; they 
With f tained an analogous set of compounds with triethylarsine and 

nely, platinic chloride and showed that triethylarsine yields the com- 

inyl. pounds (Et,As),PdCl, and Et,AsAuCl with palladous and auric 

sine, § hlorides, respectively. 

and § We find that 68’g’-trichlorotrivinylarsine behaves like triethyl- 
and Bisine towards palladous and auric chlorides, yielding the sub- 
tion B tances [(CHCI:CH),As],PdCl, and (CHCI:CH),AsAuCl, but that 

its behaviour towards platinic chloride is different. We have 

48 Ff ibtained two compounds which analysis shows to correspond 
the Bi yith the formulz [(CHCI:CH),As],Pt(CH:CHCl), and 

ng {(CHCI°:CH),AsCl],{(CHCL:CH),As-OH },PtCl, ; 

ym- 


if these constitutional formulz are correct, and this we cannot yet 
assert, the substances correspond in type of constitution with the 
triethylphosphine and triethylarsine platino- and platini-chlorides 
of Cahours and Gal. 


EXPERIMENTAL. 

8-Chlorovinylarsinic Acid, CHCl:CH-AsO(OH),.—8-Chlorovinyl- 
dichloroarsine is vigorously oxidised when warmed with an equal 
volume of concentrated nitric acid; the oxidation sets in spon- 
taneously in the cold, and the resulting solution, when chilled and 
sxratched, deposits 6-chlorovinylarsinic acid as a mass of colourless 
crystals. The acid crystallises from a mixture of acetone and 
earbon tetrachloride in long needles melting at 130° (Found: 
(i= 19-1. C,H,O,ClAs requires Cl = 19-0 per cent.). 

When the acid is heated in a vacuum at 110—115°, it loses one 
nolecular proportion of water, giving the corresponding anhydride, 
schlorovinylarsinic oxide, CHCI:CH:AsO, (loss found = 9-68. 
1H,O requires 9-66 per cent.). The anhydride forms a fine, white, 
hygroscopic powder and decomposes violently at 242° (Found : 
(= 20-7. ©,H,O,ClAs requires Cl= 21-0 per cent.). All 
attempts to recrystallise it resulted in the production of the original 
acid. 

The mono-ammonium salt, CHCI:CH:AsO(OH)-O-NH,, crystallises 
om evaporating an ammoniacal aqueous solution of the acid and 
is obtained in six-sided plates or in long needles; it melts at 163° 
with decomposition (Found: Cl = 17-4; N= 7-0. C,H,O,;NCIAs 
requires Cl = 17-4; N = 6°9 per cent.). 

We were unable to prepare §-chlorovinylarsenious oxide, 


CHCI:;CH-AsO, by hydrolysing the corresponding chloride with 
3 P*2 
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potassium carbonate or dilute sodium hydroxide in the cold, only 
arsenious acid and acetylene being obtained, as indicated by the 
experiments of Green and Price. On treating the chloride jp 
carbon tetrachloride solution with hydrogen sulphide, hydrogen 
chloride is evolved and a viscous liquid deposited; the latter js 
purified by solution in carbon disulphide and evaporating, when a 
pale-yellow, viscid liquid with a strong garlic-like odour results, 
This substance solidifies to a hard resin on strong cooling, but 
could not be induced to crystallise; analysis showed it to be the 
impure §-chlorovinylarsenious sulphide, CHCI:CH-AsS, but no 
satisfactory method for purifying it was found. 
88’-Dichlorodivinylarsinic Acid, (CHCI:;CH),AsO-OH.—Green and 
Price obtained a crystalline oxidation product, melting at 97°, 
by the action of nitric acid on §§’-dichlorodivinylchloroarsine; 
the preparation was repeated, the solid product being recrystallised 
from chloroform. The colourless, needle-shaped crystals thus 
obtained melt at 99° and consist of §8’-dichlorodivinylarsinic acid 
nitrate, (CHCI:CH),AsO-OH,HNO, (Found: Cl = 24:3; N = 47. 
C,H,O;NCI,As requires Cl = 24-1; N = 4-8 per cent.). 

This salt seems to resist hydrolytic dissociation, but is decom- 
posed when dissolved in water, with the aid of alcohol, and treated 
with sufficient standard sodium hydroxide solution to neutralise 
the nitric acid present; on extracting the aqueous solution with 
chloroform and evaporating the extract, the free {8’-dichloro- 
divinylarsinic acid, (CHCI;CH),AsO-OH, remains as a crystalline 
mass. The acid crystallises in colourless needles from carbon 
tetrachloride containing a little benzene, and melts at 120° (Found: 
Cl = 30-8. (C,H,0,Cl,As requires Cl = 30-7 per cent.). The 
ammonium salt cannot be prepared in aqueous solution, but on 
evaporating an aqueous alcoholic solution of the acid with the 
equivalent quantity of caustic potash solution, the potassium salt, 
(CHCI:CH),AsO-OK,4H,0, crystallises in colourless plates (Found : 
K = 11-4; Cl= 20-8. C,H,,0,Cl,AsK requires K = 11-5; Cl= 
20-8 per cent.). The crystals melt at 49° and (when kept in 4 
vacuum over phosphoric oxide for several days) yield the anhydrous 
salt as a white, hygroscopic powder melting at 158° with decom- 
position (Found: K = 14-7; Cl = 26-1. C,H,O,Cl,AsK requires 
K = 14:5; Cl = 26-4 per cent.). 

The sodium salt, (CHCI°CH),AsO-ONa,4H,O, prepared in a 
similar manner, forms small, colourless plates melting at 70° 
(Found: Na=7-1. ©,H,,0,ClAsNa requires Na = 7-1 per 
cent.). Dr. H. H. Dale, F.R.S., of the National Institute for 
Medical Research, reports that this substance has no efféct of any 
importance on T'rypanosoma equiperdum infection in mice. 
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# gg’-Dichlorodivinylchloroarsine yields a clear solution when 
boiled in aqueous solution with the equivalent quantity of chlor- 
amine T; only 6’-dichlorodivinylarsinic acid and p-toluene- 
sulphonamide could be isolated from the solution. The oxide 
corresponding with the chloroarsine could not be prepared by 
treating the latter with the calculated quantity of caustic alkali; 
in light petroleum solution, the chloroarsine yields a granular, 
orange-red precipitate on addition of one molecular proportion 
of bromine, but this perbromide gives off hydrogen bromide when 
separated and exposed to the air. 
38'8’’-T'richlorotrivinylhydroxyarsonium Nitrate, 
(CHCI:CH),As(OH)-NO,. 
—8’g’’-Trichlorotrivinylarsine is attacked violently by nitric acid 
and it is desirable to oxidise it in quantities of not more than 
2 grams by cautious warming with an equal volume of concen- 
trated nitric acid in a capacious flask; a mass of colourless crystals 
is deposited on cooling, and this product, when crystallised from 
a little chloroform, separates in small needles melting at 103° 
(Found: Cl= 31:3; N=41. C,H,0O,NCI,As requires Cl = 
31-4; N= 4-1 per cent.). When the hydroxy-nitrate is treated 
in aqueous solution with an equivalent of caustic soda, the solution 
extracted with chloroform, and the chloroform extract evaporated, 
a crystalline residue is obtained; on crystallising this from 
benzene containing a little carbon tetrachloride, 88'8’’-trichloro- 
trivinylarsenic oxide, (CHCI:CH),AsO, separates in long, colourless 
needles or in small plates which melt with decomposition at 154° 


(Found: Cl = 38-7. C,H,OCI,As requires Cl = 38-6 per cent.). 
ind : a8'8" - Trichlorotrivinylarsine  dibromide, (CHCLCH),AsBr,, 


separates in colourless needles, which melt at 107°, when 68’8’’-tri- 
chlorotrivinylarsine is cautiously treated in a freezing mixture 
with bromine (1 mol.), both in light petroleum solution. The 
substance is conveniently analysed by weighing the silver bromide 


nd : precipitated on adding silver nitrate to its solution acidified with 
[=F nitric acid (Found: Br = 38-4. C,H,Cl,Br,As requires Br = 
n@@ 38-1 per cent.). The dibromide may be recrystallised from boiling 


light petroleum, but the needle-shaped crystals which separate 
are followed by smaller crystals of some other product which melt 
at about 119°. On hydrolysing the dibromide by treatment with 
the calculated quantity of sodium hydroxide solution and extracting 
the clear solution with chloroform, the corresponding arsenic 
oxide melting at 154° is obtained by evaporating the chloroform 
extract. 

On adding bromine (3 mols.) to the trichlorotrivinylarsine, both 
in cold light petroleum solution, a deep red precipitate is formed ; 
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this substance seems to be stable in a vacuum, but becomes white 
when preserved for several days in a bottle. 
68’6’’-Trichlorotrivinylarsine sulphide, (CHCI7CH),AsS, could 
not be prepared by heating the arsine under reflux with sulphur 
in benzene or ether solution or by heating it with sulphur at 100°, 
Hydrogen sulphide acts on the dibromide in chloroform solution 
with evolution of hydrogen bromide, deposition of sulphur, and 
regeneration of the parent arsine, in accordance with the equation 
(CHCI:CH),AsBr, + H,S = (CHCI:CH),As + 2HBr + 8. 
86'8’’-T'richlorotrivinylmethylarsonium Iodide, 
(CHCI-CH),As(CH,)I. 
—On heating the arsine with an equimolecular proportion of methy| 
iodide for twenty-seven hours at 100° in a sealed tube, the mixture 
solidifies almost completely to a mass of needle-shaped crystals; 
after washing the solid with petroleum and recrystallising it from 
alcohol, the methylarsonium iodide is obtained in lustrous, colourless 
needles melting at 209°. The iodide is analysed by acidifying its 
aqueous solution with nitric acid and collecting the silver iodide 
which is precipitated in the cold on addition of silver nitrate solution 
(Found: I = 31-4. C,H,Cl,[As requires I = 31-6 per cent.). 
88'8”"-Trichlorotrivinylarsine-p-toluenesulphonylimine, 
(CHCI°CH),As:N-SO,°C,H,Me,H,0. 
—A solution of the tertiary arsine is boiled in acetone solution with 
chloramine T (1 mol.) for twenty minutes, filtered, and the filtrate 
evaporated to dryness; the crystalline residue is washed with water 
and boiled with ether to extract sodium chloride and toluene- 
sulphonamide, and then recrystallised from benzene. The arsyl- 
imine is thus obtained in colourless plates melting at 124° (Found: 
C= 34-7; H=3-4; N=3-1; Cl= 23-8. C,,H,,O,NCI,SAs requires 
C= 349; H=3-4; N=3-1; Cl= 23-8 per cent.). When the 
powdered solid is added to hot benzene containing a fragment 
of calcium carbide, no evolution of acetylene occurs; it is there- 
fore possible that the compound contains the grouping NH-As(OH) 
and that the molecule of water, the presence of which is shown by 
the analyses, is not present as solvent of crystallisation. 

Platinum Bis - 8 - chlorovinylbis - 88’8” - trichlorotrivinylarsine, 
[(CHCI°CH),As],Pt(CH:CHCl),—When an aqueous solution of 
chloroplatinic acid, diluted with alcohol, is added to an alcoholic 
solution of the tertiary arsine, long, very pale yellow needles 
separate, followed later by short, lemon-yellow prisms; the 
mixture of crystals is removed and vigorously agitated with a little 
benzene, by which means a residue consisting only of the needles 
is obtained. This substance crystallises from alcohol in very pale 
yellow, almost white, needles and from benzene in pale yellow 
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plates ; it melts at 198° with decomposition (Found: C = 22-9; 
H=19; Cl=33-8; Pt = 23-0. C,,H,,Cl,As,Pt requires 
(= 22:9; H=1-9; Cl = 33-9; Pt = 23-3 per cent.). 

Bis - 88’ -dichlorodivinylchloroarsinebis - 88’ - dichlorodivinylhydroxy- 
arsine Platinichloride, [(CHCI?CH),AsC1},[(CHCI:CH),As-OH],PtCl,. 
—The crystalline mixture obtained above is agitated with dry 
ether until the latter is saturated, and the ethereal extract allowed 
to evaporate spontaneously; the pale yellow needles separate on 
the sides of the beaker and a crust of the lemon-yellow plates is 
formed on the bottom. The latter is further purified by crystallis- 
ation from alcohol and melts with decomposition at 196°; it is 
formed in quantity only in presence of a decided excess of 
the tertiary arsine (Found: C=165; H=14; Cl= 366. 
C,gHg0.Cl,,As,Pt requires C= 16-5; H=1-6; Cl = 36-6 per 
cent.). 

Bis-88'8"'-trichlorotrivinylarsine Palladichloride, 

[(CHCI:CH),As],PdCl,. 

—An alcoholic solution of palladous chloride is added to a cooled 
alcoholic solution of the tertiary arsine; long, yellowish-brown 
needles begin to form within a few seconds and are ultimately 
separated and washed with a little ether. The substance melts 
with decomposition at 196° and is soluble in ether and acetone 
(Found: Cl = 40-5; Pd = 15-5. C,.H,,Cl,As,Pd requires Cl = 
40'7; Pd = 15-3 per cent.). The formation of this characteristic 
compound furnishes a ready means for detecting the presence of 
the tertiary arsine. 
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ne- 
mt 88’8”-T'richlorotrivinylarsine Aurichloride, (CHCI:CH),AsAuCl.— 
d: On adding an alcoholic solution of potassium aurichloride to a 
res cooled alcoholic solution of the tertiary arsine, the mixture rapidly 
he becomes colourless and then slowly deposits small, heavy, white 
nt crystals. After washing and drying, the substance melts at 123° 
re. with decomposition (Found: Au = 40-0. C,H,Cl,AsAu requires 
H) Au = 40-1 per cent.). On exposing the colourless crystals to 
by light for several days, they gradually acquire a purplish-grey 


colour. 
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CCXII.—Catalysis of Hydrogen Peroxide by Finely 
Divided Platinum. The Influence of Inhibitants, 


By Epwarp BRADFORD MAXTED. 


IN previous communications (T., 1920, 117, 1501; 1921, 119, 
225, 1280), it has been shown that the activity of a catalyst for 
the hydrogenation of an ethylenic linking, in the presence of vary. 
ing concentrations of certain inhibitants, is a linear function of 
the concentration of the poison. In certain cases, the main linear 
portion of this poisoning curve persists until more than 90 per 
cent. of the catalytic activity has been suppressed, whilst with 
further additions of the inhibitant the activity of the catalyst 
falls off far less steeply. It appeared desirable to test the applic. 
ability of a linear poisoning law to other types of reaction, and 
with this in view the catalysis of hydrogen peroxide with finely 
divided platinum has been chosen for study. Bredig, Ikeda, and 
Reinders (Z. physikal. Chem., 1901, 37, 1, 323; ‘‘ Anorganische 
Fermente,”’ Leipzig, 1901) have examined this reaction in detail, 
and a study of their results with iodine, bromine, hydroxylamine, 
and hydrochloric acid as inhibitants shows that these are not 
incompatible with an initially linear poisoning law. The results 
of Bredig and his collaborators with cyanogen iodide are apparently 
inconsistent with a linear graph, whilst those obtained for other 
inhibitants are inadequate for the present purpose; moreover, in 
any case, the number of points in positions suitable for testing 
this linear relationship is not large, especially in view of the 
relatively high experimental error. 

In the further experiments which have accordingly been made, 
the platinum catalyst was used in a non-colloidal condition, in 
order to avoid complications due to coagulation. Further, poisons 
such as hydrogen cyanide or carbon monoxide, which, by oxidation 
or otherwise, are changed into products of different toxicity, were 
avoided, and those actually used—mercuric chloride, mercuric 
nitrate, and lead acetate—can be regarded as remaining constant 
in concentration throughout an experiment. The results obtained 
with these inhibitants show that, for a wide range, the activity 
of the catalyst is a linear function of the concentration of the 
poison. With still higher concentrations of the poison, the extinc- 
tion of activity is far less abrupt. 


EXPERIMENTAL. 


In order to prepare an aqueous suspension of finely divided 
platinum of constant activity, an approximately N/20-solution of 
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jatinic chloride was reduced by means of formaldehyde according 
to Loew’s method (Ber., 1890, 23, 289), and the precipitated metal, 
after careful washing by decantation, was made into a suspension 
yith water such that 1 c.c. of the liquid, after agitation, corre- 
sonded with 0-2 mg. of platinum. This suspension, after agitation, 
yas sufficiently uniform in concentration to be subdivided by 
means of a pipette, and the weight of platinum removed in this 
yay was sufficiently constant to cause a close agreement between 
duplicate experiments (see below). The solutions of mercuric 
chloride, lead acetate, and mercuric nitrate employed contained 
(1 mg. of mercury, 0-0835 mg. of lead, and 0-05 mg. of mercury 
per ¢.c., respectively. The stock solution of hydrogen peroxide 
yed for the first series of measurements contained approximately 
3) grams of hydrogen peroxide per litre, whilst for the second and 
third series a second solution, containing 22-6 grams per litre, was 
taken. These were prepared by diluting two samples of com- 
mercially pure hydrogen peroxide, it having been previously ascer- 
tained that the degree of freedom of these samples from inhibitants 
was such that the velocity coefficient during individual experiments 
rmained sufficiently constant for the quantitative comparison of 
the values of this figure in the presence of varying concentrations 
of the inhibitant. The activity of the catalyst was, as before, 
assumed to be proportional to the effect produced by it, that is 
to say, to the initial magnitude of the velocity coefficient produced 
under similar conditions. 


Series 1. Inhibition by Mercury as Mercuric Chloride. 


In order to carry out a measurement, | c.c. of platinum catalyst, 
corresponding with 0-2 mg. of platinum, followed by sufficient 
water to amount, together with that subsequently introduced 
with the inhibitant, to 3-5 c.c. in all, was placed in a 25 c.c. shaking- 
vessel. The desired quantity of mercuric chloride was now added, 
and the mixture kept for thirty minutes at 20°. This period of 
incubation is, as Bredig also observed, necessary for the attain- 
ment of constant results. Little or no difference was, however, 
noticed between the activity of a catalyst which had been sub- 
jected to the action of the poison for thirty minutes and for twelve 
hours respectively ; and, accordingly, the poisoning action may be 
regarded as complete after the period of incubation employed. 
Eight c.c. of stock hydrogen peroxide, containing 30 grams of 
hydrogen peroxide per litre, and previously brought to 20°, were 
now added. The shaking-vessel was connected without delay with 
& measuring apparatus of the type previously employed (T'rans. 
Faraday Soc., 1917, 13, 36), and shaken at a uniform high speed, 
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in order to avoid supersaturation, in a thermostat at 20°, the rate 
of decomposition being meastired by the oxygen evolved. In this 
series, the shaker was started fifteen seconds prior to the begin. 
ning of the experiment, in order to ensure a uniform condition of 
agitation; and the oxygen evolved during this short preliminary 
period was subtracted from the original oxygen value of the 
peroxide taken, in order to determine a, the concentration of 
peroxide at the beginning of the experiment proper. For the 
object in view, namely, the determination of the initial activity 
of the catalyst in the presence of various known quantities of the 
inhibitant, the speed of the reaction during the first few minutes 
is of special interest. With the materials and inhibitants employed 
in the present work, the decomposition proceeded in every case 
approximately according to the unimolecular reaction law. A 
slight decrease in the activity of the catalyst took place, however, 
as the reaction proceeded, but the initial activity could easily be 
obtained by extrapolating the values of & for that corresponding 
with ¢ = 0, and, in any case, the variation in k during the period 
of observation did not usually exceed 10 per cent. of its original 
value. 

In all, seventeen measurements were carried out in the first 
series of experiments, using mercuric chloride as the inhibitant. 
Details of three typical individual decomposition experiments are 
given below, and serve to indicate the nature of the results obtained. 
The results of the remaining experiments, which were very similar, 
are tabulated in less detail later. In the following tables, the 
initial concentration, a, also a — x, the concentration of hydrogen 
peroxide after ¢ minutes, are expressed in gram-molecules per 
litre; and, in calculating &, logarithms to base 10 have been used, 
since relative values only are required. The weights of mercury 
given refer to the actual mercury content of the system. 


TABLE I. TABLE II. TABLE III. 
Hg = 0. Hg = 0-05 mg. Hg = 0-1 mg. 
a—x. k. 
0-571 _— 
0-552 0-015 
0-533 0-015 
0-516 0-0145 
0-500 0-0145 
0-487 0-014 


a—z. k. 4 a—z. k. 
0-512 — 0-481 — 
0-457 0-049 0-447 0-032 
0-411 0-048 0-416 0-0315 
0-370 0-047 0-387 0-0315 
0-334 0-047 0-361 0-031 
0-301 0-046 0-339 0-0305 


OPS DPDeO «~ 


The initial values of k, corresponding with each concentration 
of inhibitant studied, were obtained from the individual results by 
extrapolation for ¢=0; and, on tabulating the series of values, 
it was noted that the activity of the catalyst decreases at first 
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regularly and uniformly with corresponding additions to the poison 
content of the system, until a later stage is reached, during which 
the influence of additional increments of poison is far less marked. 
The values of k, for the seventeen measurements made with 
various concentrations of inhibitant have been collected in 


Table IV. 
TABLE IV. 


Relative Relative Relative 
Mercury initial Mercury initial Mercury initial 
content activity of content activity of content activity of 
of system catalyst of system catalyst of system catalyst 
in mg. (Ky X 108). in mg. (kg X 10%). in mg. (ky X 108). 
0 : 0-125 13-5 
0 F “f 0-15 1 
0-01 7 . . 1 
0-025 ; ). fl 95 
0-04 ‘ BoE 
0-05 
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Mercury content of system. 


The linear nature of the main portion of the poisoning curve is 
best seen by plotting graphically the catalytic activity of the 
platinum against the poison content. Reference to Fig. 1 shows 
that this curve is of the same type as that previously found for 
the inhibition of the activity of catalysts for the hydrogenation of 
an ethylenic linking. The deviation from the linear course occurs 
at a stage at which slightly less than three-quarters of the,original 
activity has been suppressed. 
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In the above measurements with mercuric chloride, it is probable 
that the chlorine ion, in addition to the mercury, contributes to 
a certain extent towards the total inhibitive action observed. 
but, since the salt may, in the extremely dilute solutions employed, 
be regarded as completely dissociated throughout, and since, jy 
any case, the addition of a given increment of mercury involves 
the addition of an equivalent quantity of chlorine ions, the possi. 
bility of additional poisoning by the acidic ion will not affect the 
applicability of the results to the end in view, namely, as a test 
of the extension of the linear poisoning relationship to the decom. 
position of hydrogen peroxide. 


Series II. Inhibition by Mercury as Mercuric Nitrate. 


A number of determinations were also made in the presence of 
mercuric nitrate, prepared by dissolving mercury in nitric acid, 
and acidified with a drop of nitric acid in order to prevent turbidity. 
The experiments were carried out under similar conditions to those 
previously employed, save that 0-3 mg. of a further preparation 
of platinum and 10 c.c. of the second stock solution of hydrogen 
peroxide were taken for each measurement. The values of ky, 
corresponding with the weights of inhibitant stated, are given in 
Table V. 

TABLE V. 


Mercury as Nitrate. Pt = 0-3 mg. 


Mercury content Relative activity Mercury content Relative activity 
of system of catalyst of system of catalyst 
in mg. (ky). in mg. (Kp). 
0 0-034 0-03 0-013 
0 0-035 0-04 0-0105 
0-01 0-029 0-05 0-011 
0-015 0-0235 0-06 0-009 
0-02 0-021 0-08 0-008 


The curve is of an initially linear type, similar to that previously 
obtained with mercury in the form of chloride. 


Series III. Inhibition by Lead as Lead Acetate. 


Two aqueous solutions of lead acetate, containing respectively 
0-0835 mg. and 0-448 mg. of lead per c.c., were taken as the in- 
hibitant, the latter solution being used for measurements in the 
presence of relatively large proportions of the poison. The other 
components of the reacting system and the experimental conditions 
were similar to those used for mercuric nitrate, save that the 
shaking apparatus was started at the actual commencement of 
the experiment, in place of fifteen seconds previously, so that the 
initial concentration of peroxide for the point ¢ = 0 is here uniform. 
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The variation in the activity of the catalyst, measured as before 
by the initial value of k, with varying concentrations of poison, 
isgiven in Table VI. 


- TABLE VI. 
1 
ws Relative initial Relative initial 
es Lead content activity of Lead content activity of 
PoOssi- of system catalyst of system catalyst 
ct the in mg. (ky x 10%). in mg. (Ky X 10°). 
& tes 0 34 0-0835 17-5 
st 0-0167 30 0-125 13-5 
ecom 0-0224 28 0-224 11 
0-0334 27 0-56 10 
0-067 21 0-67 9-5 


0-075 


The curve obtained by plotting the above results graphically 


po is linear for a large portion of its length. 
dity In addition to the above measurements, a series was begun 


with arsenic in the form of sodium arsenate, but the toxic properties 
of this substance, in contrast to its effect in catalytic hydrogenation 


sere (in which arsine is probably the active inhibitant), were found to 
+" be relatively low, an effect which was also noticed by Bredig. 
in In view of the probability that catalyst poisoning of the type 


studied is due to a preferential adsorption of the inhibitant on 
the surface lattice of the catalyst, an investigation of the degree 
of this adsorption is of considerable interest. From preliminary 
experiments, it would appear that dilute solutions of inhibitants 
such as catalytically poisonous metals are strongly adsorbed by 
platinum catalysts; but the adsorption is incomplete, except 
probably in the presence of relatively large concentrations of 
catalyst. Further work on the form of the adsorption curve is 
proceeding. 


rity 
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CCXIII.—Ring-chain Tautomerism. Part III. The 
Occurrence of Tautomerism of the Three-carbon 
(Glutaconic) Type between a Homocyclic Compound 
and its Unsaturated Open-chain Isomeride. 


By CurisToPpHER Kerik INGoLD, EpwarRD ARTHUR PERREN, and 
JOCELYN FIELD THORPE. 


Ir has recently been pointed out (Ingold and Perren, T., 1921, 
119, 1582; Ingold and Powell, ibid., p. 1976) that the condensation, 
usually termed Michael’s reaction, between «$-unsaturated esters 
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and compounds, such as ethyl cyanoacetate, ‘which contain a 
reactive hydrogen atom (marked [H] in the formule below) is 4 
reversible process, the condensation product (II) undergoing fission 
into components (I and II) under the conditions of its formation : 
(I.) CR,==CY-CO,Et CR,—CY[H}-CO,Et 
=— (IIL) r . . A 
\CHX-CO,Et (4) 


(iI.) CH[H]X-CO,Et 
In general, therefore, the result is a balanced action; for any 
particular set of conditions the ultimate product is an equilibrium 
mixture the composition of which is the same, no matter whether 
the starting material is the ester (III) or a mixture of equivalent 
quantities of the esters (I) and (II). 

The proof of the reversibility of this reaction is of interest because 
it completes the analogy with three-carbon tautomerism. For 
example, the equilibrium represented by equation (A) is strictly 
comparable with the equilibrium, the existence of which is clearly 
proved, if further proof be needed, by the very recent experiments 
of Feist and his collaborators (Annalen, 1922, 428, 25, 40, 59, 
68), between the labile glutaconic esters (IV) and (V) : 

av.) = CY ae — (Vv. x pipeline - (B) 

C[H]X-CO,Et CX-CO,Et 

Both reactions are reversible, but reaction (A) is intermolecular, 
whilst reaction (B) is intramolecular; that is, we think, the whole 
of the formal difference between them. It is precisely this differ- 
ence, however, which renders the second reaction alone capable 
of being brought within the philosophical (as distinguished from 
the historical) definition of tautomerism as reversible change 
between isomerides. 

From this point of view, then, the glutaconic acid change is an 
intramolecular Michael condensation. Clearly, however, it is but 
one of a large number of theoretically possible intramolecular 
changes, of which reaction (A) is the intermolecular prototype; 
for the two carbon atoms which become joined by a single bond 
in the reaction represented by equation (A) read from left to right, 
and by a double bond in the corresponding change expressed in 
equation (B), might, one may suppose, become involved in a cyclo- 
propane ring, or a cyclobutane ring, or in larger rings, as a result 
of intramolecular condensation. Since this internal condensation 
would be of the same nature as a Michael reaction, we should 
expect it to be reversible : 

CR=CY-CO,Et CR—CY[H]-CO,Et 
(VI.) => (VIL) | \_ ; 


qa 


(>C),—C[H]X-CO,Et (>C),—CX-CO,Et 


ry 
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Obviously equation (B) corresponds with the particular case in 
which » = 0. The unsaturated open-chain compound (VI) and 
the saturated cyclic compound (VII) are isomerides, and equa- 
tio (C) must therefore be regarded as expressing a kind of 
tautomerism; clearly, moreover, the relationship represented 
belongs to the group of phenomena to which the name ring-chain 


” ‘automerism has been applied. All the examples of ring-chain 
tautomerism hitherto recorded belong to the keto-enol* type, 
— an instance of which (the simplest yet described) has been given 
a by Thorpe and Deshapande (this vol., p. 1430) : 
ent 14 —COCO,.H __ . ae 
CEty Sor -co = “PS GH-c0,H 
use Ff Keto-enol ring-chain tautomerism may be formulated in general 
< terms as follows [equation (D)]: 
‘ly cR=0 CR—O[H] 
its |, a) ry ) — |, a? (P) 
9, (>C),—C[LH]X-CO, Et (>C),—CX-CO, Et 
and there is ample evidence at the present time of its occurrence. 
Equations (C) and (D) are precisely similar, and the former is 
therefore to be regarded, not only as the general expression for an 
internal Michael condensation, but also, on still broader lines, as 
r, the fundamental formula for three-carbon ring-chain tautomerism. 
le [From what has been written with regard to the relationship of 
r- three-carbon ring-chain tautomerism to the ordinary direct and 
le retrograde Michael reaction (A), to the tautomerism of the 
n glutaconic esters (B), and to keto-enol ring-chain tautomerism (D), 
e there seems every reason to believe in the possibility of both the 
occurrence and reversibility of the reactions expressed in equa- 
n tio (C), and, indeed, in the reality of the general phenomenon 
t which this equation represents. 


The simplest imaginable instance illustrating the type of 
tautomerism under discussion would be that provided by the 
interconversion of the unsaturated straight-chain ester (VIII) 
with the saturated cyclopropane ester (IX) : 

hele CH—CH,°CO,Et 
itt) GH-CH-CO,Et = ___ J rC(OOaBt, (IX.) 
H, 


CH,-CH(CO,Et), 


* The term ‘ keto-enol’’ was used in Part I of this series to indicate 
tautomeric change between an open-chain ketone and its hydroxy-ring 
isomeride in order to illustrate the type of phenomenon involved. The 
term is, however, open to the objection that the ‘‘ enol” form is not in this 
case an unsaturated alcohol, and, for this reason, it is proposed in future 
to use the term “ keto-cyclol ” to denote the new kind of tautomerism. 


1768 INGOLD, PERREN, AND THORPE : 


We have not yet synthesised either of these substances, becany 
on consideration it seemed that in the case next in order of sim. 
plicity, 
CH:CH-CO,Et 
ta — 
%) CH<cH -CH(C6,Et), = CH K or ‘ee 


/ SH—CHyCO,Et 
6,Et), (XI), 


there were facts on record which placed in our lea a ready mean 
of investigating the general principle without any recourse ty 
preliminary synthetical experiments. 

At an early period, Guthzeit found that ethyl «-carboxygluta. 
conate (XII), on keeping at the ordinary temperature for a year, 
or on treating with a small amount of piperidine for a much shorter 
period, became transformed into a liquid “ bimeric ” ester, to which 
formula (XIII) was subsequently assigned (Guthzeit, Ber., 1898, 
31, 2753; Guthzeit, Weiss, and Schifer, J. pr. Chem., 1909, [ii], 


80, 435) : 
—_— (CO,Et).*CH-CH—CH-CO,Et 
(CO,Et),CH-CH:CH-CO,Et CO,Et-CH—CH-CH(CO,Et), 


(XII) (XIIL.) 


Ethyl dicarboxyglutaconate (XIV) appeared to undergo a similar 
change, but more slowly. In this case, however, the condensation 
product, represented by formula (XV), was a solid, m. p. 103°, 
from which a stereoisomeride, m. p. 87°, could be obtained. In 
the absence of piperidine, the conversion was appreciable after one 
year, whilst if piperidine were added, the change proceeded to the 
extent of 75—80 per cent. in seven weeks (Guthzeit, Ber., 1901, 
34, 675; Guthzeit, Weiss, and Schafer, J. pr. Chem., 1909, [ii], 


80, 412) : 
arm , (CO,Et),CH-CH-C(CO,Et), 
(CO,Et),CH-CH:C(CO,Et), (CO, Ft), —CH-CH(CO, Et), 


(XIV.) (XV.) 


More recently, Verkade showed (K. Akad. Wetensch. Amsterdam, 
1919, 27, 1133) that «-cyanoglutaconic ester (XVI) undergoes 
conversion with great ease, even in the absence of piperidine, into 
a substance to which, by analogy, was given formula (XVII) : 


; ., CO,Et-CH(CN)-CH-CH-CO,Et 
CO, Et-CH(CN)-CH:CH-CO, Et 00,Et- (at CH(CN)- C0,B 
(XVL.) (XVII.) 


In none of these cases has any inquiry been made into the cause 
or mechanism of the changes observed. The term “ polymerism ” 
seems to have been considered sufficiently self-explanatory, and 
no attempt has been made to show why some glutaconic esters 
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‘polymerise ” and others do not, or why the rapidity and com- 
pleteness of the process vary in the way they do in the different 
instances. Neither has any one previously endeavoured to demon- 


it strate the ordered solidarity of the reactions under discussion with 
(XL), any large and well-worked-out group of phenomena. 
The fundamental circumstance is that a glutaconic ester contains 
y mean; within its molecule both the residues by the interaction of which 
urse {fa Michael condensation takes place. For instance, a-carboxy- 
glutaconic ester (XII) contains a malonic ester residue and an 
ygluta acrylic ester residue; if the reaction between these is intra- 
a year molecular, three-carbon tautomerism, in the sense of equation (B), 
shorter is the result; but if the malonic ester residue of one molecule 
which @ reacts with the acrylic ester residue of another molecule, the 
1898, product (X VIII) is a substance (a derivative of the ester X) capable 
9, (ii), fof exhibiting ring-chain, three-carbon tautomerism (equation C) 
with its cyclic isomeride XIX (the corresponding derivative of 
ester XT) : 
2Et), F (CO,Et),C{H]-CH:CH-CO,Et _ _ (CO,Et),C-CH:CH-CO,Et ___ 
(0,Et-CH:CH-CH(CO,Et), ~~ CO,Et-CH[H]-CH-C{H}(CO,Et), 
imiler (XII.) (XVIII) 
sation (CO,Et),C-—-CH-CH}H}-CO, Et (XIX.) 
103°, CO,Et-CH[H]-CH-C(CO, Et), 
. 2 The last reaction is an internal Michael condensation, and the evidence 
> the & (or its reversibility is given on pp. 1775, 1776 and 1785, 1786. 
1901, § However, it may be stated at once that the experiments described 
[ii in this paper prove quite conclusively that the above view of the 
’ mechanism of the reaction is the true one. It is necessary, there- 
fore, to revise the formula (XIII) proposed by Guthzeit, Weiss, 
) and Schafer for the so-called “ bimeride ” of «-carboxyglutaconic 
. ester. Formula (XV) stands correct, but the formation of the 
substance from ethyl dicarboxyglutaconate must be preceded by 
‘am, § the production of the open-chain isomeride (XX), to which further 
088 BF reference will be made below (pp. 1775, 1776, and 1777) : 
was (CO,Et),C-CH:C(CO,Et), 
(CO,Et),CH-CH-CH(CO,Et),  ‘**) 
Et To Verkade’s compound must be given the formula (XXII), the 
' intermediate compound being the unsaturated ester (X XI), 
= CO,Et-C(CN )-CH:CH-CO,Et CO,Et "C (CN )-CH-CH,CO,Et 
_» —f CO,Et-CH,-CH-CH(CN)-CO,Et CO,Et-CH,-CH C(CN)-CO,Et 
id (XXL) (X XII.) 


and we may include here the example described hereunder, in which 
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the substances (XXIV) and (XXV) are successively produced from § Neith 
ethyl «-cyano-y-methylglutaconate (XXIII) : meth: 


° CO,Et*C(CN)-CH:CMe-CO,RM 1, 
CO,Et*CH (CN)-CH:CMe-CO,Et = . 2 il 
er CNY ORM COME 010, Ft-CHMe-CH-CH(CN)CO,E Ie 
(XXITT.) (XXIV.) 00 
oe CO,Ft-C(ON)-CH-CHMe-CO,Et (xxv) 
~~ CO,Et-CHMe-CH—C(CN)-CO,Et 6 
The action of piperidine in promoting these condensations js 
easily understood. As Knoevenagel and Mottek first showed (Ber, Ath 
1904, 37, 4464), piperidine is a powerful catalyst for the Michae §* , 
. ; r . § met 
condensation, and in many cases can be used with advantage in 
. ; ease 
place of the sodium ethoxide more commonly employed. Its lig 
behaviour in the cases now under discussion is well illustrated by a 
the condensation recently described (Ingold and Perren, this vol., ix 


p. 1414) of ethyl dicarboxyglutaconate with ethyl cyanoacetate : 


CH(CO,Et), 
CHG: Ou. + CH,(CN)-CO,Et — CHE CH H(CN}-COLRL 
H(CO,Et), Rt 
(XIV.) (XXVL) alr 


This condensation takes place with ease in the presence of piperidine, 
and there can be no question but that the effect of piperidine on 
the reaction between two molecules of dicarboxyglutaconic ester 
is of a precisely similar character. The reasons for the use of 
piperidine in place of sodium ethoxide in these cases are given 
on pp. 1774 and 1775. 

It seemed at first sight that one of the main theoretical difficulties 
in connexion with the study of these condensations would be the 
interpretation of the apparently fortuitous way in which tendency 
towards self-condensation is linked with structure. The facts are 
as follows. Glutaconic ester itself (XX VIT) does not undergo self- 
condensation; neither does «-methylglutaconic ester (XXVIII), 
nor the labile form of 8-methylglutaconic ester (X XIX). «-Carb- 
oxyglutaconic ester (XII) (isoaconitic ester), however, condenses 
with facility; yet 8-carboxyglutaconic ester (XXX) (aconitic 
ester) shows no tendency to condense : 


CO, Et-CH,-CH:CH-CO,Et CO, Et-CHMe-CH:CH-CO,Et 
(X XVII.) (X XVIII.) 
CO, Et-CH,*CMe:CH-CO, Et 
(X XIX.) 


CO,Et-CH(CO,Et):CH:CH-CO,Et CO,Et-CH,-C(CO,Et):CH-CO,Rt 
(XII) (XXX.) 
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ed from Neither «-cyano-8-methylglutaconic ester (XXXI) nor «-cyano-f- 
methyl-y-ethylglutaconic ester (XXXII) undergoes self-condens- 
ation, but «-cyano-y-methylglutaconic ester (X XIIT) condenses very 
easily; nevertheless, «-cyano-y-ethylglutaconic ester (XX XV) shows 
no tendency to condense : 


(0,Et-CH(CN)CMe:CH-CO,Et CO,Et*CH(CN)-CMe:CEt-CO,Et 


.) (XXXI.) (XX XII.) 
(00,Et-CH(CN)-CH:CMe-CO,Et CO,Et-CH(CN):CH:CEt-CO,Et 
10NS jg (XXITT.) (XXXV.) 


Are Although both a-carboxyglutaconiec ester (XII) and «-cyano-y- 
age in methylglutaconic ester (XXIII) undergo self-condensation with 
7 lis § °° a-carboxy-y-methylglutaconic ester (XX XIII) shows not the 
ed by slightest tendency to do so; the «-carboxy-y-ethyl derivative 
3 vol (XXXIV) shares this property, but the «y-dicarboxy-compound 
ate. § (XIV) condenses with moderate ease : 
(CO,Et),CH-CH:CMe-CO,Et (CO, Et),CH-CH:CEt-CO,Et 

Ei (XX XIII.) (XXXIV.) 

Ethyl «-cyanoglutaconate (XVI) condenses so rapidly that it is 

almost impossible to isolate it; its y-methyl derivative also con- 
dine. | denses; its y-ethyl derivative does not; its y-phenyl derivative 
e ps (XXXVI) shows a (doubtful) very slight tendency towards self- 
ester condensation : 
e of CO0,Et‘CH(CN)-CH:CH-CO,Et = CO,Et-CH(CN)-CH:CPh-CO,Et 
oe (XVL) (XXXVI) 
Ities In considering these facts, it is necessary to take into account 
the | the conditions which govern the occurrence of any Michael reaction. 
ney | These have been broadly indicated in the three papers on the 
are subject which have already appeared. The main points are as 
elf. follows : 
II), (a) The acetic ester which takes part in a condensation must 
rb- contain a negative substituent such as a carbethoxy- or cyano- 


group to confer the necessary mobility on the adjacent hydrogen 
atom; the cyano-group is by far the more effective (compare, for 
instance, the reactivity of ethyl cyanoacetate with that of ethyl 
malonate). 
(b) The acrylic ester involved should be only lightly substituted : 
(i) The presence of a §-substituent, particularly two 6-sub- 
stituents, considerably reduces the tendency towards condensation. 
The effect is apparently a spatial one; the larger are the groups 
the stronger is the inhibition. 
(ii) The presence of an «-substituent greatly inhibits condens- 


at 
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ation, the magnitude of the effect depending on the size of the 
group as under (i). 

(iii) The simple spatial relationships noted under (i) and {ij 
break down in the case of strongly electronegative substituents 
such as the carbethoxy- and cyano-groups, which inhibit conden. 
ation perceptibly but very slightly (compare, for instance, the 
condensation of ethyl malonate with ethyl acrylate, crotonate, and 
fumarate). We must postulate here some kind of polar effect 
superimposed on, or in some other way modifying, the simple 
spatial phenomenon. 

By applying these principles to the cases under discussion, we 
obtain in the first place a complete account of the behaviour of 
all the glutaconic esters which have as yet been examined with 
regard to their capacity for self-condensation. The rules are 
sufficiently definite, moreover, to enable one to predict the sus. 
ceptibilities of those glutaconic esters which have not yet been 
examined in this connexion. 

According to rule (a), it is a necessary condition for self-con- 
densation that the portion of the glutaconic ester molecule which 
may be regarded as its acetic ester residue should contain a negative 
substituent such as the carbethoxy- or the cyano-group; that is 
to say, one or other of these groups must be present in what is 
usually termed the «-position. In agreement with this inference, 
we find that every one of the glutaconic esters which have been 
shown to undergo self-condensation contains an «-carbethoxy- or 
a-cyano-group; no glutaconic ester which lacks a negative «-sub- 
stituent of this sort has ever been shown to undergo this type of 
change. According to rule (a), «-cyanoglutaconic esters should 
undergo condensation more readily than the corresponding «-carb- 
ethoxy-compounds. Actually, ethyl «-cyanoglutaconate passes 
into its condensation product in minutes in the absence of a 
catalyst and instantaneously in the presence of piperidine, whilst 
ethyl «-carbethoxyglutaconate changes in the course of months 
in the absence of a catalyst and in days in the presence of piperidine. 
Another instance of the same kind is mentioned below. 

A 8-substituted glutaconic ester is to be regarded as a 66-disub- 
stituted acrylic ester, and should, according to rule [6(i)] above, 
show but little tendency to condense, even if the conditions 
required by rule (a) are fulfilled. As a matter of fact, all the 
8-substituted glutaconic esters which have as yet been examined 
have failed to exhibit any tendency towards self-condensation. 
(The effect of the presence in the 8-position of the strongly electro- 
negative groups referred to under [b(iii)] has not yet been investi- 
gated.) 
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A y-substituted glutaconic ester may be regarded as an «-sub- 
stituted acrylic ester, and according to rule [b(ii)] condensation 
should be inhibited by the presence in this position of groups 
(other than those the effect of which is expressed in rule [6(iii)]) 
of considerable atomic volume. In agreement with this conclusion, 
we find that if the «-substituent required by rule (a) is a carbethoxy- 
group, any y-alkyl group, even the methyl group, is sufficient to 
prevent condensation; if, however, the «-substituent is the more 
strongly reaction-promoting cyano-group, then not only the 
yhydrogen compound but also the y-methyl compound gives 
condensation products, although y-alkyl groups larger than methyl 
inhibit the reaction. 

Finally, the behaviour of compounds containing a carbethoxy- 
or @ cyano-group in the 8- or y-position should, by rule [O(iii)], 
be generally similar to that of the corresponding substance which 
has a hydrogen atom in place of this group. The similarity of 
behaviour of ethyl «-carboxyglutaconate and ethyl «y-dicarboxy- 
glutaconate forms an instance of the application of this rule, but 
it should be added that glutaconic esters of the type in question 
have not as yet been extensively examined. 

These rules and the facts which they interpret may be sum- 
marised for convenience in tabular form :— 


(A.) Glutaconic esters without a negative «-substituent do not condense. 
CO,Et-CH,°CH:CH-CO,Et | 
CO,Et-CHMe-CH:CH:-CO,Et 

CO,Et-CH,-CMe:CH-CO,Et | a 

CO,Et-CH,°C(CO,Et):CH-CO,Et 

(B) Glutaconic esters * with a 8-substituent do not condense. 

CO,Et-CH(CN)-CMe:CH:CO,Et | 

Th 2 ut | ; 

e-esters {60 Et-CH(CN)-CMeICEL-C0,Et! 2 Bot condense 
(C) Glutaconic esters * [outside classes (A) and (B)] with a 

y-substituent condense if it is sufficiently small. 


(i) «-Carboryglutaconic esters :— 
The ester (CO,Et),CH-CH:CH-CO,Et condenses. 
{(CO,Et),CH-CH:CMe-CO,Et | 
\(CO,Et),CH-CH:CEt-Co, Et J 2° 20t condense. 
(ii) «-Cyanoglutaconic esters :— 
CO,Et-CH(CN)-CH:CH-CO,Et \ 
an {cO:t-CH(CN).CH:CMe-C0,Et J 
CO,Et-CH(CN)-CH:CEt-CO,Et | 
CO,Et-CH(CN)-CH:CPh:CO,Et ! oo eh SINS 


* Excepting those included under (D). 


The esters | 


The esters 


condense. 


The esters { 
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(D) Glutaconic esters with strongly negative * B- or y-substituents 
behave similarly to the corresponding B- or y-hydrogen compounds. 
The ester (CO,Et),CH-CH:C(CO,Et), condenses. 


Thus it appears that all the facts relating to the self-condensation 
of the glutaconic esters are in complete and detailed agreement 
with the general principles which have been reached in other ways, 
and it does not seem probable that any future development will 
necessitate a very serious modification in the guiding rules, 
Evidently, examples of this kind of self-condensation will always 
be comparatively scarce, because so many conditions have to be 


satisfied; but one may venture to predict that it will be found B®“ 
to be observable, for example, in the following cases: ethyl sod 
«-cyano-y-carboxyglutaconate, ethyl «-cyano-8-carboxyglutaconate, : 
and ethyl «$-dicyanoglutaconate. (XX 
In a previous communication (this vol., p. 1414), it was clearly 
proved that the equilibria attained in Michael condensations 
between esters were often of an entirely different order from the 
equilibria between corresponding sodio-derivatives. That this "| 


must be so follows from considerations relating to the heats of 
formation of the sodium compounds. It is the case, for instance, in 
the formation of the substituted methanetriacetic ester (X XVI), 
which cannot be obtained by condensation in the presence of 
sodium ethoxide owing to the adverse character of the equilibrium 
between the sodium compounds. The equilibrium between the 
esters themselves, however, is much more favourable to the 
formation of the condensation product, which may readily be 
prepared from the free esters by the aid of the catalyst piperidine. 
The relationship appears to be a general one. It does not seem 
possible to obtain any tri-substituted methanetriacetic ester of 
type (XX XVII) by the condensation of sodium derivatives owing 
to the large tendency towards fission into simpler esters, (XX X VIII) 
and (XX XIX), by the retrograde reaction. Nevertheless, the two 
esters (XXXVIIT) and (XX XIX) may condense in the free state 
under the influence of some catalyst such as piperidine to form 
considerable amounts of the methanetriacetic ester (XX XVII). 
The general result, therefore, is that the condensation which takes 
place in the presence of piperidine is reversed by sodium ethoxide : 


] 

CHX:-CO,Et _Piperidine 
cHCCHY-CO,Et =———— CH<CHX-CO,Et | cy y.co,nt | 
va CO, Et Sodium ethoxide CZ- ‘CO, Et . 
(XXXVIL) (XX XVIIL.) (XX XIX.) ' 


* The term “ negative” is used in connexion with groups such as CN 
and CO,Et. 
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Now all the compounds (XVIII, XX, XXI, and XXIV) which 
wonstitute the first products of the self-condensation of the glut- 
onic esters (they constitute, also, the open-chain individual of 
the ultimate ring-chain system) are methanetriacetic esters similar 
to(XXXVII). It is therefore to be expected that these substances 
will be formed from glutaconic esters in the presence of piperidine, 
and decomposed into glutaconic esters in the presence of sodium 
ethoxide. Reference to the experimental part of this paper will 
show that this is the case. The ester (XX), which is formed in 
considerable amount from ethyl dicarboxygluteconate with the 
aid of piperidine, and can be isolated in a moderately pure form, 
is converted almost completely into ethyl dicarboxyglutaconate by 
sodium ethoxide : 

CH(CO,Et), Piperidine 

<—C(CO,Et),-CH:C(CO,Et), =———— > 
Nolo 2K), Sodium ethoxide 

cH<C Cou). 4. CH(CO,Et),*CH:C(CO, Et), (XIV.) 

There is every reason to believe that similar phenomena appear 
in the cyclic series, and that, for example, methanetriacetic esters 
of type (XL) exhibit the following analogous relationships : 


(xx.) CH— 


CX-CO, Et __ Piperidine CX-CO,Et 


wa/ >ORR’ a J 
CH cy- “CO, Et ———= CH. =<" ‘CO, Et 
CHZ: CO, Et 
(XL.) (XLL) 


Obviously, all the cyclobutane esters of which this paper treats 
(XV, XIX, XXII, XXV, and three others) are methanetriacetic 
esters of type (XL), whilst their open-chain isomerides (XX, XVIII, 
XXI, and XXIV) belong to type (XLI), and therefore it is to be 
expected that the ester (XV), for example, would show the following 
relations with the ester (XX) : 


C(CO, Et), C(CO,Et), 
cHZ_>CH-CH(CO,Et), ——— CH’ Nene <CH( (CO,Et), 
\ C(CO; git), Sodium ethoxide \ CH(CO, Et), 
‘CH(CO, Et), C(CO,Et), 
(XV.) (XX.) 


The degradation effected by sodium ethoxide is therefore pro- 
gressive (for example, XV —> XX —» XIV), and there is no difficulty 
in understanding the fact that all the cyclobutane esters dealt with 
in this paper are completely disrupted by sodium ethoxide into 
the glutaconic esters from which they were originally prepared. 

It has been shown that the succession of intermolecular and 
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intramolecular Michael condensations by means of which the 
cyclobutane esters are formed can be completely reversed by chang. 
ing the experimental conditions. It remains now to examine the 
evidence for the existence of a definite equilibrium under any one 


particular set of conditions. Consider the pair of isomeric; 
(XV) and (XX). The cyclobutane ester (XV) is a solid (m. p. 103°, f; 


whilst the open-chain ester (XX) is a liquid, so that when crystal. 
lisation of the solid ester has once commenced the equilibrium jn 
the liquid phase becomes continuously disturbed until the whole 
of the material is converted into the solid isomeride. By employ. 
ing a solvent, however, or by allowing interconversion to proceed 
at somewhat above the ordinary temperature, it is easy to show 
that an equilibrium is reached containing upwards of 80 per cent. 
of the cyclic compound and 10—20 per cent. of its open-chain 
isomeride, which can be separated from the mixture in the manner 
described on pp. 1785, 1786. The equilibrium is substantially the 
same whether piperidine is present or not, and it is also the same 
whether the starting material is the cyclobutane ester or the open. 
chain ester or any mixture of them. 

Plainly, therefore, these esters satisfy all the requirements of 
what we have termed the philosophical definition of a tautomeric 
substance, and there is no distinction to be drawn, from this point 
of view, between, let us say, the cyclobutane ester (XV) and Knors 
ketonic ethyl acetoacetate. Both esters, in the fused or dissolved 
state, undergo reversible isomeric change and reach equilibria 
dependent only on the temperature and the solvent. In both 
cases, the reaction, although hastened by the deliberate addition 
of a catalyst, takes place at a more or less considerable speed 
without this aid. In both cases, also, the mechanism of the change 
is extremely simple, involving nothing more than the trans- 
migration of a mobile hydrogen atom. Finally, in both cases the 
pure liquid esters exhibit the phenomenon, so there can be no 
question of a composite reaction, involving, for example, the 
addition and subsequent removal of water. This matter is an 
important one, because the greatest difficulty which at present 
stands in the way of the general recognition of ring-chain tauto- 
merism as a widespread phenomenon, depending, like ordinary 
keto-enol tautomerism, on the mobility of a hydrogen atom, is 
the possibility that interchange between the individuals may be 
a composite process. The molecular changes which lie at the 
basis of the mutarotation of the sugars have been explained by 
Meyer and Jacobsen (“‘ Organischen Chemie,” 2 Awfl., I, 2, 927; 
as simple ring-chain processes, but most workers in the sugat 
group seem to have regarded addition and elimination of water 
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*h they; the mechanism of these changes (compare Lowry, T., 1903, 
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87, 1316). In any case, this possibility cannot be ignored, because 
the reactions considered take place in the presence of water, and 
so do all those to which attention has previously been directed 
in the papers of this series. Now, however, for the first time, 
it seems that we have a clear case of reversible interconversion 
between liquid substances, the one an open-chain compound and 
the other a cyclic compound, by the simple transmigration (for 
surely no other interpretation seems possible) of a mobile hydro- 
gen atom. 

It remains to be added that just as the ketonic and enolic forms 
of ethyl acetoacetate each exhibit their own distinctive chemical 
reactions corresponding with their respective structural formule, 
so the two individuals of the ring-chain system each display all 
the special characteristics expressed by the formule assigned to 
them. The open-chain compound (XX), for instance, is highly 
unsaturated, and on hydrolysis by means of mineral acids yields 
an acid (XLII) the constitution of which is clearly proved by the 
manner of its oxidation. On treatment with cold alkaline per- 
manganate, it takes up four atoms of oxygen and is converted 
almost quantitatively into methanetriacetic acid and oxalic acid, 
one carboxyl group being eliminated as carbon dioxide subse- 
quently to fission at the double bond : 


(0,H-CH:CH-CH(CO,H)-CH(CH,CO,H), —> 
(XLIL) CO,H-CO,H + CO,H-CH(CO,H)-CH(CH,°CO,H), 


| 


CH(CH,*CO,H), ++ CO, 


On the other hand, the cyclic compound (XV) is fully saturated 
and resists the action of permanganate. On hydrolysis by mineral 
acids, it yields a saturated acid of the cyclobutane series. This 
acid, 2: 4-dicarboxycyclobutane-1 : 3-diacetic acid (XLIII), has 
now been obtained in all five of the theoretically possible stereo- 
isomeric modifications, the formation and mode of interconversion 
of which are expressed in the table which follows. We have 
employed Greek prefix-letters for convenience in distinguishing 
the compounds under discussion. Similarly, the cyclobutane ester 
(XXV) undergoes hydrolysis by mineral acids to an acid (XLIV) 


which should also occur in five modifications, although up to the 
(0,H-CH,-CH-CH-CO,H CO,H-CHMe-CH-CH-CO,H 
CO,H-CH-CH-CH,-CO,H CO,H-CH-CH-CHMe-CO,H 
(XLIII.) (XLIV.) 


VOL. CXXI. 3Q 
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present time only two of these have been isolated. They occy 
together in the crude hydrolysis product, and may readily lp 
separated by taking advantage of the large difference in the eas 
with which they yield anhydrides. 


Forms oF THE Acip (XLIII). 
Ethyl dicarboxyglutaconate _P**tial _» Ethyl carboxyglutaconate 
(XIV.) Serr hydrolysis (XIL.) 


~ Con 
te i, 
On 


~ 
nge Octaethyl ester (XV.), a-form | 


c che 


erect (m. p. 103°) 


UOT}eSUSpu0d-sJas 


(HCl) v 
Octaethyl ester (XV.), B-form Hexaethyl ester (XIX.) 


(m. p. 87°) Y (liquid) 


> 


| 
(HCl B-Acid (XLIIL) (iCl) a-Acid (XLIIL) | ator 
Y L (m. p. 198°) ian cae acid) (m. p. 234°) Ps XL 
y-Acid (XLIIL.) ~~. Oh. | 5-Acid (XLIIL) 
(m. p. 186°) | (HC) iso, (Ac,0) j Navaom) (m. p. 207°) 
7 am" (gives dianhydride) 
e-Acid (XLIII.) Dianhydride 
(m. p. 223°) (m. p. 235°) 


These relationships strongly suggest (although, of course, they 


do not finally prove) the stereoisomeric configurations of the 
different acids. The five possible formule are as follow : 


: 
x 


(XLYV.) (XLVL.) (XLVII.) (XLVIII.) (XLIX.) 
(X = CO,H; Y = CH,-CO,H) 


Evidently, the «-acid, which is the first tetrabasic hydrolysis product 
of the «-ester, m. p. 103°, is a double-cis-acid (XLV); it yields a 
dianhydride (L), and on heating with hydrochloric acid changes 


0--CO--CH-CH-CH, CO (L.) 
CO-CH,-CH-CH-CO-O 
successively into the 8-acid (XLVI) and the e-acid (XLIX) by the 


passage of the two carboxyl groups to the trans-position. There 
are only two possible configurations for the octaethyl ester, namely 
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Occur 71) and (LII), and we may assume for the moment that the less 


lily be 
Le Gage 


uate 


1X.) 


table «-modification, m. p. 103°, is the cis-form (LI). This view 


(LI.) (LIL.) 


is rendered probable by several circumstances. For example, it 
is well known that carbethoxy groups in trans-positions with 
respect to the substituents attached to the adjacent carbon atoms 
of an alicyclic ring are always hydrolysed more readily, other 
conditions being the same, than corresponding groups in cis- 
positions, which are protected, it is supposed, by steric inhibition. 
The hydrolysis and subsequent elimination of the least protected 
carbethoxy groups from an ester of the configuration represented 
by formula (LI) would lead to the formation of a tetrabasic acid 
having the configuration (XLV), which we have assigned, for 
other reasons, to the product actually obtained. Similar con- 
siderations applied to the ester (LII), which must be the 8£-ester, 
m. p. 87°, show that this substance should yield an acid the con- 
figuration (XLVII) of which is not only different from that of 
any of the three acids derived from the «-ester, but different in 
such a way that interconversion is not possible by stereomigration 
of a carboxy-group. This corresponds with the y-acid, and we 
are led to assign formula (X LVII) to this acid, and formula (X LVIIT) 
to the 6-acid. Both these acids are stable towards hydrochloric 
acid, as the assigned configurations indicate, and the 5-acid gives 
a dianhydride, as it should. 

In addition to the cyclobutane esters mentioned above, three 
others are described in the experimental portion of this paper. 
lt was anticipated that glutaconic esters which condense with 
themselves would, if their reactivities were of a similar order, 
exhibit a definite tendency to condense with each other. Ethyl 
x-cyano-y-methylglutaconate, ethyl! a«y-dicarboxyglutaconate, and 
ethyl «-carboxyglutaconate all undergo self-condensation at fairly 
comparable rates, and therefore the experiment was tried of 
mixing them together in pairs. In each case, a mixed condensation 
product was obtained. Particular interest attaches to the con- 


densation product of ethyl «-cyano-y-methylglutaconate with ethyl 
3Q2 
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dicarboxyglutaconate. It is a liquid at the ordinary temperatuy 
and consists of an equilibrium mixture of a somewhat complex 
character. Theoretically, the cyclobutane ester (LIII) should be 
in equilibrium with as many as four open-chain isomerides (LIV, 
LV, LVI, and LVII) : 


CO,Et-C(CN)CH:CMe-CO,Et CO,Et-CH(CN)-CH-CHMe-(0,2 
(CO,Et),CH-CH-CH(CO, Et), (CO,Et),C:CH-C(CO,Et), 


(LIV.) . (LV.) 
X UV 
CO,Et—C(CN )-CH-CHMe-CO,Et 
(CO,Et),CH-CH—-C(CO,Et), 


LIIlI. 
V4 ( ) \ 

CO,Et-C(CN)-CH-CHMe:CO,Et CO,Et-CH(CN) CH-CMe‘CO,8 

(CO,Et),C-;CH CH(CO,Et), (CO,Et),CH-CH—-—C(CO,Et), 
(LVL) (LVIL.) 
and there can be little doubt that the above scheme truly represents 
the condition, although, owing to the difficulty of the experimental 
investigation, the evidence is as yet incomplete. 

The cyclic condensation products of ethyl «-cyano-y-methyl- 
glutaconate with ethyl «-carboxyglutaconate (LVIII), and of 
ethyl «y-dicarboxyglutaconate with ethyl «-carboxyglutaconate 
(LIX) are crystalline (m. p. 81° and 92°, respectively), but on 
keeping in the fused condition they soon begin to exhibit the 
reactions of their unsaturated isomerides. 

CO,Et-¢(CN)-CH-CHMe‘CO,Et (CO,Et),CH-CH-C(CO,Et), 

CO,Et-CH,-CH—C(CO,Et), (CO,Et),C—CH-CH,CO,Et 
(LVIIL.) (LIX.) 

These examples are sufficient to show that the formation or the 
disruption of a homocyclic ring is not invariably the clean-cut, 
irreversible process that it has hitherto been imagined. Provided 


that the substituents are suitable, an alicyclic molecule may open}: 


and close again, under ordinary conditions of temperature and in 
the complete absence of any reagent, and may continue to open 
and close for an indefinite period in statistical equilibrium with 
its neighbours, unless crystallisation determines once and for all 
the course of the change. 


EXPERIMENTAL. 
(A) The Preparation of Alkyl-, Carboxy-, and Cyano-glutaconic 
Esters. 
(i) Esters which do not contain a Negative «-Substituent.— 
(a) Ethyl glutaconate was prepared from acetonedicarboxylic 
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wid by Blaise’s method (Bull. Soc. chim., 1903, [iii], 29, 1012), 
ghich is by far the most convenient for the purpose. (b) Ethyl 
ild befaconitate was prepared by Anschiitz and Klingemann’s process 
(LIV }irom ethyl acetylcitrate (Ber., 1885, 18, 1983). (c) Ethyl «-methyl- 
‘I lutaconate was obtained by directly esterifying the corresponding 
-C0,B acid (Thole and Thorpe, T., 1911, 99, 2197). (d) Ethyl 6-methyl- 

2"[elutaconate (the labile form) was prepared by treating ethyl iso- 
: dehydracetate with sodium ethoxide as described by Bland and 
Thorpe (T., 1912, 101, 1565). 

(ii) Hsters containing a 8-Alkyl Group.—(e) Ethyl «-cyano-8- 
methylglutaconate was prepared by condensing ethyl cyanoacetate 
with ethyl acetoacetate (Rogerson and Thorpe, T., 1905, 87, 1687). 
(f) Ethyl «-cyano--methyl-y-ethylglutaconate was prepared from 
CO. ethyl cyanoacetate and ethyl ethylacetoacetate (T,, 1905, 87, 1712). 

2"| (iii) «-Carboxyglutaconic Esters (without a B-Alkyl Group).— 
: (9) Ethyl «-carboxyglutaconate (ethyl isoaconitate) was prepared 
by the method of Guthzeit and Dessel (Ber., 1889, 22, 1413; see 
sents siso Ingold and Perren, T., 1921, 149, 1591). (h) Ethyl «y-dicarb- 
ental oxyglutaconate was obtained by the improved modification (Ingold 
and Perren, loc. cit.) of the original process described by Conrad 
thyl- I ind Guthzeit (Ber., 1882, 15, 281). (i) Ethyl a-carboxy-y-methyl- 
la glutaconate was obtained by treating the methyl derivative of the 
nate preceding one with sodium ethoxide (Thole and Thorpe, T., 1911, 
Fr: 99, 2197). (j) Ethyl a-carboxy-y-ethylglutaconate was prepared 

similarly to the methyl compound (loc. cit.). 

(iv) «-Cyanoglutaconic Esters (without a §8-Alkyl Group).—(k) 
Ethyl «-cyanoglutaconate has been described previously (Ingold 
O,Etf and Perren, loc. cit.). (1) Ethyl «-cyano-y-methylglutaconate was 
prepared by the reaction described in the previous paper (loc. cit.), 
the fand also by the more convenient method given below. (m) Ethyl 
cut, §-cyano-y-ethylglutaconate was prepared by condensing ethyl 
ided § «-carboxy-y-ethylglutaconate (1 mol.) with ethyl sodiocyanoacetate 
ypenf (2 mols.) under exactly the same conditions as were employed in 
d infthe case of the lower homologue (loc. cit.). The quicker method 
peng described below was also used. (m) Ethyl «-cyano-y-pheny]l- 
vith §glutaconate (see p. 1782). 


all 
(B) The Condensation of Ethyl Sodiocyanoacetate with Esters of 


a-Formyl-fatty Acids. 
This condensation, three examples of which are given below, 
micfleads, in general, to the production of «-cyano-y-alkylglutaconic 
«ters and constitutes the quickest and most inexpensive method 
,—fof making these compounds. It is a simple extension of Verkade’s 
vlic reaction (K. Akad. Wetensch. Amsterdam, 1915, 18, 981). 
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Ethyl «-Cyano-y-methylglutaconate (XXIIT).—Ethyl a-formy] 
propionate (66 grams), which was prepared by condensing ethy! 
formate with ethyl propionate in the usual manner, was gradual} 
mixed with a suspension of ethyl sodiocyanoacetate obtained by 
adding ethyl cyanoacetate (57 grams) to a well-cooled solution of 
sodium ethoxide prepared by dissolving sodium (11-5 grams) jn 
absolute ethyl alcohol. The mixture, which contained a bright 
yellow, crystalline precipitate, was heated for one hour, cooled, 
and poured into three volumes of dilute hydrochloric acid. The 
oil was extracted with ether, and the extract washed with water 
and aqueous sodium carbonate, dried, and evaporated. The 
residue, on distillation, gave 23 grams of unchanged ethyl 
«-formylpropionate and 42 grams of ethyl «-cyano-y-methyl- 
glutaconate, b. p. 150—155°/11 mm. (Found: C = 58-4; H =64, 
Calc., C = 58-6; H = 6-7 per cent.). 

Ethyl «-Cyano-y-ethylglutaconate (XX XV).—This ester was pre. 
pared by heating ethyl «-formylbutyrate (48 grams) with a sus. 
pension of ethyl sodiocyanoacetate obtained from ethyl cyanoacetate 
(38 grams), sodium (7-6 grams), and ethyl alcohol (130 grams). 
The product, when worked up as described above, gave 35 grams 
of unchanged ethyl «-formylbutyrate (b. p. 100°/15 mm.) and 
8 grams of ethyl «-cyano-y-ethylglutaconate, which was obtained 
as a colourless, mobile oil, b. p. 163°/14 mm. (Found: C = 60-4; 
H = 7-2. C,,H,,0,N requires C = 60-2; H = 7-1 per cent.). 

In order to confirm the constitution assigned to this ester, it 
was hydrolysed with 50 per cent. sulphuric acid. The product, 
which was extracted with ether and crystallised from water, was 
identified as «-ethylglutaconic acid by direct comparison and by 
the m. p. of a mixture with a genuine specimen. 

The ethyl «-formylbutyrate required for the above experiment was 
prepared by adding a mixture of ethyl butyrate (232 grams) and 
ethyl formate (148 grams) during a period of five hours to a sus- 
pension of molecular sodium (50 grams) in dry ether (400 c.c.). 
Twenty-four hours later, the sodium salts were dissolved in water, 
which was separated from the ether, washed once with fresh ether, 
and then acidified with hydrochloric acid. The formyl] ester, 
precipitated in this way, boiled at 100°/15 mm., the yield being 
48 grams. 

Ethyl «-Cyano-y-phenylglutaconate (XXXVI).—Ethyl formyl- 
phenylacetate (15 grams) was heated with a suspension of ethy! 
sodiocyanoacetate prepared from ethyl cyanoacetate (9 grams), 
sodium (1-9 grams), and ethyl alcohol (25 grams). After forty- 
five minutes, the semi-solid mass was cooled and treated with an 
excess of dilute hydrochloric acid. The oil was extracted with 
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formyl ether, washed with water and aqueous sodium hydrogen carbonate, 
2 ethyif and purified by distillation, when 4 grams, b. p. 200—205°/14 mm., 


adually—f were collected (Found: C = 68-8; H = 6-3. C,gH,,0,N requires 
ned byl (= 66-9; H = 5-9 per cent.). 
tion of 


(C) The Self-condensation of Gilutaconic Esters, Alone and in the 


Ms) in 
bright Presence of a Catalyst (Piperidine). 
ooled,§ §=General Method (Catalytic)—The ester to be investigated (20 


The grams) was mixed with piperidine (1-0 gram) and then allowed to 
Water# remain at the ordinary temperature for one year unless it became 
The apparent at an earlier period that self-condensation had taken 
ethyl place. In those cases in which the reaction product did not 
ethyl. erystallise, self-condensation was always accompanied by a very 
= 66.8 large increase of viscosity. If at the end of a year no crystals had 
been deposited, the ester, whether mobile or viscous, was dissolved 
} pre-# in ether, washed with a little dilute sulphuric acid to remove 
 Sus-B piperidine, and then recovered by drying and evaporating the 
etatell ether. The residue was divided into two portions, one of which 
ams). § was distilled, and the other hydrolysed by means of mineral acids. 
Tams# if the boiling point was that of the glutaconic ester originally 
and wed, and if, also, the sole product of acid hydrolysis was a glutaconic 
uined acid, it was assumed that no self-condensation had occurred. In 
50-4; all cases in which self-condensation did occur acids of the cyclo- 
_ | butane series were readily isolated from the products of hydrolysis. 
T, It} In these instances, the following experiments were tried. 
luct, Non-catalytic Self-condensation——The above experiment was 
Was @ repeated without, however, adding piperidine to the ester. 
Lbyf Reversal of Condensation.—This was effected by treating the cyclo- 
butane ester (1 mol.) with sodium ethoxide (2 mols.). After 
Was f heating for one hour, the product was poured into water and the 
and f oil extracted with ether. By distillation under diminished pressure, 
sus: f or by hydrolysis with mineral acid, the residue which remained 
¢.).] when the ether extract was dried and evaporated was easily proved 
ter,# to consist of the expected glutaconic ester. 
het, Glutaconic Esters Incapable of Self-condensation—The following 
tet, | esters appeared not to have given any condensation product when 
Ing} the above tests were applied : 
(i) Esters which do not contain a negative «-substituent, namely, 
yl] ethyl glutaconate, ethyl aconitate, ethyl «-methylglutaconate, and 
hy! ethyl 8-methylglutaconate. 
8), (ii) Esters containing a 8-alkyl group, namely, ethyl «-cyano-f- 
'y-] methylglutaconate and ethyl «-cyano-$-methyl-y-ethylglutaconate. 
- (iii) «-Carboxy-8-hydrogenglutaconic esters, namely, ethyl «-carb- 
th oxy-y-methylglutaconate and ethyl «-carboxy-y-ethylglutaconate. 
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(iv) «-Cyano-8-hydrogenglutaconic esters, namely, ethyl «-cyano. 
y-ethyl glutaconate and ethyl «-cyano-y-phenylglutaconate, 
(Actually, this ester gave a very small quantity of a crystalline 
compound, m. p. 123°, which may have been a self-condensatioy 
product, but the amount was insufficient for proper investigation.) 

Glutaconic Esters which Undergo Self-condensation.—Definite self. 
condensation products were obtained in four cases, namely, ethy! 
a-carboxyglutaconate (ethyl isoaconitate), ethyl «y-dicarboxy. 
glutaconate, ethyl «-cyanoglutaconate, and ethyl «-cyano-y. 
methylglutaconate. 

(i) Ethyl «-Carboxyglutaconate (ethyl isoaconitate).—The action 
of piperidine on this compound was examined by Guthzeit, Weiss, 
and Schifer (loc. cit.). We have found that, under the standard 
conditions indicated above, self-condensation is practically com- 
plete after one week, whilst in the absence of a catalyst at least 
one year is required. 

Ethyl 2:2:4:4-tetracarboxycyclobutane-1 : 3-diacetate (XIX), 
previously described as ethyl 2: 4-dicarboxycyclobutane-1 : 3. 
dimalonate, is a colourless, fairly viscous oil which cannot be 
distilled without decomposition. Its molecular weight in solvents 
proves the absence of any appreciable quantity of ethyl carboxy- 
glutaconate, and its cyclic structure is indicated by its hydrolysis 
to 8-2 : 4-dicarboxycyclobutane-1 : 3-diacetic acid (p. 1778). Never- 
theless, the ester appears to contain a certain quantity of its 
unsaturated isomeride, as the following tests show. With ferric 
chloride, the ester gives a brown coloration; this property appears 
to be characteristic of the unsaturated isomerides (below), and is 
not shown by any freshly dissolved, pure cyclobutane ester of 
this series. The ester decolorises a limited quantity of neutral 
potassium permanganate instantly; any further amount is 
decolorised only very slowly. 

On warming with an alcoholic solution of sodium ethoxide, the 
ester is quickly and completely converted into ethyl carboxy- 
glutaconate. 

(ii) Ethyl «y-Dicarboxyglutaconate.—Guthzeit, Weiss, and Schafer 
found (loc. cit.) that the action of piperidine on this substance 
leads to a solid ester (XV), m. p. 103°, which on treatment with a 
further quantity of piperidine in benzene solution passes into a 
stereoisomeric modification, m. p. 87°. The former gave the 
a- and £-modifications, and the latter the y-modification, of 2 : 4- 
dicarboxycyclobutane-1 : 3-diacetic acid. We have found that, 
under the standard conditions described on p. 1783, the formation 
of the ester, m. p. 103°, is practically complete in the course of 
two months, whilst in the absence of a catalyst it is just perceptible 
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after one year. In the case of this condensation reversibility is 
easily demonstrated, and its retarding influence can be appreciated 
by freezing out and removing the solid ester at regular intervals, 
4 procedure which greatly hastens the reaction. If the temperature 
issuch that crystallisation does not occur at any stage, the form- 
ation of the ester, m. p. 103°, remains incomplete and a definite 
proportion of ethyl dicarboxyglutaconate may be recovered as its 
gdio-derivative by washing with sodium carbonate (see below). 
In all condensations in which piperidine is employed, a small 
quantity of the material undergoes a side reaction leading to 
dhyl piperidinomethylenemalonate, C;H,9>N°*CH:C(CO,Et),, which 
crystallises from benzene in pale yellow, rhombohedral plates 
melting with decomposition at 216° (Found: C = 61-2; H = 8:3. 
(,3H,,0,N requires C = 61:2; H = 8-2 per cent.). 

a-Ethyl 2: 2:4 : 4-tetracarboxycyclobutane-1 : 3-dimalonate (XV), 
m. p. 103°, is quite stable towards neutral permanganate and gives 
no colour with ferric chloride in freshly prepared solution. The 
product of hydrolysis by acids consists solely of the two saturated 
cyclobutane acids mentioned above. When kept in the fused 
condition, however, or in solution (preferably in the presence of a 
small amount of piperidine), it develops the capacity for reducing 
permanganate and giving a colour with ferric chloride. On cooling 
or evaporating the solvent, the ester does not completely solidify, 
and, in this condition, gives unsaturated products on acid hydrolysis. 
By fusing, or maintaining in solution with piperidine for a sufficiently 
long period, the ester, m. p. 103°, can be converted into an equili- 
brium mixture of the same composition, so far as we have been 
able to find, as that obtained by the self-condensation of ethyl 
dicarboxyglutaconate under the same conditions. This mixture 
contains roughly 80 per cent. of the cyclobutane ester, which can 
be isolated .. the crystalline condition, upwards of 10 per cent. 
of the unsaturated isomeride described below, and a small amount 
of ethyl dicarboxyglutaconate. 

On warming with an alcoholic solution containing sodium 
ethoxide (2 mols.), the cyclobutane ester is completely converted 
into ethyl sodiodicarboxyglutaconate. 

Ethyl axyyee-Hexacarboxy-A*-pentene-5-malonate (XX).—The equi- 
librium mixture obtained either from the cyclobutane ester or from 
ethyl dicarboxyglutaconate was first washed with dilute sulphuric 
acid to remove the piperidine, and then cooled in a freezing mixture 
in order to remove the main bulk of the cyclobutane ester by 
crystallisation. The liquid esters were dissolved in ether and 
shaken with sodium carbonate, which causes ethyl sodiocarboxy- 


glutaconate to be precipitated, then recovered by evaporating the 
3 Q* 
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ether, and again cooled strongly. The ester which remained liquid 
after this treatment consisted essentially of ethyl hexacarboxy. 
pentenemalonate, and, although, presumably, it contained traces 
of the cyclic isomeride, the amount of this substance present 
must have been very small, for no trace of any cyclobutane 
acid could be obtained from the product of hydrolysis by acids 
(below). 

Ethyl hexacarboxypentenemalonate is a colourless oil which 
gives a light brown coloration with ferric chloride and instantly 
reduces neutral permanganate. On leaving it in contact with a 
little piperidine, conversion into the cyclic isomeride takes place, 
the ultimate product being either a liquid equilibrium mixture, 
containing not only the cyclic ester but also a little ethyl dicarboxy. 
glutaconate, or the pure crystalline cyclobutane ester, according 
to the conditions. Alcoholic sodium ethoxide rapidly converts 
the pentene ester into ethyl dicarboxyglutaconate. 

aye-T'ricarboxy-A*-pentene-6-acetic Acid (X LI1).—In order to prove 
the constitution of the above ester, it was hydrolysed by boiling 
with 20 per cent. hydrochloric acid until carbon dioxide and alcohol 
ceased to be evolved. The product was a syrupy acid of approxi- 
mately the correct composition, but it could not be crystallised. 
It was therefore characterised by oxidation. 

The acid was dissolved in sodium carbonate and treated with 
cold 1 per cent. potassium permanganate until the colour became 
permanent. The quantity of permanganate used corresponded 
with a little more than four atoms of available oxygen. The 
small excess of permanganate was destroyed by means of sulphur 
dioxide, and the oxides of manganese were collected and extracted 
twice by treatment with steam. The combined filtrates were 
acidified with hydrochloric acid, evaporated to a small bulk, 
neutralised with ammonium hydroxide, and treated with calcium 
chloride. The calcium oxalate thus precipitated was collected 
and identified by the usual tests. The filtrate was re-acidified 
and extracted with ether. The residue from the ether consisted 
of almost pure methanetriacetic acid (this vol., p. 1420). 

(iii) Ethyl «-Cyanoglutaconate.—This ester undergoes self-con- 
densation much more readily than either of the carbethoxy-com- 
pounds. When freshly regenerated from an alcoholic solution of 
its sodium derivative, it is a mobile oil of the correct molecular 
weight. Self-condensation sets in rapidly, however, and is complete 
before the next day. 

Ethyl 2 : 4-dicyano-2 : 4-dicarboxycyclobutane-1 : 3-diacetate (X XII), 
which has already been described by Verkade as ethyl 2: 4-di- 
carboxycyclobutane-1 : 3-dicyanodiacetate (K. Akad. Wetensch. 
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imsterdam, 1919, 27, 1133), appears to be an equilibrium mixture 
ifthe cyclic ester (XXII) and its unsaturated isomeride. It gives 
the reactions with ferric chloride and permanganate characteristic 
ifthe unsaturated compounds of this series. However, we have 
not yet succeeded in finding a means of separating the two 
constituents. 

iv) Ethyl «-Cyano-y-methylglutaconate—When this substance is 
ept at the ordinary temperature without the addition of a catalyst, 
aystals of the self-condensation product begin to be deposited 
after one month; at the end of three months the whole mass is 
lid. When condensed in the presence of piperidine under the 
standard conditions described above, crystals appear in two to 
three hours, whilst in twenty-four to thirty-six hours the change 
is complete. 

Fthyl 2 : 4-dicyano-2 : 4-dicarboxycyclobutane-1 : 3-di-«-propionate 
(XXV), obtained as described above, crystallises in two forms, 
lng, silky needles, and small, glistening plates. Both forms, as 
well as a mixture of the two, melt at 87° (Found: C = 58-4; 
H=65; M in freezing benzene = 457. C,.,H390,N, requires 
(=58-6; H = 6-7 per cent.; M = 450). 

When the ester is warmed for a short time with an alcoholic 
wlution containing two molecules of sodium ethoxide, the retro- 
grade reaction takes place and the theoretical yield of ethyl «-cyano- 
ymethylglutaconate can be recovered after pouring into hydro- 
chloric acid. 

The ester gives «-methylglutaconic acid when hydrolysed with 
icoholic potassium hydroxide. When acids are used, the product 
isa mixture of the two cyclobutane acids described below. 

trans-2 : 4-Dicarboxycyclobutane-1 : 3-di-«-propionic Acid (XLIV). 
—The cyclobutane ester (10 grams) was boiled with 100 c.c. of 
per cent. hydrochloric acid for twenty-four hours. The 
product was concentrated and extracted with ether, and the 
extract dried with calcium chloride and evaporated. The mixture 
of stereoisomeric acids could not be caused to crystallise, and 
vas therefore boiled for two hours with acetyl chloride. The 
ti-acid was thus converted into its anhydride, which dissolved in 
the acetyl chloride, whilst the insoluble trans-acid became crystalline 
aid could be collected by filtration. After crystallisation from 
glacial acetic acid, it melted at 251° (Found: C = 49-9; H = 5-6; 
I, by titration, = 289. C,,H,,0, requires C = 50:0; H=5-5 
pr cent.; Jd = 288). The acid is stable towards cold alkaline 
permanganate. 

cis-2 : 4-Dicarboxycyclobutane-| : 3-di-x-propionic Acid (XLIV).— 
The filtered acetyl chloride solution was evaporated in o vaoumm 
3 Q* 2 
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over potassium hydroxide until all the acetic acid and acety| 
chloride had been removed, and the residue exposed to moist air 
until crystalline. The acid obtained in this way melted at 144— 
145° after crystallisation from ether (Found: C = 49-9; H = 53, 
C,.H,,0, requires C = 50-0; H = 5-5 per cent.). This melting 
point is very close to that of «-methylglutaric acid (which would 
give similar figures on analysis), but a mixture of the two melted 
at 130°; moreover, the cis-cyclobutane acid is stable towards cold 
alkaline permanganate. 


(D) Condensations between Different Glutaconic Esters : Condensation 
of Ethyl «-Cyano-y-methylglutaconate with Ethyl «y-Dicarboxy. 
glutaconate, Ethyl «y-Dicarboxyglutaconate with Ethyl «-Carb. 
oxyglutaconate, and Ethyl «-Carboxyglutaconate with Ethyl 
a-Cyano-y-methylglutaconate. 


General Method.—These condensations were carried out in the 
presence of piperidine by the general method described on p. 1783, 
with the difference that, in place of 20 grams of a pure ester, 
20 grams of a mixture of two esters in equivalent proportions was 
used. 

Ethyl 2-Cyano-2 : 4 : 4-tricarboxycyclobutane-1-malonate-3-«-pro- 
ptonate (LIII).—This substance, which is formed under the con- 
ditions mentioned above in the course of about two months, is a 
moderately viscous liquid boiling with slight decomposition at 
260°/15 mm. (Found: C = 55-9; H = 6-4. C,,H,,0,.N requires 
C = 56-0; H = 6-7 per cent.). It gives a strong brownish-yellow 
coloration with ferric chloride and reduces permanganate and 
therefore may be assumed to contain at least one unsaturated 
isomeride in appreciable quantity. More than one appear to be 
present, but the investigation is still in progress. 

Ethyl 2:2:4:4-Tetracarboxycyclobutane - 1 - malonate - 3 - acetate 
(LIX).—This substance was formed along with ethyl tetracarboxy- 
cyclobutanedimalonate («-form) when ethyl dicarboxyglutaconate 
and ethyl carboxyglutaconate were condensed together. The two 
esters were separated by fractional crystallisation from ether. 
Ethyl tetracarboxycyclobutanemalonateacetate forms long needles, 
m. p. 92° (Found: C= 55:3; H= 7-3. C©,,H yO, requires 
C = 55-1; H=6-9 per cent.), and is generally similar in its 
properties to ethyl tetracarboxycyclobutanedimalonate. 

Ethyl 2-Cyano-2 : 4 : 4-tricarboxycyclobutane-1-acetate-3-«-propion- 
ate (LVIII).—Crystals of this ester began to appear half an hour 
after the commencement of the condensation, and the process was 
complete in less than one day. The ester was purified by crystal- 
lisation from light petroleum, from which it separated in stout 
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prisms, m. p. 81° (Found: C = 57-1; H = 6-7. C,gH330j9N 
requires C = 57-1; H = 6-8 per cent.). 


(E) Interconversion of the «-, B-, and «-Forms of 2: 4-Dicarboxy- 
eyclobutane-1 : 3-diacetic Acid. Properties of the y-Acid and 
§-Acid. 

The «- and @-acids are formed side by side when ethyl tetra- 
earboxycyclobutanedimalonate («-form) is hydrolysed with boiling 
hydrochloric acid. Prolonging the boiling increases the proportion 
of the B-acid, since the «-acid readily undergoes conversion into 
its isomeride on boiling with 20 per cent. hydrochloric acid. The 
same change takes place on boiling a concentrated acetic acid 
solution of the «-acid. 

Dianhydride of 2 : 4-Dicarboxycyclobutane-1 : 3-diacetic Acid (L).— 
The same dianhydride is produced when either the «- or 6-form 
of the tetrabasic acid is boiled for one hour with acetic anhydride. 
It crystallises on cooling and may be purified by recrystallisation 
from the same solvent, and then melts at 235° (Found: C = 53-5; 
H=3-5. C,)H,O, requires C = 53-6; H = 3-5 per cent.). 

On dissolving in warm sodium hydroxide, acidifying with hydro- 
chloric acid, and extracting with ether, the a-acid is recovered in 
a pure condition. 

«-2 : 4-Dicarboxycyclobutane-1 : 3-diacetic Acid (XLIII).—The 
g-acid is completely stable towards boiling 20 per cent. hydro- 
chloric acid, but on heating at 200° with 30 per cent. acid for five 
hours undergoes conversion into the «-acid, which, after crystal- 
lisation from water, melts with decomposition at 223° (Found : 
C=45:9; H=4-7. CyjH,,0, requires C= 46-1; H = 4-6 per 
cent.). 

The y- and §-Acids.—The y-acid melts at 186°, a little higher 
than the temperature recorded by Guthzeit, Weiss, and Schafer 
(loc. cit.). Both the y-acid and the 38-acid are stable towards 
hydrochloric acid at 180°. On boiling with acetic anhydride for 
a short time, the 4-acid yields a crystalline dianhydride, but we 
are unable to quote a good analysis for this substance because 
its hygroscopic character rendered weighing impossible. The 
dianilic acid prepared from the dianhydride was amorphous. The 
y-acid appeared to yield a hygroscopic syrupy anhydride which 
could not be purified. 
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CCXIV.—The Preparation of Methylguanidine, and of 


BB-Dimethylguanidine by the Interaction of Di. 
cyanodiamide, and Methylammonium and Dimethyl. 
ammonium Chlorides Respectively. 


By Emit ALpHoNsE WERNER and JAMES BELL. 


IN a previous communication (T., 1920, 117, 1133) it was shown 
that guanidine thiocyanate can be readily obtained, in a 90 per 
cent. yield, by heating a mixture of dicyanodiamide and ammonium 
thiocyanate at 120°, according to the equation 


(1) C,H,N, + 2NH,SCN = 2CH,N,,HSCN. 


The reaction has now been extended to the preparation of 
methylguanidine, HN‘C(NH,)-NH°CH,, and dimethylguanidine, 
HN:C(NH,)-N(CH,),. 

In the meantime, Ewan and Young (J. Soc. Chem. Ind., 1921, 40, 
1097), in addition to confirming the authors’ results as regards 
the yield of guanidine thiocyanate, have obtained excellent yields 
of nitrate and sulphate of guanidine, respectively, using the cor- 
responding salts of ammonia in place of ammonium thiocyanate in 
the above equation (1). With ammonium chloride, however, the 
yield of the guanidine salt was not so good, on account of the high 
temperature required to effect fusion of the mixture. In the case 
of methylammonium and dimethylammonium chlorides, this dis- 
advantage does not arise, and practically quantitative yields of 
the substituted guanidine hydrochlorides have been readily obtained. 

It was suggested by the authors (oc. cit.), in explanation of the 
mechanism of reaction (1), that depolymerisation of dicyanodi- 
amide is the first phase in the change, the guanidine salt being 
formed from the union of cyanamide and the ammonium salt, thus, 
CN-NH, + NH,-HSCN — HN°C(NH,)-NH,,HSCN. Davis (Amer. 
Chem. J., 1921, 43, 2234) found that when a mixture of dicyanodi- 
amide with two molecular proportions of ammonium nitrate was 
heated at 120° for six hours, some diguanide nitrate, 

H,N-C(°NH)-NH-C(°NH)-NH,,HNO,, 

was formed, whilst a considerable proportion of the original material 
was unchanged. At 130°, much guanidine nitrate was formed, 
and at 160°, after two hours, the latter salt was produced in amount 
equal to 86 per cent. of the theoretical. 

It was also proved that diguanide nitrate and ammonium nitrate, 
when fused together in molecular proportions, gave guanidine 
nitrate. 
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From these results, Davis concludes that ‘the reaction there- 
fore is not dependent upon the depolymerisation of dicyanodiamide 
as Werner and Bell have supposed.”’ 

This conclusion has, we think, no foundation in fact. There is 
no evidence that the formation of guanidine thiocyanate is de- 
pendent on the previous formation of diguanide in the experiments 
described by us. If the temperature is maintained below the point 
(120°) at which the guanidine salt is readily formed according to 
equation (1), the original substances can be largely recovered 
unchanged. Moreover, the formation of diguanide under the 
conditions recorded by Davis, and the production of which was 
noticed also by Ewan and Young, does not prove that dicyanodi- 
amide is not depolymerised during the progress of the reaction. 
Bamberger and Dieckmann (Ber., 1892, 25, 545) obtained di- 
guanide by heating a mixture of dicyanodiamide and ammonium 
chloride at 195°. Viewing the former as cyanoguanidine,* the 
change was represented thus : 

2) H,N-C(7NH)-NH-CN + NH,,HCl — 
H,N-C(-NH)-NH-C(°-NH)-NH,,HCI. 


According to these investigators, when guanidine hydrochloride is 
heated at 180—185°, it is partly decomposed, yielding diguanide 
hydrochloride and ammonium chloride. This observation would 
sem to favour the view that guanidine is a precursor of diguanide 


in the reactions under consideration. 

Accepting equation (2) to explain the first step in the change 
and assuming that diguanide there reacts with ammonia to form 
guanidine, Davis represents the mechanism of the final reaction, 


thus : 


3) H,N-C(;NH):NH-C(:NH)-NH,,HNO, + NH;,HNO, = 
2(H,N-C(:NH)-NH,,HNOg]. 


How guanidine is actually formed is not made perfectly clear by 
this equation. 


* The suggestion, so generally accepted, that dicyanodiamide is cyano- 
guanidine was originally put forward by Bamberger. The authors have 
very strong reasons for not accepting this view of its constitution. It is 
curious that no attempt has hitherto been made to prove this formula by a 
direct synthesis. By the action of cyanogen bromide on free guanidine, one 
of us (W.) has obtained evidence of the formation of the true cyanoguanidine. 
It is a basic substance bearing no resemblance to dicyanodiamide. It is 
sufficient to state here that in this reaction not a trace of dicyanodiamide 
was formed. Considering the stability of the latter in the static condition, 
it should be formed in such a reaction if it were cyanoguanidine. The theory 
of the mechanism of the polymerisation of cyanamide (Werner, T., 1915, 
107, 716) does not suggest such a formula. 
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As a matter of fact, the production of diguanide from a salt of 


guanidine, and of guanidine from a diguanide salt by the action 
of heat, is a reversible change dependent on the temperature, 
The mechanism of the reactions is strictly comparable with that 
of the formation of biuret from carbamide, and of carbamide from 
biuret as described by Werner (T., 1913, 103, 2275). Thus when 
a guanidine salt is heated, we have as the first step, 

H,N-C(-(NH)-NH,,HX —> NH,,HX + CN-NH,; 
diguanide being formed by the union of cyanamide with a portion 
of the unchanged guanidine salt. On the other hand, a diguanide 
salt, when heated, is decomposed into guanidine and cyanamide; 
if a salt of ammonia is present as shown in equation (3), then a 
second molecule of guanidine results from the interaction 


CN-NH, + NH;,HNO, —> H,N-C(:NH):NH,,HNO,. 


Whilst the formation of more or less diguanide, as an intermediate 
product, during the fusion of dicyanodiamide with certain salts 
of ammonia depends on the temperature required to initiate the 
change, and on the rate of its progress, at no time is there much 
formed under the conditions which give rise to good yields of 
guanidine. 

The authors therefore see no reason for altering their views as 
regards the suggestion put forward to explain the mechanism of 
the formation of guanidine in their previous investigation. In 
the preparation of the two methylated guanidines, the formation 
of methyl derivatives of diguanide has been recognised during the 
progress of the changes. 


EXPERIMENTAL, 

Dimethylguanidine, H,N-C(NH)-N(CH,)..—Expt. 1. An intimate 
mixture of dicyanodiamide (4-2 grams) and dimethylammonium 
chloride (8-15 grams) was heated in a wide-mouthed test-tube 
partly immersed in a bath of glycerol. The tube was closed with 
a cork which carried a loose-fitting thermometer, which also served 
as a stirrer. The mixture, which commenced to melt at about 
45°, and was completely fused at 130°, was heated at 180° for three 
hours. The clear viscous product, while still warm, was dissolved 
in 50 c.c. of pure alcohol. The cold solution, separated by filtration 
from a small quantity (0-14 gram) of insoluble material,* gave, 
after concentration by evaporation, a viscous residue which set to 
a homogeneous, crystalline mass when allowed to cool in a vacuum 
over sulphuric acid. The absence of unchanged dimethylammonium 
chloride in the product was shown by the fact that it yielded nothing 


* This consisted of impurities present in the dicyanodiamide used. 
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I io extraction with pure dry chloroform, a solvent in which this 


salt is very freely soluble (Found: Cl = 28-66. C,H,N;,HCl 
requires Cl = 28-74 per cent.). 

A platinichloride was prepared in orange-red, octahedral crystals, 
which melted and decomposed at 210° [Found: Pt = 33-59. 
(C5HyN5)2,HPtCl, requires Pt = 33-42 per cent.]. Schenck (Arch. 
Pharm., 1912, 250, 306) gives 225° for the temperature of decom- 
position of the platinum derivative obtained from dimethylguanidine 
prepared from s-methylthiocarbamide in accordance with the change 


HN:C(NH,)*S-CH, + HN(CH,), = HN:C(NH,)-N(CH;,), + CH,SH. 


The platinichloride prepared by us for comparison from this source 
was identical in appearance with that given above, and melted at 
the same temperature (210°). The accuracy of the thermometer 
used by us was tested by means of pure substances of known melting 
points between 200° and 230°. 

A picrate prepared from the fusion product melted at 227°. 
Schenck gives 230° for the picrate of dimethylguanidine prepared 
by this method. 

Formation of Dimethyldiguanide.—Expt. 2. Under the conditions 
described above, the yield of dimethylguanidine hydrochloride is 
practically quantitative. When the fused mixture of dicyanodi- 
amide and dimethylammonium chloride was maintained for three 
and a half hours at 120°, a considerable residue (5-5 grams) was 
left after extraction of the product with alcohol as in expt. 1. By 
crystallisation from water, dimethyldiguanide hydrochloride was 
obtained in colourless, glistening prisms which melted at 232° 
(Found : Cl = 21-60. C,H,,N,;,HCl requires Cl = 21-45 per cent.). 
The picrate, pale yellow needles from water, melted at 219°. 

Preparation of Methylguanidine, H,N-C(:NH):-NH-CH,.—Expt. 3. 
A mixture of dicyanodiamide (4:2 grams) and methylammonium 
chloride (6-75 grams) was dealt with as in expt. 1. The mixture, 
which commenced to melt at 85°, and was completely fused at 125°, 
was heated for three hours at 180° to complete the interaction. 
The alcoholic solution of the product, filtered to remove a trace of 
impurity, gave, after evaporation of the solvent, a crystalline 
residue of pure methylguanidine hydrochloride. The dry salt is 
very hygroscopic (Found: Cl = 32-48. C,H,N;,HCl requires 
Cl = 32-41 per cent.). A platinichloride was prepared, deep orange- 
red, stout, rhombic prisms which melted at 175° [Found: Pt = 
35:18. (C,H,N3).,H,PtCl, requires Pt = 35-11 per cent.]. Schenck 
(loc. cit.) gives m. p. 194—195° for the corresponding platinum salt 
prepared from methylguanidine obtained by the action of methy]l- 
amine on s-methylthiocarbamide. The picrate, pale yellow, spherical 
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aggregates, decomposed at 285° without melting. The formation 
of methyldiguanide hydrochloride, as an intermediate product, jn 
the above reaction was not considered of sufficient interest for 
further investigation. 


University CHEMICAL LABORATORY, 
Trinity CoLLeGe, DuBLIN. (Received, August 2nd, 1922.] 


CCX V.—Autoreduction of Sulphurous Acid. 
By GrorGe MacDONALD BENNETT. 


THE decomposition of sulphurous acid in aqueous solution has 
been repeatedly observed, but the reaction is usually a slow one 
unless fairly high temperatures are used. Thus dilute solutions of 
sulphur dioxide, exposed to sunlight for two months, yield sulphur 
and sulphuric acid (Jahresber., 1873, 164). The reaction represented 
by the equation 3H,SO, = 2H,SO,+8 + H,O occurs when 
dilute solutions of sulphur dioxide are heated for several hours 
under high pressure in sealed tubes at 150—180° (Berthelot, Anza. 
chim. phys., 1898, [vii], 14, 289). 

The sulphites, bisulphites, and metabisulphites also undergo 
autoreduction when heated at 150—200°, with production of sulphur 
and a sulphate and sometimes the thiosulphate (Geuther, Annalen, 
1884, 224, 218; Divers, T., 1885, 47, 205). It is explicitly stated 
by Barbaglia and Giucci (Ber., 1880, 13, 2325) that the interaction 
of sulphur dioxide and a sulphite could not be detected during eight 
hours’ heating at 140°. 

The slow decomposition of sulphurous acid, which gives as ultimate 
products sulphur and sulphuric acid, was studied in greater detail 
by Jungfleisch and Brunel (Compt. rend., 1913, 156, 1719). By 
sealing the solid hydrate in tubes, they attained concentrations of 
sulphur dioxide much higher than those in Berthelot’s experiments. 
By this means the reaction was observed in the course of several 
days’ heating at 100° or during longer periods at lower temperatures. 
Evidence was quoted to show that the yellow solution first produced 
in these experiments contained hyposulphurous acid, H,S,0,, 
which then decomposed to give sulphuric acid and sulphur. 

It has now been found that sulphurous acid, liberated in solution 
from its salts at temperatures of 100—120° or lower, may undergo 
instantaneous autoreduction with production of hydrogen sulphide. 
The reaction is best seen by dropping powdered sodium sulphite 
or metabisulphite, or saturated solutions of these salts, into hot 
aqueous sulphuric acid of 60—70 per cent. concentration, to which 
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a small quantity of antimonious oxide has previously been added. 
The orange sulphide appears immediately or on further heating. 
The antimony salt is not a catalyst necessary to the reaction, for 
itmay be added afterwards or used to show the presence of hydrogen 
sulphide in the evolved gases by passing them over the moist oxide. 
Traces of the sulphides of mercury, lead, and copper are also obtained 
by sudden dilution of hot sulphuric or phosphoric acid solutions to 
which the oxide of the metal in question has been added and then 
solid sodium sulphite or metabisulphite. 

This reaction may be assumed to follow the equation 4H,SO, = 
H,S + 3H,SO,, corresponding to the change occurring when solid 
sodium sulphite is heated above 150°, namely, 4Na,SO, =Na,S + 
3Na,SO,. 

It represents a possible intermediate stage in the liberation of 
free sulphur; this further reaction may, in fact, sometimes be 
observed in the above cases. 

It appears, moreover, that this rapid autoreduction occurs only 
with sulphurous acid liberated from its salts, for all attempts to 
obtain it by using gaseous sulphur dioxide, saturated solutions, or 
the solid hydrate in place of the sulphites gave negative results. 
It seems possible that the high reducing power of the sulphurous 
acid under these conditions may be due to the momentary existence 
of the acid of the unsymmetrical formula, H*SO,°OH, produced 
from a corresponding metallic salt such as was postulated by Divers 
and Shimidzu (T., 1886, 49, 577). 


THE CHEMICAL DEPARTMENT, 


Guy’s Hosprrat Mepicat Scuoot, 8.E.1. [Received, July 19th, 1922.] 


CCXVI.—A Method for the Preparation of aBB-Tri- 
alkylated Glutaric Acids. 


By George ARMAND RoBerT Kon and JocELYN FIELD 
THORPE. 


THE influence of substituents on the direction of the valencies of a 
carbon atom, particularly the effect of a gem-dialkyl grouping or a 
ring complex, has been the subject of a number of researches in 
these laboratories, and its great importance can scarcely be doubted. 
More recently (Kon, Stevenson, and Thorpe, this vol., p. 650), it 
was shown that an additional substituent in the «-position can 
have a profound effect on the direction of the valencies and hence 
on the capacity of a substituted glutaric acid to pass into a cyclic 


structure. An examination of this effect is evidently of great 
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interest, but the difficulty of preparing suitable acids for investiga. 


tion has, up to the present, made this impossible. 

An attempt was therefore made to adapt Guareschi’s method by 
which 8-disubstituted glutaric acids are usually prepared, using 
a-cyanopropionic ester instead of cyanoacetic ester. It was hoped 
in this way to produce compounds of type I which on hydrolysis 
would yield ««88-tetrasubstituted acids of type II: 


| CMe(CN)-CO CHMe-CO,H 
Rs<oMe(CN)-CO7 NH CR <CHMe-CO;H (IL) 


Unfortunately, it was only possible to obtain such a condensation 
product in one case, namely, that of cyclohexanone, and even in 
that instance the amount formed was so small as to render the 
method valueless for practical purposes. The work was therefore 
abandoned and the problem attacked from another direction. 

The condensation products of ketones with ethyl cyanoacetate 
and ammonia which serve as a source of £8-disubstituted glutaric 
acids and possess the general structure (III), were shown by 
Guareschi to behave as dibasic acids corresponding with a dienol 
form to which he (Atti R. Accad. Sci. Torino, 1901, [ii], 50, 235) 
assigned the formula IV rather than VI : 


H(CN)-COS, C(CN):C(OH 
amt) CR<GHeNcODNH — CRe< CoN) CIOHONE avy 


(I.) 


A consideration of a metallic derivative, rn as the sodium com- 
pound, of this enol form (IV) reveals its great similarity with the 
sodium derivative of, for example, the diketoapocamphoric ester 
(V) of Komppa, which, although it is strongly enolic in character, 


CH(CO,Et) ao R C(CN)—-C(OH) 
W) OR<Crconmyco CP <cHcyyconye™ °F) 


yet reacts, in the form of its sodium derivative, with methyl iodide 
yielding a methyl derivative having the methyl group attached to 
carbon (Annalen, 1909, 368, 126). It might therefore be expected 
that the sodium derivative of the dienol form (IV) would react with 
alkylating agents like methyl iodide and yield mono- and di-alkyl 
derivatives, having alkyl groups attached to the carbon atoms 
marked (*), which would yield the desired acids on hydrolysis. 
The matter was tested experimentally, using the dicyanoimides 
(VII) and (VIII) as typical examples : 


CH(CN)-CO CH,-CH,\, ,-CH(CN)CO 
CMes<gy(onyco7 NH CH<cHi-cH:>C<cH(ony-co7 NF 


(VIL.) ( VIII.) 


It was found that by the action of methyl iodide or methyl 
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sulphate in the presence of excess of sodium methoxide, dimethyl 
derivatives of these compounds could easily be prepared in good 
yield. On hydrolysing the new compounds, however, it was found 
that only one alkyl group was attached to carbon, since the gem- 
dimethyl compound (IX) yields «$-trimethylglutaric acid (X) 
and not aa-tetramethylglutaric acid on hydrolysis; similarly, 
the cyclohexane compound (XI) gives «-methylcyclohexane-1 : 1- 
diacetic acid (XIT) : 
(IX.) CMe< GH (CN)-CO> Me CMe,<CH,-Co,H (X.) 


CH,°CH 2>c< CMe(CN) ‘CO SNMe 


(XL) CHs<oH?.0H,7 © SCH(CN)—CO 
CH,-CH,\, ,--CHMe-CO,H CH(CN)-CO 
CHy<oH?.CH> C\CH,-CO,H CMes< G41 (GN)-CO> SME 
(XII) (XiIL.) 


It is possible readily to ascertain the position of the second entering 
alkyl group, which might, from the evidence afforded by hydrolysis, 
be attached either to nitrogen or to oxygen, because the compound 
([X) is also formed on methylating the N-methyl derivative (XIII) 
obtained by Guareschi from acetone, ethyl cyanoacetate, and methyl- 
amine. It might therefore be concluded that formula VI in all 
probability represents the dienol form of Guareschi’s cyanoimides, 
were it not for the remarkable fact that it appears to be impossible 
to destroy the acid nature of the dicyanoimides by alkylation with 
the ordinary reagents such as methyl iodide in the presence of 
sodium methoxide; the compounds retain one hydrogen with great 
tenacity. An attempt was made to replace this hydrogen by means 
of the usual etherifying agents such as alcohol and sulphuric acid, 
but without success, and therefore it must be concluded that the 
compound dialkylates in the form VI and that the remaining 
hydrogen then becomes enolic as in XIV and cannot be replaced 
by ordinary means, being the last mobile hydrogen atom of the 
tautomeric system. 
(XIV) CRe<CemysccOH) > NMe 

For this reason, only «-monosubstituted glutaric acids can be 
prepared by the method now described, but, owing to the easy 
manipulation and good yields obtained, the method should prove 
of considerable value. It appeared to be of interest to discover 
whether the first alkyl group to enter the molecule attaches itself 
to carbon or to nitrogen. For this purpose a few experiments were 
carried out using only one equivalent of sodium to one of imide. 
The evidence accumulated up to the present is rather inconclusive, 
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because the yields obtained under these conditions are poor and 
mixtures of compounds are produced. In the case of the cyclo. 
hexane compound (VIII) some of the N-methyl derivative was 
isolated in addition to the dimethyl compound, whilst the gem. 
dimethyl compound (VII) gave an equimolecular mixture of the 
C-methyl and the N-methyl derivatives mixed with a small quantity 
of the compound (IX). It is interesting to note, however, that 
when ethyl bromide was used as an alkylating agent, only C-mono. 
substitution products were obtained even with an excess of sodium 
ethoxide; the second ethyl group attaches itself to nitrogen, but 
can only be introduced with some difficulty. 


EXPERIMENTAL. 


The method adopted for the alkylation of the Guareschi com. 
pounds consists in dissolving sodium (1, 2, or 3 molecular pro- 
portions) in alcohol (methyl or ethyl), and adding the imide to the 
solution with vigorous shaking. An excess of the alkyl haloid is 
then added and the mixture boiled under reflux until neutral. It 
was found that the cyclohexane compound (VIII) was the most 
readily alkylated; the dimethyl compound (VII) required more 
time and was usually allowed to react over-night. 

When the reaction is complete, the excess of alkyl haloid and the 
greater part of the alcohol are evaporated off, and the mixture is 
diluted with water and acidified with hydrochloric acid. The new 
imide usually separates in a solid form, otherwise rubbing with 
ether or alcohol is necessary to induce crystallisation. 

Alkylation with methyl sulphate was found to work satisfactorily, 
although three molecular proportions of sodium methoxide have 
to be employed to obtain a good yield. An excess of methyl sulphate 
is very carefully added with constant shaking to the previously 
cooled solution of the imide in methyl-alcoholic sodium methoxide. 
The reaction is violent and is complete in a few minutes. It is 
then necessary to destroy the excess of methyl sulphate by rendering 
the now acid liquid alkaline with sodium hydroxide and warming 
until the addition of water no longer causes cloudiness. Most of 
the alcohol is then evaporated, water is added, and the liquid is 

acidified when cold. The yield of the new compound is almost 
theoretical. Unfortunately, it has not been found possible to use 
ethy! sulphate in the same way, as it was found to remain unchanged. 


Alkylation of the w-Imide of ««'-Dicyano-88-dimethylglutaric Acid 
(VII). 


(1) Monomethylation—The imide (15-2 grams) was treated with 
sodium methoxide (1 mol.) in about 60 c.c. of methyl alcohol, and 
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excess of methyl iodide. The crude product was obtained as a dark 
red oil, which solidified in contact with alcohol and was purified by 
greading on porous porcelain. The yield of crude methylation 
product was about 50 per cent. 

By recrystallisation from 95 per cent. alcohol the following 
empounds were isolated : (1) A small quantity (less than 1 gram) 
aystallising from methyl alcohol in spherical aggregates of fine, 
ilky needles melting at 143—144°, identical with the dimethyl 
empound described below. (ii) A substance crystallising from 
ethyl alcohol in aggregates of thick prisms melting at 129—130°, 
and constituting the greater part of the reaction product. This, 
in spite of its definite properties, appears to be a mixture of 
the C- and N-methyl derivatives (Found: C = 58-51; H = 5-65. 
(pH,,0.N, requires C = 58-50; H = 5-41 per cent.), because on 
hydrolysis an equimolecular mixture of «$$-trimethyl- and £f- 
dimethyl-glutaric acids is obtained. So far the pure constituents 
have not been isolated. 

(2) Dimethylation—With two or, preferably, three molecular 
proportions of sodium methoxide and excess of methyl sulphate, 
the N-methyl-w-imide of a«’-dicyano-«86-trimethylglutaric acid (IX) 
is obtained in almost quantitative yield. After repeated crystallis- 
ation from methyl alcohol, this compound is obtained in spherical 
aggregates of fine, silky needles melting at 143—144° (Found: 
C= 60-45; H= 6-06. C,,H,,0,N; requires C = 60-25; H = 5-98 
per cent.). 

On attempting further methylation, the compound is recovered 
unchanged. It is also produced on methylation of the N-methyl 
imide (XIII) (p. 1797) with either methyl iodide or methyl sulphate. 

The same compound is obtained in a different crystalline form, 
namely, in stout, hexagonal prisms melting about 1° higher, if the 
methylation is carried out by means of methyl iodide; the yield in 
this case is less satisfactory, being usually about 60 per cent. The 
compound has the same composition as the above (Found: 
( = 60-25; H = 6-01 per cent.), and an intimate mixture of the 
two melts at 143—144°. The solubility of the two forms is, however, 
different, the form crystallising in needles being the more soluble. 
A conversion of one form into the other (‘‘ seeding ’’ of a saturated 
solution of one form with a crystal of the other) could not be 
achieved, but, on attempting to methylate the more soluble form 
by means of methyl iodide and sodium methoxide, the compound 
was recovered in the less soluble form. 

On hydrolysis by means of sulphuric acid (Thole and Thorpe’s 
method), both forms give a very good yield of «$$-trimethylglutaric 
acid (X, p. 1797) which crystallises well from a mixture of benzene and 
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light petroleum (b. p. 60—80°) in transparent crystals belonging to 
the orthorhombic system, melting at 87—88° (Found : C = 55. 49. 
H = 8-14. Cale., C = 55:15; H = 8-10 per cent.). The acid jg 
identical with that obtained by Mr. K. C. Pandya of this College by 
Crossley’s method (T., 1901, 79, 147) and readily gives the 
characteristic semianilide melting at 150°. 

(3) Monoethylation—The action of ethyl bromide in the presence 
of sodium ethoxide, even in large excess, on the imide causes the 
entrance of only one alkyl group and that is attached to carbon. 
The w-imide of ««'-dicyano-8B- ern a-ethylglutaric acid, 
is obtained in about 80 per cent. yield ian and crystallises 
well from alcohol, forming sparkling, hexagonal plates melting at 
207—208° (Found: C = 59-93; H = 5-98. C,,H,,0,N, requires 
C = 60-25; H = 5-98 per cent.). This compound can be further 
ethylated by boiling its solution, in excess of alcoholic sodium 
ethoxide, with ethyl bromide for about eighteen hours. The 
product obtained is a mixture consisting of the original com. 
pound with a new substance, the latter predominating. The new 
compound, which is the N-ethyl-w-imide of ««’-dicyano-8-dimethyl- 


a-ethylglutaric acid, CMeg<OHON)-C GOD NEt, can be separated 


by repeated crystallisation from ethyl! alcohol and is finally obtained 
in fine, rhombic plates melting at 113—114° (Found: C = 63-14; 
H=7-15. ©,,;H,,0,N, requires C = 63-13; H = 6-92 per cent.). 

On hydrolysis, a good yield of «-ethyl-88-dimethylglutaric acid, 
CO,H-CHEt-CMe,’CH,°CO,H, is obtained from both the above 
compounds. The acid crystallises from a mixture of benzene and 
light petroleum (b. p. 60—80°) in aggregates of rhombic prisms 
melting at 112—113° (Found: C = 57-72; H = 8-65. C,H,,0, 
requires C = 57-41; H = 8-56 per cent.). 

The anhydride was only obtained in the form of an oil; it was 
therefore converted into the semianilide, which readily solidified 
and separated from dilute alcohol in small, colourless needles 
melting at 136° (Found: C = 68-33; H= 8-14. C,,H,,0,N 
requires C = 68-39; H = 8-05 per cent.). 


Alkylation of the w-Imide of ««'-Dicyanocyclohexane-1 : 1-diacetic 
Acid (VIII). 


(1) Monomethylation—This was carried out exactly as described 
in the case of the gem-dimethyl compound. The yield of methylation 
product was about 45 per cent.; the following compounds were 
isolated by repeated crystallisation from alcohol: (i) Slender 
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needles melting at 175—176° and forming about half of the original 
mixture. The compound is evidently Squintani’s N-methyl 
derivative (R. Accad. Sci. Torino, 1912—13, 48, 675), as shown by 
amalysis (Found : C = 63-62; H = 6-08. Calc., C = 63-67; H = 
612 per cent.), and the formation of cyclohexane-1 : 1-diacetic acid 
on hydrolysis. (ii) Rhombic prisms, melting at 164—165°, consist- 
ing of the N-methyl-v-imide of ««’-dicyano-«-methylcyclohexane- 
|:]-diacetic acid (XI) identical with the dimethyl compound 
described below (Found: C = 64:96; H = 6-94. C,,H,,0,N, 
requires C = 64-83; H = 6-60 per cent.). 

(2) Dimethylation.—This is best achieved by using a large excess 
of alcoholic sodium methoxide and methyl iodide, which leads to 
an almost theoretical yield of the new compound. Methyl sulphate 
can also be used, but a pure product is not usually obtained unless 
the methylation is repeated. 

The methylation product consists of two substances, of which one 
occurs only in very small amount and sometimes not at all. This 
is readily separated, as it is insoluble in alkali; on crystallisation 
fom alcohol, it forms small needles melting at 212° (Found: 
(= 74:22; H = 8-73; N= 10-81. C,,H,.ON, requires C = 74:36; 
H = 8-60; N = 10-81 percent.). The constitution of this substance 
has not yet been determined. 

The second substance is the N-methyl-w-imide of ««’-dicyano- 
x-methyleyclohexane-1 : 1-diacetic acid (IX), which crystallises from 
methyl or ethyl alcohol in fine, colourless needles melting at 166° 
(Found : C = 64°80; H = 6-69; N = 16-57. C,,H,,0,N, requires 
(= 64:83; H = 6-60; N = 16-22 per cent.). 

On hydrolysis with sulphuric acid, the imide yields «-methyl- 
eyelohexane-1 : 1-diacetic acid (XII), which crystallises from a 
mixture of benzene and light petroleum (b. p. 60—80°) or from 
dilute alcohol in hexagonal prisms melting at 144—145° (Found : 
(= 61-34; H = 8-52. C,,H,,0O, requires C = 61-65; H = 8-45 
per cent.). The acid is far more soluble in benzene than the parent 
cyclohexanediacetic acid, which it resembles in other respects. 

The anhydride of the acid is readily obtained in the usual way 
and erystallises from light petroleum (b. p. 60—80°) in fine, iridescent 
needles melting at 62° (Found: C = 67:12; H = 8-16. C,,H,,0, 
requires C = 67°21; H = 8-21 per cent.). 

(3) Monoethylation.—The operation is carried out in the same way 
as with the gem-dimethyl compound (see p. 1800), using two mole- 
cular proportions of sodium ethoxide; a good yield of the new 
compound is obtained. The main product is accompanied by a 
very small amount of a neutral substance crystallising in small 
needles, melting at 205°, doubtless analogous to the by-product 
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obtained in the methylation of the imide (VIII) (see p. 1801). The 
main product crystallises from alcohol, in which it is rather sparingly 
soluble, in silvery plates melting at 226—228°, but the melting point 
is not quite sharp. It is the w-imide of ««’-dicyano-a-ethylcyclo. 


hexane-1 : 1-diacetic acid, CHO ORONY. SOD NH (Found: 


C = 64-52; H = 6-80. C,,H,,0,N, requires C = 64:83; H = 6-60 
per cent.). 
Further ethylation of this compound proceeds with some difficulty 


and leads to the formation of the N-ethyl-w-imide of ««’-dicyano- 
a-ethyleyclohexane-1 : 1-diacetic acid, C;Hy9-C <CHON). COD NEt, 
which forms fine, silky, flattened needles, melting at 163-5° after 
repeated crystallisation from alcohol. It is more soluble in alcohol 
than the preceding compound (Found: C = 66-42; H = 7-47, 
C,,H,,O,N, requires C = 66-84; H = 7-38 per cent.). 

Both the above compounds, on hydrolysis with sulphuric acid, give 

the same «-ethyleyclohexane-1 : 1-diacetic acid, C;H 49: oc Me 

CH,°CO, H 
which crystallises from dilute alcohol in elongated prisms molting 
at 187°. It appears to be almost insoluble in benzene (Found: 
C = 62-92; H = 8-80. C,H 90, requires C = 63-11; H = 8-85 
per cent.). The anhydride and semianilide were prepared, but 
could not be obtained in a crystalline form. 

Condensation of cycloHexanone and Ethyl «-Cyanopropionate.— 
5-4 Grams of cyclohexanone were condensed with 14 grams of the 
ester, using the method previously described (Kon and Thorpe, 
T., 1919, 115, 693). After forty-eight hours’ standing, the liquid 
had deposited colourless crystals (0-75 gram), which were not the 
expected ammonium salt. These were collected and purified by 
crystallisation from alcohol or acetic acid, being obtained from the 
latter in fern-like aggregates of prisms melting at 249°. The 
empirical formula of the substance appears to be C,;H, ON, 
(Found: C= 73-65; H = 8-34; N = 11-80. C,,;H, ON, requires 
C = 73-70; H = 8-27; N = 11-47 per cent.), but its constitution 
has not yet been elucidated. 

On diluting and acidifying, the liquid reaction mixture deposited 
a small amount (about 1 gram) of a white, crystalline solid after 
standing for several days; in some experiments none was obtained. 
The substance formed a microcrystalline powder melting at 180— 
182° and consisted of the w-imide of ««’-dicyano-a«'-dimethyl- 
eyclohexane-1 : 1-diacetic acid, C;H49.C <OMCN CO? NE (Found : 
C = 64:75; H = 6-60; N = 16-48. C,,H,,0,N, requires C = 64-83; 
H = 6-60; N = 16-22 per cent.). 
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The action of cold concentrated sulphuric acid on this imide leads, 
as in other similar cases (see Kon and Thorpe, loc. cit., p. 694), to 
the formation of the w-imide of ax’ -dicarbamyl-a«'-dimethyleyclo- 
hevane-1 : 1-diacetic acid, CsHC<CMeco.NHcO> NE. which 
forms a highly insoluble, microcrystalline powder which can be 
recrystallised from a large quantity of glacial acetic acid and melts 
with decomposition at 270—271° (Found: C = 56-85; H = 7-20; 
N= 14-30. C,,H,,0,N, requires C = 56-98; H = 7-12; N= 1424 
per cent.). The non-nitrogenous acid was not prepared owing to 
lack of material. 


The experiments described in the last section were carried out 
by Mr. W, H. Gough, M.Sc., to whom our thanks are due. 


Tue IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, July 20th, 1922.] 


CCX VII.—The Condensation of Phenols with the Hydro- 
chlorides of Cyanamides and Carbodi-imides, and 
its Relation to the Hoesch Reaction. 


By Wattace Frank Suort and JOHN CHARLES SMITH. 


THE reactions involved in Hoesch’s method (Ber., 1915, 48, 1122) 
for the preparation of aromatic hydroxy-ketones were assumed by 
its author to be the following : 


R-CN 22 R-CCINH #07 C.H,(OH)CR:NH,HCI = 
C,H,(OH),"CR:O0 + NH,Cl. 


Evidence in support of such a series of reactions has been brought 
forward by Stephen (T., 1920, 117, 1529), who showed that the 
w-chlororesacetophenone, C,H;(OH),*CO-CH,Cl, obtained by Sonn 
(Ber., 1917, 50, 1262) by condensing chloroacetonitrile with resor- 
cinol according to Hoesch’s method, can also be obtained by warming 
chloroacetimide chloride, CH,Cl-CCI-NH, with resorcinol. In a 
similar manner, Stephen condensed certain N-substituted imino- 
chlorides with resorcinol and obtained the anils of the correspond- 
ing hydroxy-ketones, and has suggested the formation of an inter- 
mediate imino-ether which subsequently changes into the anil : 


C,H,(OH), -+ R-CCLNR’ —> C,H,(OH)-0-CR:NR’ —> 
C,H,(OH),*CR:NR’. 


It seemed desirable to determine whether the introduction of a 
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basic group into the nitrile or N-substituted imino-chloride would 
change the nature of its reaction with phenols. The derivatives 
of cyanamide and of the hypothetical chloroformamidine, 
H,N-CCIL:NH, were chosen for this investigation because, if these 
behaved in a normal manner, a new method for the preparation 
of substituted benzamidines would have resulted. The condensa. 
tion of cyanamide itself with resorcinol by the Hoesch method leads 
to the precipitation of cyanamide dihydrochloride, which slowly 
reacts with the resorcinol to produce a small quantity of resaurin. 
The same product is obtained by fusing together cyanamide di- 
hydrochloride and resorcinol. This result leads to NH,°CCl,-NH, 
as the most probable formula for cyanamide dihydrochloride, the 
reaction taking place according to the equation 


3C,H,(OH),-+-(NH,),CCl, —> 0:C,H,(OH):C[C,H(OH),],-+2NH,CI. 


Further, it seems reasonable to suppose that the small quantity 
of highly coloured by-product frequently obtained in the Hoesch 
reaction is an aurin produced in the same way. 

Attempts to prepare cyanamide monohydrochloride were not 
successful, and the condensation of a mixture of cyanamide di- 
hydrochloride (0-5 mol.) and cyanamide (0-5 mol.) with sodium 
phenoxide (1 mol.) did not lead to the production of the phenyl 
ether of isocarbamide, but to the regeneration of phenol and forma- 
tion of dicyanodiamide. 

Although it is stated in the literature (compare Beilstein’s “ Hand- 
buch der organischen Chemie ’’) that the substituted cyanamides 
do not unite with hydrogen chloride, we have found that dibenzyl- 
cyanamide forms a stable dihydrochloride, which also condenses 
with resorcinol to produce resaurin. 

The condensation of carbodiphenylimide monohydrochloride with 
phenols by gentle warming leads to the production of ethers of 
diphenylisocarbamide. These substances have been prepared 
by Busch, Blume, and Pungs (J. pr. Chem., 1909, [ii], 79, 513) 
by the condensation of phenols with carbodiphenylimide at a rela- 
tively high temperature. Since the maximum yield of ethers is 
obtained by employing one equivalent of hydrogen chloride, it is 
evident that the monohydrochloride of carbodiphenylimide is 
involved, 


NHPh:CCI-NPh + C,H,(OH), —> HO-C,H,-0-C(°-NPh)-NHPh,HCI, 
and the reaction supports the suggestion made by Stephen (loc. cit.). 
At the same time, attempts to cause the O-ethers to undergo 
isomeric change, with migration of the -C(;:NPh)-NHPh group into 
the nucleus in the ortho- or para-position, were unsuccessful. That 
this is due to the introduction of an additional basic group into the 
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molecule seems probable from the fact that the p-nitrophenyl ether 
of diphenylisocarbamide undergoes a different isomeric change, 
into p-nitrotriphenylcarbamide. 

At higher temperatures, resorcinol condenses with carbodiphenyl- 
imide monohydrochloride to produce resaurin. Since the m- 
hydroxyphenyl ether of diphenylisocarbamide, produced by the 
interaction of resorcinol and carbodiphenylimide monohydrochloride 
at lower temperatures, does not condense with resorcinol to pro- 
duce resaurin, it seems clear that the production of the latter is 
due to the formation of carbodiphenylimide dihydrochloride. 
This conclusion is confirmed by the fact that carbodiphenylimide 
dihydrochloride condenses with resorcinol according to the equation 


NHPh-CCl,-NHPh + 3C,H,(OH), —> 0:C,H,(OH):C[C,H,(OH)»], 
+ 2NH,Ph,HCl, 


and the constitution of the dihydrochloride is at the same time 
elucidated. 

It is interesting to note that phenol, which does not give the Hoesch 
reaction, is also incapable of producing aurins, although it gives 
rise to ethers. At the same time, it has been found that whereas 
resorcinol yields resaurin on fusion with potassium hydrogen 
carbonate, phenol does not give rise to aurin. As a result of this 
observation, it is possible to explain the reaction which takes place 
on fusing cinnamic acid with resorcinol and anhydrous zinc chloride. 
Bargellini and Marantonio (Atti R. Accad. Lincei, 1908, [v], 17, 
ii, 119) state that the product of this reaction is 2 : 4-dihydroxy- 
phenyl styryl ketone. Stephen (loc. cit.) failed to obtain a trace 
of this ketone, but observed that the product consisted of a red 
substance, which he did not examine further. The red product 
contains resaurin, and styrene is simultaneously liberated. 
3C,H,(OH), + CHPh:CH-CO,H —> CHPh:CH, + 2H,O + 

[C,H,(OH),)],C°C,H,(OH):0. 


EXPERIMENTAL. 


Cyanamide Dihydrochloride and Resorcinol—By passing dry 
hydrogen chloride into a solution of resorcinol and cyanamide in 
anhydrous ether, with or without addition of anhydrous zinc 
chloride, cyanamide dihydrochloride is precipitated; a small 
quantity of resaurin may be obtained from the solution. 

A mixture of cyanamide (1 mol.) and resorcinol (3 mols.) was 
eated at 170° for three hours, and the product extracted with 
water; ammonium chloride and dicyanodiamide were obtained 
from the solution, and the residue consisted of resaurin. The 
last substance has been briefly described by Nencki and Sieber 
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(J. pr. Chem., 1881, [ii], 23, 547). It is a brick-red, hygroscopic 
solid, slightly soluble in water, easily soluble in methyl or ethy| 
alcohol or acetone, moderately soluble in ethyl acetate or ether, and 
practically insoluble in chloroform, light petroleum, benzene, or 
toluene. It is easily soluble in sodium carbonate, but much less 
soluble in sodium hydrogen carbonate. In alkaline solution, jt 
has a beautiful dark red colour. Dilute solutions exhibit ay 
intense green fluorescence, especially in the presence of a trace of 
ammonia. On heating, it does not melt, but darkens between 
230° and 240°, apparently with some decomposition. No acetyl 
or benzoyl derivative could be obtained. For this reason, the 
production of resaurin in all the reactions mentioned in this paper 
was confirmed by carrying out an analysis of the red substance 
after purification by repeated crystallisation from dilute alcohol 
and drying at 110°. 

Dibenzyleyanamide Dihydrochloride——Three grams of dibenzyl- 
cyanamide, dissolved in 10 c.c. of anhydrous ether, were treated 
with a current of dry hydrogen chloride for two minutes. If the 
stream of hydrogen chloride is continued, the faintly coloured oil 
precipitated will be redissolved and can only be recovered by the 
addition of a large volume of ether. The oil soon crystallises and 
is then washed with ether. Colourless cubes, melting at 130—133° 
with slight decomposition, are obtained (Found: Cl = 24-0, 
23-8; N = 9-54. C,;H,,N,,2HCl requires Cl = 24:07; N= 9-49 
per cent.). Dibenzyleyanamide dihydrochloride is decomposed by 
cold water into its constituents. It may also be obtained by passing 
dry hydrogen chloride into the molten cyanamide, in an atmosphere 
of the same gas. 

Dibenzyleyanamide and Resorcinol.—Resorcinol (11 grams ; 3 mols.) 
was dissolved in dry ether (100 c.c.) and dibenzyleyanamide (7-4 
grams; 1 mol.) added. A current of dry hydrogen chloride pro- 
duced a heavy, red, oily layer, which was extracted with water 
and cold dilute sodium hydroxide. The aqueous extract was con- 
centrated in a vacuum and treated with strong caustic soda solution. 
Ammonia was evolved and a small quantity of light oil separated. 
The latter was taken up in ether and the dry solution divided 
into two parts. The first was treated with a current of dry hydrogen 
chloride; the white precipitate thus obtained melted at 256° after 
recrystallisation from absolute alcohol. Paal and Gerum (Ber., 
1909, 42, 1557) state that dibenzylamine hydrochloride melts at 
257—258°. The ether was removed from the second portion of 
the solution, and the residue acetylated by the Schotten-Baumann 
method. The purified acetyl derivative melted at 93° (Found: 
N = 6-00. C,,H,,ON requires N = 5-86 per cent.). 
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The alkaline extract, on acidification, yielded a small quantity 
of resaurin (Found: C = 66-95; H = 4-20 per cent.). 

Examination of the residue insoluble in water and sodium hydr- 
oxide showed that it consisted of dibenzyleyanamide. 

The same products were obtained by warming dibenzyleyanamide 
dihydrochloride with resorcinol. 

The Condensation of Carbodiphenylimide Monohydrochloride with 
Phenols —The preparation of pure carbodiphenylimide mono- 
hydrochloride (Stieglitz and Lengfeld, Amer. Chem. J., 1895, 17, 
08) is an extremely tedious operation. Fortunately, the isolation 
of this substance proved to be unnecessary, since the use of a re- 
action mixture containing one equivalent of hydrogen chloride was 
fond to give the same results as the pure hydrochloride. Since 
the phenyl ethers of diphenylisocarbamide have already been 
described (Busch, Blume, and Pungs, loc. cit.), the following is 
sufficient to illustrate the mode of procedure. 

Phenyl Ether of isoDiphenylcarbamide, C,H,;*O-C(:N Ph)-NHPh.— 
Carbodiphenylimide (9-7 grams; 1 mol.) was dissolved in 80 c.c. 
of dry benzene and treated with dry hydrogen chloride until the 
increase in weight amounted to 1-8 grams (1 mol.). Phenol (4.7 
gms; 1 mol.) was added, the solvent removed under diminished 
pressure, and the residue heated for five minutes at a temperature 
dightly above its setting-point. When cold, the product was 
neutralised with 5 per cent. alcoholic sodium hydroxide, and in this 
way 12 grams of the pheny! ether of diphenylisocarbamide (m. p. 
104—105°) were obtained from the alcoholic solution. 

The p-tolyl and $-naphthyl ethers of diphenylisocarbamide were 
imilarly prepared and were found to have the properties described 
by Busch, Blume, and Pungs (loc. cit.). The p-nitrophenyl ether, 
however, was found to melt at 105° and not at 100°, as given by 
these authors; its conversion into p-nitrotriphenylcarbamide was 
confirmed by heating a pure sample at 160°. 

Carbodiphenylimide Monohydrochloride and Resorcinol.—The m- 
hydroxypheny! ether of diphenylisocarbamide was obtained in the 
same way by heating the reactants at 100° for a short time. The 
yield was 80 per cent. of the theoretical, and the product identical 
with that obtained by Busch, Blume, and Pungs; no y-carbo- 
diphenylimide was formed as by-product in our preparation. 

On condensing carbodiphenylimide monohydrochloride with 
resorcinol at 130°, a dark red, viscous oil was obtained, which proved 
to consist of a mixture of the O-ether, carbodiphenylimide, aniline 
hydrochloride, and resaurin. 

Carbodiphenylimide Dihydrochloride and Resorcinol.—Carbodi- 
phenylimide dihydrochloride (6-7 grams; 1 mol.) was treated with 
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a solution of 8-3 grams (1 mol.) of resorcinol in ether (50 c.c.); the 
solvent was then removed and the residue maintained at 130° fo 
an hour. When cold, the product was rendered alkaline with 
dilute sodium hydroxide and distilled in a current of steam. The 
oily distillate was shown to be aniline, whilst resaurin was pre. 
cipitated from the residue by acidification with hydrochloric acid, 

Cinnamic Acid and Resorcinol.—Resorcinol (16-5 grams; 3 mols) 
was mixed with cinnamic acid (7-4 grams; 1 mol.) together with 
powdered zinc chloride (3 grams), and the mixture slowly heated to 
160° in an oil-bath. The dark red mass evolved steam containing 
a small quantity of an oil, which was identified as styrene by 
bromination (styrene dibromide, m. p. 74°). The residue contained 
resaurin, but no trace of 2 : 4-dihydroxyphenyl styryl ketone could 
be detected. 


The authors desire to thank Professor Worley for facilities placed 
at their disposal in connexion with this investigation. 
CHEMICAL DEPARTMENT, 


UNIVERSITY COLLEGE, 
AUCKLAND, N.Z. [Received, February 4th, 1922.] 


CCXVIII.—The Mathematics of the Dicyclic Colour 
Theory, and a New Theory of the Structure of 
the Nitrogen Atom. 


By James Morr. 


Last year the author put forward the conception that the cause 
of colour in a “ dicyclic ’’ substance is the performance of an oval 
orbit by an electron going round the whole molecule (T., 1921, 
119, 1657). The time of revolution of the electron was taken to 
be identical with the time required for light to travel over a length 
equal to the absorption wave-length of the coloured substance. 

Professor W. N. Roseveare of Pietermaritzburg now supplies 
the following mathematical investigation of the problem, whereby 
it is shown, using the ordinary laws of dynamics, that an electron 
attracted by two equal positive nuclei can describe a certain elliptic 
orbit having its foci at the nuclei. The electron must cross the 
line of foci at right angles and with a velocity which is prescribed 
in terms of its distance, s, at that moment from the nuclei. 

Professor Roseveare also obtains a formula for calculating the 
periodic time of revolution in the orbit in terms of the focal (inter- 
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focal) distance and the eccentricity of the ellipse, from which 
important deductions concerning the direction of the valencies 
of the carbon, nitrogen, and oxygen atoms are made by using the 
data of the colour observations. 


Mathematical Investigation. 
Let S and S’ be the centres of force and C the middle of the 
line joining them. Let the electron have crossed this line at 
right angles outside S’ at Hy with velocity w. 


“~~ “KH 


S ( S’ EK, 
Let CE, = a and CS = ¢. 
The equation of tangential motion is : 


dV pdr _ pdr’ 
ds rds rds’ 


V 
This on integration gives : 
2 ' 
Pe hae oe 
V2 = 2p (= + = K ; 


If the path is an ellipse with foci SS’, r +- r’ = 2a and rr’ = b”, b’ 
being the radius conjugate to CH. Then 


2a 


V2 /2p = p’2 —_ K . . . . . . . (i) 

From the preliminary conditions we find 
2a =u? - 
K = B ~ 2p (ii) 


Hence the path of the electron can be an ellipse with S and S’ 
as foci provided that the equation of normal motion be satisfied, 
namely, 


p rer re x? 
wherein f = 4 = > and p = b’3/ab. 
whence V2/2n = = * erred (iii) 
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Hence, comparing (i) and (iii), we have K = 1/a, whence from (ji) 
we have 
uw 2a i til_1i1+é , 
ak ee oes ir 


This equation gives the eccentricity of the ellipse in terms of the 
initial velocity and the distance of the electron from the mid-point 
of the positive forces. The latter, a, is probably practically constant, 
since the electron must pass close to the auxochrome groups, and 
the eccentricity is also consequently high, and probably constant— 
according to the quantum theory necessarily confined to a set of 
constant values, all probably high. 

The time of revolution is calculated as follows : 

Equation (iii) for the velocity at any point is rewritten with the 


substitutions = a cos ¢ and y = b sin ¢, V being 4 


b’2 
_ 2p (> 2a? — (a* sin? ¢ + 6? cos? #) 


Then (a? sin? ¢ + 6b? cos? ¢) (ay = »(= _ 1) 


a\  a®sin? ¢ + 6 cos? ¢ | 


Hence, putting c? for a? — 6?, 


a 8 aind 2 cos? 
/ dt = a* sin® + 5? cos* ¢ | 


a Vaz m3 c2 cos? ry ; 
or Ja dt = a (1 — eé* cos* ¢) (1 + e? cos? g)-! dd. 
Hence, by integration, 


2u ie 2n 2n 
T ==) dg Xe cos™* ¢ [C, — Cy_4], 


ana On = (Pp eae 
. */2 T 
Thus, since I cos*" ¢ dd = 3 C. 
Qu 2n 
h r./ oe a= ({.... 2n 9 2 eo... 
we have at = (—) Be 2n0,2(1 + =) 


= aft 3) Ge BEE a 


The series on the right is convergent and, when the eccentricity 
is given, can be evaluated numerically (for example, when e = 3; 
the series = 1-4342 =). 

Thus we have the important result that the periodic time, as in 
simple elliptic orbits round one nucleus, is proportional to the 
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three-halves power of the length of the major axis of the ellipse, 
that is, 7’ = ka*”, and when the eccentricity is practically prescribed 
by the auxochrome, the periodic time is proportional to c°”, since 
C= de. 

Explanation of the Colour Factors. 

In the paper quoted, the linkage-factors for methylene-, imino-, 
oxo-, and thio-groups were given as respectively 0-65, 0-78, 0-891, 
and 0-92. 

Now according to the present mathematical theory these four 
figures must be in the ratio of the four periodic times of revolution 
in the four different ellipses associated with the four prototype 
coloured substances [for example, dihydroxybenzhydrol, dihydroxy- 
diphenylhydroxylamine indophenol), and the corresponding per- 
oxides and sulphoxides]. 

Therefore, from the foregoing theory we can find the ratio of 
the sizes of the ellipses (the ratios between their major axes) by 
extracting the two-thirds root of the four colour factors. The 
results are respectively 0-750, 0-847, 0-926, and 0-946. 

The value unity now belongs to the imaginary major axis of an 
orbit going round two phenoxide-rings side by side, to which the 
vibration A 1380 was assigned in the first paper of this series. To 
diminate this imaginary factor we multiply the above four figures 
by (1 + 0-926), thus making the oxygen compound the standard 
one. 

The sizes of the four ellipses are then 0-810, 0-915, 1-000, and 
1.021. 

I now suggest a simple physical explanation of these figures, 
namely (1) that in the oxo-compound the molecule is in one straight 
line (A-C,H,—O—C,H,°A’); (2) that in the methylene compound 
the two halves of the molecule lie at the angle governed by the 

CH, 


carbon tetrahedron (109-4°) C,H, C,H,; (3) that in the 
ry a 

imino-compound the angle between the benzene rings is 133° 

when the compound is exhibiting its chief absorption band, and is 

(probably) 120° and 107° for subsidiary bands. 

The distance between A and A’ in the methylene compound is 
related to the distance between A and A’ in the oxo-compound 
by a ratio which is the sine of half the angle of deviation, assuming 
that the carbon atom is only very slightly different in size from 
the oxygen atom. Now the sine of 109-4°/2 is just greater than 
the figure 0-81 found above for the methylene compound. If the 
oxygen atom is about 5 per cent. wider than the methylene—carbon 

3R2 
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atom, the ratio of the distances AA’ in the two cases is exactly 
0-81, using the tetrahedral angle of 109-4°. 

This being established, we can employ the colour data to find 
the hitherto unknown angle between the valencies of tervalent 
nitrogen. The fraction 0-915 is the sine of half the required angle, 
which is 132°. This becomes 133° if we assume the nitrogen atom 
to be intermediate in diameter between carbon and oxygen. This 
result is quite different from the angle assumed in the Hantzsch. 
Werner hypothesis (109°) and is also larger than the angle (120°) 
resulting from three equal plane valencies; but I do not think 
there is any evidence against the conception of three unequal 
plane valencies, the different combinations of which would explain 
the isomerism of the oximes, and would not involve the very 
definite asymmetry in the compounds Nabe which the Hantzsch. 
Werner hypothesis requires. 

Now most of the phenazines, phenoxazines, and phenthiazines 
exhibit two bands at once in their spectrum. If this really connotes 
two simultaneous or alternative orbits, we can employ the measure- 
ments of the subsidiary bands to calculate the other angle (or 
angles) between the valencies of nitrogen. The imino-linkage 
colour-factor for this lower band is about 0-72 (that of the main 
band being 0-78). The two-thirds root of 0-72 is 0-80, and 
0-80 + 0-926 = 0-86. This is therefore the sine of half the required 
angle, which is 120° when corrected for the size of the nitrogen 
atom compared with oxygen. 

We thus obtain 133° and 120° as the angles between two pairs 
of valencies in tervalent nitrogen. If the valencies are plane, the 
remaining angle is 360°—253° or 107°. If they are not plane, 
the third angle is smaller than this. 

As regards the thio-compounds, of size 1-021, I suggest that 
they are straight like the oxo-compounds, and that the 2-1 per 
cent. difference is merely due to the larger diameter of the sulphur 
atom, which is known to have two octets of electrons instead of 
the one possessed by carbon, nitrogen, and oxygen. 

Summary. 
9 


(a) The oxo-colour-factor 0-891 is (0-926 sin 


(6) The two imino-factors, 0-78 and 0-72, are respectively 


my. 


_ 


. 


O\ 3/2 D°\ 3/2 
(0-926 sin La =.) and (0-926 sin =} , with a small correction 


— 


for the smaller size of the nitrogen atom. 
(c) The methylene-factor 0-65 is (0-926 sin 


analogous small correction. 
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(d) The factor 0-926 is apparently the ratio of the size of the 
molecule of dihydroxydiphenyl oxide to the size of two juxtaposed 
molecules of phenol (both substances supposed ionised) and represents 
the contraction on replacing two para-hydrogen atoms by the oxo- 
linking. 

GOVERNMENT LABORATORY, 

HospiTat STREET, JOHANNESBURG. [Received, May 16th, 1922.) 


(CXIX.—The Equilibria in Aqueous Solutions of the 
Alkali Metal Bisulphites. 


By Epwarp CHARLES Cyrit Baty and Rosert ARTHUR 
BAILEY. 


THE conditions which exist in aqueous solutions of the alkali metal 
bisulphites have been investigated by several observers, chiefly 
by spectrographic methods, but no satisfactory conclusions have 
ben drawn. Wright (T., 1914, 105, 2909) investigated the ab- 
sorption spectra of aqueous solutions of sulphur dioxide and of 
the normal sulphites, and he concluded that the former contain 
a large proportion of uncombined molecules of sulphur dioxide, 
since the absorption curves are similar to those exhibited by the 
gas. Garrett (T., 1915, 107, 1324) found that aqueous solutions 
of sulphur dioxide, when half neutralised by rubidium, potassium, 
sodium, or ammonium hydroxide, showed no selective absorption, 
but that after these solutions were allowed to remain in the light 
an absorption band appeared at A = 276yy, the maximum 
absorptive power being developed in about twenty-eight days. 
Since the same phenomenon was shown by solutions of the meta- 
bisulphites, he drew the conclusion that on exposure to light an 
equilibrium was established : 

H,0 + Na,S,0, = 2NaHSO, (reaction in solution) 

2NaHSO, — Na,SO, + H,SO, (light reaction) 

H,SO, + (« — 1)H,O — S8O,,x7H,0 (reaction in solution). 
Although the absorption band was identical in position with that 
shown by aqueous solutions of sulphur dioxide, the absorptive 
power of solutions of equal concentration varied with the metallic 
radicle, and was always much smaller than that of the free acid. 
The phenomenon was not observed with the bisulphite solutions 
when these were protected from light. Schaeffer and his co-workers 
(Z. Elektrochem., 1915, 24, 181: Z. anorg. Chem., 1918, 104, 212) 
also observed this time phenomenon and further found that selec- 
tive absorption is shown both by freshly prepared solutions of 
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potassium metabisulphite and by solutions of sodium sulphite 
containing one equivalent of sulphuric acid. Since he found my 
selective absorption with half-neutralised solutions of sulphy 
dioxide, he considered that the end-point had been reached immedi. 
ately. He concluded that the selective absorption initially shown 
is due to an isomeric form of the bisulphite molecule. 

In an investigation of the additive compounds formed by sodium 
and potassium bisulphites we have found it necessary to reopen 
the question, and the results obtained would seem to afford an 
explanation of the conditions which exist in these solutions. Ip 
the following account of our results the absorptive power is ex. 
pressed in terms of the molecular extinction coefficient, which is 
given by log (I)/Z) x 1/CD, where I,/I is the ratio of intensity of 
the incident and the transmitted light, C is the concentration in 
gram-molecules per litre, and D is the thickness in centimetres of 
the solution employed. 

We first investigated the absorption spectra of solutions of 
sulphur dioxide which had been prepared with water free from 
carbon dioxide and then half neutralised by sodium, potassium, or 
rubidium hydroxide. In each case the freshly prepared solution 
exhibited an absorption band at A = 257 pp and this band was 
also shown by a freshly prepared solution of potassium meta- 
bisulphite. On exposing these solutions in stoppered flasks to 
light, it was found that this absorption band disappeared, its place 
being taken by a second band at A = 276 pp, the change being 
accompanied by a marked increase in the absorptive power. The 
velocity of this change increases very materially with dilution, 
since in the case of very dilute solutions it takes place even in the 
da:k, whilst with a 0-25M-solution it is incomplete even after 
many days, a broadening of the band towards the red only being 
observed. It seems probable, therefore, that the phenomenon is 
due to an ionic reaction of some kind, very possibly oxidation. 

This explanation receives support from the results obtained by 
Matthews and his co-workers (J. Physical Chem., 1913, 17, 2i1; 
J. Amer. Chem. Soc., 1917, 39, 635) in their experiments on the 
photo-oxidation of sodium sulphite in solution. They found that 
benzaldehyde, phenol, and pyridine act as very efficient negative 
catalysts in this reaction, but we were unable to employ this 
method owing to the powerful selective absorption exerted by 
these substances. We have, however, proved that the change is 
due to oxidation by the use of solutions from which air was entirely 
excluded. 0-1, 0-05, and 0-025 M-Solutions were made of potassium 
metabisulphite in air-free water, and these were divided into two 
portions. Stoppered bottles were completely filled with the one 
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portion and after the stopper had been inserted it was covered with 
paraffin wax. The other portion was placed in stoppered flasks 
containing some air, and both bottles and flasks were exposed to 


‘Blight. After the lapse of several days the bottles and flasks were 


opened and their contents titrated against a standard iodine solu- 
tion. When the three solutions were first made up, 25 c.c. of the 
iodine solution required 16-84, 33-70, and 67-40 c.c., respectively, 
of the three solutions, and the following table shows the titration 
values after stated periods of time, 25 c.c. of the iodine solution 
being used in each case. 

Titre of solution Titre of solution 


Concentration. Time in days. __ in sealed bottles. in flasks. 
0-1M 10 16-85 c.c. 23-00 c.c. 
26 16-85 ,, 
0-:05M 8 33-67 ,, 45-62 ,, 
25 33°72 ,, 
0:025M 6 67-51 ,, 110-4 ,, 
25 67-49 ,, 


The absorption spectra of the solutions were observed at the same 
time as the titrations were made, and the curves obtained for the 
(1M-solutions are shown in Fig. 1. Whereas no change was 
noted in the case of the air-free solutions, the change in the position 
of the absorption band exhibited by the aerated solution is well 
marked, together with the increase in molecular extinction from 
7:3 to 72-5. In the case of the 0-025M-solutions, after six days’ 
exposure to light, the absorption curve of the oxidised portion 
approximates to that of a mixture of equal volumes of 0-05M- 
potassium sulphate and 0-05M/-sulphur dioxide solutions. It is 
obvious therefore that the time reaction consists in the photo- 
oxidation of the HSO,’ ion. 

There still remains to be explained the absorption band at 
\= 257 pp», and we have succeeded in finding the origin of this 
band by a comparison of the absorptive power with the concen- 
tration of the constituents as determined by conductivity measure- 
nents. In order to prove that this method of comparison is trust- 
worthy, we first of all determined the two sets of data for aqueous 
solutions of sulphur dioxide, in which case the following equilibrium 


exists : 
SO,,7H,O — H,SO, — H* + HSO,’. 

Since the concentration of SO,,H,O is directly proportional to 
the concentration of H,SO,, it is proportional to the total amount 
of sulphur dioxide present in the non-ionised condition. The 
latter can be determined from the conductivity measurements 
made by Lindner (Monatsh., 1912, 33, 613), and hence the con- 
centration of SO,,2H,O may be assumed to be proportional to the 


difference between the molecular conductivity at infinite dilution 
(398) and the molecular conductivity at the dilution required, 
The proportional concentration of SO,,7H,O as determined from 


Fig. 1. 
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conductivity and spectrographic measurements can thus be com- 
pared, and the two curves, A and A’, are shown in Fig. 2. The 
similarity in type between these two curves justifies us in using 
the same method to determine whether the absorption band at 
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ution | , = 257 wp, shown by freshly prepared solutions of potassium 
lired, | metabisulphite, is due to the KHSO, molecule. Barth’s values for 
from — the conductivity of potassium hydrogen sulphite solutions were 
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om- used (Z. physikal. Chem., 1892, 9, 176), but since these did not 
The § ¢Xtend to greater concentrations than M/32, we extended them to 
ing § * far as the concentration M/10. The value of A, was taken as 
at | 126-79, and the conductivity and spectrographic measurements 
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are shown by the curves B and B’ in Fig. 2. The marked difference 
in type between these two curves proves that the absorption band 
at A = 257 pw» is not due to potassium hydrogen sulphite. 

On the other hand, the extinction coefficient, log (I)/Z) x 1/D, 
which is a measure of the actual concentration of the absorbing 
substance, was found in the case of potassium metabisulphite 
solutions to decrease to rather less than one-fourth when the con. 
centration was reduced to one-half. The actual values obtained 
were as follow : 

0:25 O-1 0:05 0-025M 
20 2-73 0-6 0-125 
In the equilibrium 2K* + 2HSO,’ — 2KHSO, — K,S,0; + H,0, if 
x be the initial concentration of potassium hydrogen sulphite and 
y that of the metabisulphite, we have, the concentration of water 
being constant, 2?/y = K. Neglecting ionisation and taking y as 
small compared with x, then, if the concentration be halved, the 
concentration of potassium hydrogen sulphite will be 2/2 and 
the new concentration, y’, of potassium metabisulphite will be 
given by (27/4)/y’ = K, whence y’ = y/4. This agrees with the 
observed facts, a discrepancy being caused by ionisation, which 
increases with dilution and hence reduces the effective concentration 
of the potassium hydrogen sulphite. It may therefore be con- 
cluded that the absorption band at 257 yp, initially shown by 
solutions of potassium metabisulphite and solutions of sulphur 
dioxide half neutralised by sodium, potassium, or rubidium hydr. 
oxide, is due to a small proportion of metabisulphite present in the 
equilibrium, It is evident that the concentration of the meta- 
bisulphite is small from a comparison of the molecular extinctions 
of solutions of potassium metabisulphite and of SO,,7H,O of equal 
molecular concentration. Thus, with 0-025M-solutions, the mole- 
cular extinction of the metabisulphite is 5, whilst that of SO,,7H,0 
is 171. In a solution, therefore, of a bisulphite of this concen- 
tration there is present metabisulphite to the extent of 2-9 per cent. 
of the amount of SO,,7zH,O present in a solution of sulphur dioxide 
of the same concentration, the SO,,7H,0 being itself only a proportion 
of the total sulphur dioxide content. 

The following series of equilibria therefore exist in an air-free 
solution of potassium metabisulphite or potassium hydrogen 
sulphite : 


en nh 8,0,’ (probable, but not yet proved) 
and RHO, = — K* + HSO,’ (one stage dissociation only)! 


with the result that the solution shows the absorption band due to 
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potassium metabisulphite. On exposure to air and light, photo- 
oxidation takes place : 
K* + HSO,’ — K* + HSO,’; 

the ionisation then proceeds one stage further (Noyes, Nelcher, 
Cooper, and Eastman, Z. physikal. Chem., 1910, 70, 335; Jones 
and West, Amer. Chem. J., 1910, 34, 357). 

K* + HSO,’ — K* + H’* + SO,”. 
A rearrangement then takes place : 
K'+H’+S0,”+K*+HSO,’ — K’+K‘+S0,"+H'+HSO,’ | II 
and H’+HSO,’ — H,SO, — SO,,xH,0. J 
The absorption band of potassium metabisulphite therefore dis- 
appears and the absorption band of SO,,2H,O makes its appearance, 
the absorptive power increasing to a maximum when half-oxidation 
is complete. 

On further oxidation, a decrease in absorptive power takes place 
owing to the oxidation of the HSO,’ ion given by the dissociation 
of the H,SO, molecule in the equilibrium II, with the result that 
the concentration of the SO,,~aH,O decreases. 

It has been noted by Milbauer and Pazourek (Chem. Listy, 1921, 
15, 34) that concentrated solutions of normal sulphites undergo 
oxidation very slowly, and this is in agreement with the observation, 
recorded above, that 0-25M-solutions of potassium metabisulphite 
only show incomplete oxidation after many days. 

The absorption curves of 0-025M-solutions of sulphurous acid, 
potassium metabisulphite, and sodium sulphite are shown on 
Fig. 3, and it is evident that these three substances exert strong 
absorptive power for rays of smaller wave-length than A = 220 pp. 
In all probability, therefore, the selective absorption due to these 
three molecules will be found in the extreme ultra-violet region, 
and we hope to investigate this in the near future. 

It may be pointed out that these results do not support in any 
way the existence of two isomeric modifications of the bisulphite 
molecule as suggested by Schaeffer, and that they support the 
conclusions drawn by Barth (loc. cit.), and by Pascal from magneto- 
chemical data (Compt. rend., 1921, 173, 712). 

It is of some interest to note that the two absorption bands at 
\ = 257 pp and 276 yp» conform to the integral relation established 
by one of us (Baly, Phil. Mag., 1914, [vi], 27, 682; 29, 223; 1915, 
[vi], 30, 510) between the frequencies of the absorption bands 
exhibited by a given substance. In this case, the absorbing mole- 
cule is sulphur dioxide, and it exhibits three absorption bands 
according to whether it exists as gaseous SO,, SO,,cH,O, or 


K,S0,,S0,. The fundamental molecular wave-number of sulphur 
3R*2 
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dioxide is 135-1, and therefore the wave-numbers of the three bands 
should be integral multiples of this. The following table shows 
that this relationship holds good, the shift of about 1-8 pp towards 
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the red being the normal effect observed with solutions as compared 
with gases. 


Wave-number Wave-length Wave-length Origin of 
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Summary. 

(1) In aqueous solutions of bisulphites there is present in the 
equilibrium a small proportion of metabisulphite which absorbs 
light of wave-length 257 py. 

(2) In the absence of oxygen, these solutions are stable in light, 
but if oxygen is present photo-oxidation of the HSO, ion takes 
place, followed by an ionic rearrangement whereby normal sulphate, 
sulphurous acid, and hydrated sulphur dioxide are produced. The 
slution then shows the absorption band at A = 276 pp» character- 
istic of the hydrated sulphur dioxide. 

(3) No isomerism of sulphite molecules has been detected. The 
absorption bands of sulphurous acid, bisulphite, and sulphite 
molecules lie in the extreme ultra-violet. 

(4) The characteristic ultra-violet frequencies of sulphur dioxide, 
hydrated sulphur dioxide, and potassium metabisulphite are integral] 
multiples of the fundamental molecular frequency of sulphur 
dioxide in the infra-red. 


In conclusion, we tender our thanks to the Department of 
Scientific and Industrial Research for a grant to one of us (R. A. B.) 
which has enabled this investigation to be carried out. 
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CCXX.—The Formation and Stability of spiro-Com- 
pounds. Part IX. The Influence on Stability 
of Groups of High Molecular Weight. 


By Stan.ey Francis Brrow and JoceLyn FIELD THORPE. 


In Part VI of this series (T., 1921, 119, 1315) it was shown that the 
relative stability of the cyclohexane derivative (II) as compared 
with that of the dimethyl compound (I), due to the alteration of 
the tetrahedral angle of 109°5° in the latter case to 107:2° in the 
former, was of such an order as to render it possible to detect the 
effect of the change by means of a reaction, carried out under mild 
conditions, which was then described. 

It was found, for example, that the dicyano-acid (I) readily 
underwent ring fission, yielding the hydroxy-acid (III), whereas 
the cyclohexane acid (II), under similar conditions, remained 
unchanged. 
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Me CH(CN)-CO Me (CN)-CO 
Me™ C<GH(oN)-co> _ ac homer” _ 


(IV.) (V.) 


Mex, ,-C(CN)-CO,H HH < CH CBS, < O(ON)-CO,H 
Me °Sécny.co,n 42 OHS POs 


CH,-CH,~ © ~C(CN)-CO,H 
(II.) 


CH(CN)-CO,H 
~~. C(CN)-CO,H 


This method seemed, therefore, likely to be a useful one for 
determining the comparative stability of similarly constituted 
ring structures, and this proved to be the case, for it has now been 
found that the reaction by which the dicyanodicarboxylic acids 
(types I and II) were prepared is a general one and that these com. 
pounds, or their fission products, can always be prepared from the 
relevant imide (type V) under special conditions. 

In brief, the method involves the preparation of the Guareschi 
compound (IV) (in this case from acetone), its conversion into the 
ring imide (V) by the aid of bromine, and the hydrolysis of this 
to the dicyanodicarboxylic acid (II) when it is stable, or to the 
hydroxy-open-chain acid (III) when ring fission occurs. 

It is evident that by employing a selected number of the many 
ketones which yield Guareschi compounds, a large field is at once 
opened for the study of ring structures, differing only in the char- 
acter of the groups attached to the $-carbon atom, and which are 
therefore admirably suited for purposes of comparison. 

The discovery of the new method is of importance for two reasons. 
In the first place, it is more sensitive than that hitherto used, 
which involved a study of the relative stability of the cyclopropane 
acids of the general type (VI), a comparison which is strictly limited 
in its application because, excepting in the case of the derivative 
in the gem-dimethyl series which yields terebic acid, it was not 
found possible to isolate any definite products owing to the fact 
that ring fission was accompanied in every case by deep-seated 
degradation, leading to the formation of much free carbon. 
Secondly, it provided a means whereby it would be possible to in- 
vestigate the behaviour of groups of molecular weight greater than 
that of the methyl group on the stability of the ring systems under 
discussion. 

It will be remembered that although we have, in the earlier parts 
of the series, established our hypothesis regarding the effect of angle 
change, caused by a definite alteration of the tetrahedral angle, 
due to the inclusion of two of the valencies of the 8-carbon atom in 
a ring complex, experiments have recently been carried out (com- 


(III.) 
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pare Deshapande and Thorpe, this vol., p. 1430) which show that the 
eect, on the next carbon atom of a chain, of two linked carbon 
atoms is — than that of one. 


OC 
i OJ cen Et ae VL 
es p35 8 ‘ Pant» 28 Be CS H-CO,H (VI.) 

Thus the behaviour of the diethyl BAe (VI), as regards 
its stability and also as shown by the occurrence of tautomerism 
between its hydroxy-derivative and the open-chain form, indicated 
that the gem-diethyl group exercised an effect on the tetrahedral 
angle which was between that caused by the dimethyl group and 
that produced by the cyclohexane ring. 

We have therefore examined the stability of the dicyanodicarb- 


e for 
tuted 
been 


acids 
com. ff oxylic acids, CRR’< (CN): CO,H from diethyl ketone, R = R’= Et, 
the (CN)-CO,H’ 


from methyl n-hexyl ketone, R = Me; R’ = C,Hj3, from cyelo- 
pntanone, R + R’ =(,H,:, and from benzyl methyl ketone, 
R= Me; R’=CH,Ph, and we find that all these substances 
are broken down respectively into the open-chain acids, 
OH-CRR’-C(CN)(CO,H)-CH(CN)-CO,H. 

It is evident, therefore, that none of these ring acids approaches 
in stability that derived from cyclohexanone (II) and that the 
attachment of groups of high molecular weight and those having 
long carbon chains does not affect the tetrahedral angle to an extent 


schi 
the 
this 
the 


any 
nce 


a greater than that exercised by the cyclohexane complex. The 
method, unfortunately, does not enable us to differentiate between 
wa those compounds which undergo fission because, under the experi- 
ad mental conditions employed, the ring is either completely destroyed 
as or it remains unattacked. In other words, the reaction is so rapid 
il that it does not appear to be possible to devise any series of experi- 
we ments by which its rate might be dete:mined. It is hoped, however, 
ot that another method of attack, which is now being investigated, 
ot will give us the desired information. 
.d It is desirable to place on record two curious facts which have 
. been discovered during the course of this investigation, but for 
_ which we are not, at present, in a position to offer an adequate 
. explanation. Having established, from our experiments in the 
¥ dimethyl and diethyl series and those described in this paper, 
the fact that the volume of a carbon atom attached to one of the 
‘ valencies of a carbon atom is increased by the linking of another 
. carbon atom to it, but that this volume effect is small, even when six 


carbon atoms are linked as in the methyl hexyl series, compared 
with that produced by the cyclohexane ring, we decided to ascer- 
tain whether any change in the tetrahedral angle could be detected 
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by replacing one of the hydrogen atoms of the cyclohexane ring 
by a methyl group. We prepared, therefore, the ring imides (VII) 
and (VIII) from 4- and 3-methylcyclohexanone, respectively, and 
found that the presence of the methyl group had in each case 
destroyed the stability characteristic of the unsubstituted ring 
dicyano-acid (II) and that the hydroxy-acids (IX) and (X) were 
the sole products formed by the reagent used. 


CH,-CH, <GtONy ‘CO _— Th 
CMe oa. CH, >C (CN): Goo NH (VII) ie 
CHMe-CH,~,,, ~C(CN)-CO 
- <x, - OH, *>C<hon)co7 Ne and 
CH,°CH, 

CHMe( Soon FaNreoet ax, : 
\CH, CH,“ an Ha -CO,H . 
aA CH, \ eH CHICN)CO.H Ac 
aK. f = (X:) pou 
CH,— CH, ~C(CN)-CO,H ob 
More experimental work on this important point is needed before § jo 
we can draw a definite conclusion as to the cause of this remarkable y 
change in stability. 80- 
It was mentioned in Part VI (loc. cit.) that the degradation of the yj 
cyclic imides (type V) constituted a useful method for preparing § y, 
cyclopropane derivatives of type VI. The experiments in the § 
present communication still further illustrate this point, and the — @ 
acids (VI), (XI), (XII), and (XIII) have been prepared by this § 4, 
means : y 
Me CH-CO,H «1 CH-CO.H ~CH-CO,H th 
Hy” CS bu. con OHsC<Gu. CO,H CH, pies <u COH | di 
(XI.) (XII.) (XIII.) m 

Indeed, in the case of the benzyl methyl acid (XIII), the process 

is, apparently, the only obvious one by which the cyclic acid can 

be obtained, because, as shown by Kon and Stevenson (T., 1921, 

- 119, 87), the glutaric acid (XIV) from which it would otherwise - 
have to be prepared cannot be obtained by the hydrolysis of the r 
Guareschi compound (XV), since the conditions necessary to produce ( 
hydrolysis lead to the formation of the naphthalene derivative (XVI) 1 

CH(CN)-CO _CH,'CO,H I 
CH, p> C<GH(GN}-co>NH CH, PL CScH}-CO,H } 
(XV.) (XIV.) 
CH, 


(X pte CH,-CO;H (xyz) 
Yo \" 
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It is important to note that all these acids were prepared through 
the amide of type ORR'<f ony O-NH,’ which is readily produced 
fom the ring imide of type V by a method described in the 
experimental portion. 


ExPERIMENTAL. 

The dicyano-imides required for this research were prepared by 
the modification of Guareschi’s method described by Kon (T., 
1921, 419, 818; compare also Kon and Thorpe, T., 1919, 115, 693) 
and were used for the next preparation without further purification. 


Derivatives of Diethyleyclopropane. 

The Imide of 2 :3-Dicyano-1 : 1-diethylcyclopropane-2 : 3-dicarboxylic 
Acid, CBP lGn)-co Nhe preparation of this com- 
pound has been described by Guareschi, but it is more conveniently 
obtained by a similar method to that used in preparing the dimethyl 
derivative in Part VI (loc. cit.). 

The dicyano-imide (0°1 gram-mol.) was suspended in 100 c.c. of 
80—90 per cent. formic acid, and 4 c.c. of the bromine were added 
with vigorous shaking; the solid dissolved and the solution became 
warm. Water was then added until the dibromo-compound com- 
menced to separate, and was followed by the rest of the bromine 
(6 c.c.). The mixture was boiled for twenty minutes and allowed 
to cool, when the bridged imide separated ; it was collected, washed 
with water, and dried. The yield was usually 60 per cent. of that 
theoretically possible, but a further small quantity separated on 
diluting the mother-liquor with water. The imide thus obtained 
melted at 202—204° and was used without further purification. 

2: 3-Dicyano-1 : 1-diethyleyclopropane-2-carboxylamide, 

H-CN 
CR <a CN) CO-NH, 
—This amide was prepared from the above imide in the same 
way as the corresponding dimethyl derivative; it separated as an 
oil, which readily solidified on cooling. The yield was quantitative. 
The amide crystallises from benzene in small, colourless prisms 
melting at 123—124° (Found: N = 22°03. Cj, 9H,,ON, requires 
N = 21-98 per cent.). 
2 : 3-Dicyano-1 : 1-diethyleyclopropane-2-carboxylic Acid, 
H-CN 
CBSA oN) 00, 
—This acid was obtained in 80 per cent. yield by the action of 
nitrous acid on the amide, using the same conditions as those 
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described for the preparation of the dimethyl acid. No unchanged 
amide was recovered. The acid crystallises from dilute hydro. 
chloric acid in fine needles melting at 148° (Found: N = 14-49. 
C9H,,0,N, requires N = 14°57 per cent.). 

The Dinitrile of 1 : 1-Diethyleyclopropane-2 : 3-dicarboxylic Acid, 
CEts< on —08 heating the above acid with a little water in 
a sealed tube at 180°, the nitrile separated as an oil, which, after 
the usual purification (dimethyl derivative, Part VI, loc. cit.), 
distilled at 184°/22 mm. The yield is 70 per cent.; nothing could 
be isolated from the alkaline washings. 

When pure, the dinitrile is a light yellow, odourless oil which 
shows no tendency to solidify (Found: N = 18°92. C,H,.N, 
requires N = 18°91 per cent.). 

cis- and trans-l : 1-Diethylcyclopropane-2 : 3-dicarboxylic Acid 
(VI).—A mixture of the two forms of this acid was obtained in 
theoretical yield, by hydrolysing the dinitrile in the same way as 
the dimethyl] derivative. The two forms were isolated by the method 
described by Deschapande and Thorpe (loc. cit.). 

The trans-acid, which formed more than 90 per cent. of the mixed 
acids, possessed all the properties described and was shown to be 
identical by direct comparison (mixed melting point). It crystal- 
lised from water in small, colourless prisms, melting at 241° (Found : 
C = 57°91; H = 7°62. Cale., C = 58°04; H = 7°58 per cent.). 
Titration with 0°01924N-barium hydroxide (Found: 30 c.. 
Calc., 29°8 c.c.). 

Only a small quantity of the cis-acid appeared to be formed and 
this was not isolated in a pure condition (melting point 155—160°). 

Lactone of  y-Hydroxy-y-ethylpentane-x«$-tricarboxylic Acid, 


CEt,<GH1(00.H) CH:-CO,H.—This substance was obtained by 


hydrolysing the amide with excess of aqueous potassium hydroxide 
solution; the yield was theoretical. 

The lactone crystallises from water or dilute hydrochloric acid 
in elongated prisms, melting and decomposing at 172° (Found: 
C = 51°36; H=613. C,)H,,0, requires C = 52716; H=6l1l 
per cent.). 

Lactone of y-Hydroxy-y-ethylpentane-«8-dicarboxylic Acid, 


0——0 
CEt,<Oq (C0, CH 


—This acid was obtained by boiling the above lactone with excess 
of 50 per cent. sulphuric acid for three hours. On standing, the 
new acid separated in large, colourless octahedra which, after 
crystallisation from water, melted at 105°. The quantity obtained 


— TT BS & 
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yas insufficient for analysis, but gave two end-points on titration 
yith 0°01924N-barium hydroxide, corresponding with one free 
arboxyl group and one lacténe ring (Found: 10°05 c.c., 20°4 c.c. 
(ale., 10 c.c., 19°9 c.c.). 
29-Dicyano-y-hydroxy-y-ethylpentane-«8-dicarboxylic Acid, 
OH-CEt,°C(CN)(CO,H)-CH(CN)-CO,H. 

—This acid is formed when the imide is boiled with 10 per cent. 
potassium hydroxide solution for half an hour and separates in 
gistening prisms on acidifying the cold solution. The new acid 
forms small, glistening prisms from water and melts with vigorous 
decomposition at 194—195° (Found: C= 52:25; H = 5°65. 
(;H1,0;N, requires C = 51°96; H = 5°55 per cent.). 


Derivatives of Methyl-n-hexylcyclopropane. 
Preparation of the Imide of 2 : 3-Dicyano-1-methyl-1-n-hexylcyclo- 
: : : C(CN)-CO 

propane-2 : 3-dicarboxylic Acid, OH yyrOMe<i. “ad C oo N H.—This 
imide was prepared by the original method described by Guareschi 
(Mem. R. Accad. Sci. Torino, 1901, 50, 235), the dibromo- 
derivative being isolated and heated for several days on the water- 
bath with a large excess of 50 per cent. acetic acid. Finally, this 
was allowed to evaporate and the residue crystallised from alcohol. 
The imide, so obtained, is very impure and contains a considerable 
quantity of the unbridged imide, formed by the partial hydrolysis 
of the dibromo-derivative under the conditions employed. It can 
be obtained pure only after many recrystallisations from dilute 
acetic acid. 

2: 3- Dicyano-1-methyl -1-n-hexyleyclopropane - 2 -carboxylamide, 
(Hay OMe Ocoee, ah amide separates as an oil on 
boiling a solution of the crude imide in slightly more than one 
molecular proportion of 10 per cent. potassium hydroxide solution. 
On cooling, it solidifies and is collected; the mother-liquor yields 
a second crop on further heating. The amide crystallises from 
benzene or methyl alcohol in colourless needles melting at 119° 
(Found: N = 18°33. C,,H,,ON; requires N = 18-01 per cent.). 

The formation of this amide proved to be of great use, as it 
provided a simple means of isolating the bridged derivatives in a 
pure condition. For this reason, the crude imide was not purified, 
but was converted into the amide, in which form it could be readily 


purified. 
2 : 3-Dicyano-1-methyl-1-n-hexyleyclopropane-2-carboxylic Acid, 
OH OMEN oxng wr acid is formed when the amide 
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is treated with nitrous acid in the usual way. It remains, oy 
removal of the ether, as a colourless oil, which, although it tends 
to solidify, cannot be further purified.” The yield of the crude acid 
is good (Found: N= 11°76. C,,H,,0,N, requires N = 119% 
per cent.). 

The silver salt, prepared in the usual way, could not be obtained 
colourless, but had a slight yellow colour (Found: N = 8-72. 
Ag = 31°97. C,,H,,O,N,Ag requires N = 8:21; Ag = 31°66 pe 
cent.). 

The Dinitrile of 1-Methyl-1-n-hexyleyclopropane-2 : 3-dicar). 


oxylic Acid, C,H,5° CMe<GHCN _ on heating the above acid 


CH-CN’ 7 
at 180° with a little water in a sealed tube, the nitrile is formed in 
60—70 per cent. yield and floats on the water. After the usual a 
purification, it distils at 205°/17 mm. The nitrile thus obtained i 
is a colourless liquid with a characteristic odour (Found : N = 14°59, 
C,.H,,N, requires N = 14-73 per cent.). . 

Hydrolysis of the Dinitrile—The nitrile was hydrolysed in the : 
usual way by boiling with a large excess of aqueous potassium § cy‘ 
hydroxide, aleohol being added to give a homogeneous solution. 
After a short time, a distinct odour resembling that of methy] hexy! Be 
ketone became noticeable, and as it was feared that the trimethylene Cy 
ring was undergoing fission, the hydrolysis was stopped. These , 
fears, however, proved to be groundless, the odour being traced ri 
to the nitrile, but as a result of the incomplete hydrolysis, several 4 
nitrogenous products were found to be present. ‘3 

On cooling the alkaline solution, a small quantity of solid separated ; . 
it was collected and after being crystallised from dilute alcohol, . 
melted at 277°. Analysis _ ed it to be the diamide of trans-1- : 


methyl-1-n-hearyleyclopropane-2 : 3-dicarboxylic acid, 

H-CO-NH, 

Collis OMe CONE? 
(Found: N = 12-45. C,,H,.0,N, requires N = 12-49 per cent.). 
The filtrate from the diamide was extracted with ether to remove 
any other neutral substances, but other than a little nitrile, nothing 
was recovered. The solution was then strongly acidified, the oil 
which separated extracted with ether, the ether evaporated, and 
the semi-solid residue dissolved in hot alcohol with the addition 
of animal charcoal. The filtered solution deposited a quantity 
of a colourless acid on cooling; this was collected and after recrys- 
tallisation from the same solvent, melted at 206—207°. An analysis 
showed it to be the monoamide of trans-1-methyl-1-n-hexylcyclo- 


propane-2 ; 3-dicarboxylic acid, C,H,,° CMe<itt CO,H (Found : 


H-CO-NH, 


AND STABILITY OF SPIRO-COMPOUNDS. PART IX. 1829 


(= 63-45; H = 9-47; N= 6-24. C,,.H,,O;N requires C = 63°38 ; 
H= 9-33; N = 6-21 percent.). Titration with 0-01924 N-barium 
hydroxide (Found : 24-7 ¢.c. Cale., 25-2 ¢.c.). 

The proof of the constitution of this acid was obtained by hydrolys- 
ing it further with aqueous potassium hydroxide. In this way a 
non-nitrogenous acid was obtained which was exceedingly diffi- 
cult to purify and was analysed as the silver salt for this reason. 
It was undoubtedly trans-l-methyl-1-n-hexylcyclopropane-2 : 3- 
dicarboxylic acid (Found: C = 32:51; H=4-11l. C,,H,g0,Ag 
requires C = 32-58; H = 4-13 per cent.). 

The alcoholic mother-liquor, from which this amide had separated, 
was evaporated to dryness, and the gum obtained examined for the 
presence of the cis-acid by heating it for some time with a large excess 
of acetyl chloride. A small amount of solid was formed, which was 
filtered off, and the excess of reagent removed in a vacuum. The 
remaining gum was distilled, and boiled at 180°/13 mm.; the oil 
obtained was identified as the anhydride of cis-1-methyl-1-n-hexyl- 


cyclopropane-2 : 3-dicarboxylic acid, CoHyy CMe gO by its 
general behaviour and by analysis (Found : C = 68-30; H = 8:74. 
(2H, ,0, requires C = 68-54; H = 8-61 per cent.). 

The anhydride is a colourless oil which shows no tendency to 
solidify ; it is slowly decomposed by water, but dissolves readily 
in dilute aqueous potassium hydroxide solution with the formation 
of the potassium salt of the cis-acid. The latter is obtained on 
acidifying this solution and crystallises from benzene in a mass of 
felted needles, melting with slight decomposition at 106—107° 
(Found: C = 62:96; H = 8-72. C,,H gO, requires C = 63-11; 


H = 8-85 per cent.). 
a . CH:-CO: 

The anilic acid, CH Me CoH ” 
usual way, crystallises from alcohol in colourless plates, melting 
and decomposing at 137-5° (Found: C= 71-66; H = 8-33. 
C,sH,,O,N requires C = 71.28; H = 8-20 per cent.). 

Lactone of y-Hydroxy-y-methylnonane-a«8-tricarborylic Acid, 
CH yyCMe< G4 (00,1) CH-CO,H.—When the amide was hydro- 
lysed by an excess of aqueous potassium hydroxide and the 
acidified solution extracted with ether, the new lactone remained 
as a gum on evaporating the ethereal extract. It showed no tend- 
ency to solidify and was not analysed. 

The constitution follows from its conversion into the lactone 
to be described below, which takes place to some extent on boiling 
in aqueous solution, and from its method of formation. 


, prepared in the 
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Lactone of y-Hydroxy-y-methylnonane-x$-dicarboxylic Acid, 
C,H,3*CMe< ; H(CO H)>CHa—This acid separates in theoretical 
2 


colou 
yield on boiling the above gum with dilute sulphuric acid (15 per Ov 
cent.) for two hours. The oily acid obtained crystallises from dilute into 
methyl alcohol in plates and melts at 183° (Found: C = 63-26. 8" 
H = 8-82. C,.H 0, requires C = 63-11; H = 8-85 per cent.) §™® ‘ 
Titration with 0-01924N-barium hydroxide (Found: 28-7 ¢-, alter 
Cale., 28-5 c.c.). ing ¢ 
a8 - Dicyano - y - hydroxy - y - methylnonane - «8 - dicarboxylic Acid, mol 
C,H,,°CMe(OH)-C(CN)(CO,H)-CH(CN)-CO,H.—This acid was ob. TN 
tained by boiling a solution of the imide in 10 per cent. aqueous § 2" 
potassium hydroxide (3 mols.) for half an hour, and acidifying the § “ 
cold solution with hydrochloric acid. The plastic solid which the 
separated, crystallised from, dilute hydrochloric acid in colourless allo 
plates melting and decomposing at 183° (Found: C = 56-98; H = § '™ 
6-93. C,,H,)0,N, requires C = 56-73; H = 6-81 per cent.). - 
Wi 
Derivatives of Benzylmethyleyclopropane. sep 
Preparation of the Imide of 2 : 3-Dicyano-1-benzyl-1-methyleyclo- “ 
— : ; Mex, ,~G(CN)-CO all 
propane-2 : 3-dicarboxylic Acid, wm” “none The sl 
method was a modification of that described by Guareschi (Gazzetta, dif 
1918, 48, ii, 83). . 
The finely powdered imide (0-1 gram-mol.) was suspended in 
160 c.c. of 50 per cent. acetic acid in a separating funnel, and 10 c.c. 
of bromine were added slowly with vigorous shaking. The dibromo- (F 
derivative thus obtained was washed into a large beaker by means H 
of 100 c.c. of 50 per cent. formic acid and boiled for fifteen minutes. 
Water was then added to precipitate the bridged imide as far as § ™ 
possible, and the crystalline precipitate collected, washed with 
water, and dried. The yield is quantitative. The imide crystallises : 
a 


from dilute alcohol in small, colourless needles melting at 261—262°. 
2 : 3- Dicyano - 1 - benzyl - 1 - methyleyclopropane -2 -carboxylamide, 
Me H-CN 
an ten )-CO-NH, 
theoretical yield on boiling a solution of the imide (1 mol.) in 10 
per cent. aqueous potassium hydroxide (1 mol.) for a few minutes. 
On cooling, it solidifies, and can be crystallised from dilute alcohol 
or benzene, from which it forms short needles melting at 123-5° 
(Found: N = 17-71. C,,H,,0N, requires N = 17-57 per cent.). 
2 : 3- Dicyano- 1 - benzyl-1-methylcyclopropane-2-carboxylic Acid, 


C —— O< Fon) 00, Considerable difficulty was encountered 


—This amide separates as an oil in 
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in the preparation of this acid. When the amide was treated 
ith nitrous acid in the usual way, nothing other than highly 
coloured gums could be isolated from the reaction mixture. 

Owing to the tendency for the benzylmethyl derivatives to pass 
into naphthalene derivatives with acid hydrolysing agents, it 
was necessary to find a method of preparing the acid without the 
ye of acids. This was ultimately accomplished by the use of the 
alternative method described for the preparation of the correspond- 
ing dimethyl acid, that is, the direct hydrolysis of the imide by two 
molecular proportions of 10 per cent. aqueous potassium hydroxide. 

Twenty-six grams of the imide were dissolved in 56 c.c. of 10 
per cent. potassium hydroxide, an equal volume of methyl alcohol 
was added, and the mixture boiled for an hour under reflux. At 
the end of this time the condenser was removed and the alcohol 
allowed to evaporate. The cooled solution was then extracted 
twice with ether to remove any amide formed by partial hydrolysis 
of the imide, and after being strongly acidified, extracted repeatedly 
with ether. During this operation a considerable quantity of solid 
separated, and this was collected; the wet ether solution also 
deposited a further quantity, the total amounting to 6 grams. 

This substance on examination proved to be an acid, sparingly 
sluble in all the usual organic solvents and consequently very 
difficult to purify. It was identified as the 2 : 3-diamide of 1-benzyl- 
|-methyleyclopropane-2 : 2 : 3-tricarboxylic acid 

Me C(CO,H)-CO-NH, 
CH,Ph? ¢SGH-CO-NH, 
(Found: C = 61:10; H= 6-15. C,,H,,0,N, requires C = 60-83; 
H = 5-83 per cent.). 

The acid crystallises from ethyl acetate in small prisms melting 
and decomposing at 197°. 

On removing the ether from the ethereal extract, a gum remained, 
which, after much rubbing with light petroleum, solidified. All 
attempts to purify this substance further failed; on slow crystallisa- 
tion from ethyl acetate, some more of the acid described above 
was obtained, but the residue remained as a gum. It was found, 
however, that it contained a considerable amount of the required 
acid and therefore it was used for the preparation of the nitrile; 
the rest probably consists of the acid, melting at 197°, which gives 
rise to the imide formed during this preparation. 

The Dinitrile of 1-Benzyl-1-methylcyclopropane-2 : 3-dicarboxylic 
Acid, ou,ph>CStu-en 7 the crude acid described above 
was heated with water in a sealed tube at 180°, it was found 
that no oil separated until the tube was cold. The contents of 
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several tubes were united, acidified, and repeatedly extracted with 
ether; the ethereal extract was carefully washed, first with sodium 
hydrogen carbonate solution, then with dilute potassium hydroxide, 
and finally with water. After drying over calcium chloride, the 
ether was evaporated and the oil obtained left in an exhausted 
desiccator over-night. On the next day a considerable amount 
of crystalline matter was found to have separated and this was 
collected. It was identified as the trans-1-benzyl-1-methylcyclo. 
propane-2 : 3-dinitrile (Found: N = 14-60. C,,H,.N, requires 
N = 14-28 per cent.). It crystallises from dilute methyl alcohol 
in large, transparent plates melting at 91°; on hydrolysis with 
potassium hydroxide, it gives a theoretical yield of the trans-1. 
benzyl-1-methylcyclopropane-2 : 3-dicarboxylic acid (see below). 

The mother-liquor, from which this nitrile had separated, was 
distilled, and boiled from 210—220°/13 mm.; on standing, the 
distillate deposited a considerable quantity of the above compound, 
but although the cis-form of the nitrile could not be isolated, proof 
of its presence was found in the products of alkaline hydrolysis. 

On acidification, the potassium hydroxide washings gave an oil 
which solidified on keeping and after crystallisation from dilute 
alcohol melted at 102—103°; from this solvent, it forms small 
clusters of needles. It was proved, by its hydrolysis to the cis. 
form of 1-benzyl-1-methylcyclopropane-2 : 3-dicarboxylic acid and 

, _ — Me H-CO 
by analysis, to be the imide of this acid, a 4 C oe 
(Found: C = 72-66; H = 6-12. C,,H,,0,N requires C = 72-60; 
H = 6-00 per cent.). 

The separation of the acids obtained from the sodium bicarbonate 
washings was not attempted owing to the complex nature of the 
mixture. 

trans-1-Benzyl-1-methyleyclopropane-2 : 3-dicarboxylic Acid (XII]). 
—This acid, as has been stated above, is obtained in theoretical 
yield by the hydrolysis of the nitrile, melting at 91°, by potassium 
hydroxide. 

The acid crystallises from dilute alcohol in characteristic clusters 
of small, stout needles, melting at 210° (Found : C = 66-56; H = 6-04. 
C,,H,,0, requires C = 66-63; H = 6-02 per cent.). Titration with 
0-01924.N-barium hydroxide (Found: 23-5 c.c.; Cale., 23-1 ¢.c.). 

sie Me H-CO-NHPh 

ae a. ae? C<Gr-00-NEPR 

the acid chloride (from the acid and thionyl chloride) with aniline 

in benzene solution, separates from alcohol in an indefinite, flocculent 

mass, melting at 245° (Found : C = 78-25; H = 6-38. C,,;H,,0,N, 
requires C = 78-09; H = 6-30 per cent.). 


obtained by treating 
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cis-1-Benzyl-1-methylcyclopropane-2 : 3-dicarboxylic Acid (XIII). 
_This acid was obtained by hydrolysing the imide melting at 102— 


roxide, § 03° with potassium hydroxide solution. On crystallisation from 
le, the Mf gilute alcohol, it forms flattened needles melting at 179—180° and 
austed H decomposing at 185° (Found: C = 66:84; H=6-15. C,3H,,0, 


requires C = 66-63; H = 6-02 per cent.). 


The anhydride, ona? tee was obtained by heating 


quires § the acid with excess of acetyl chloride for an hour, evaporating 
Ieohol off the excess in a vacuum, and crystallising the residual solid 
with § fom a mixture of benzene and light petroleum (b. p. 40—60°). 


It forms characteristic clusters of prisms melting at 105° (Found : 


Ww). (= 72:26; H=5-56. C,,H,.0, requires C = 72:19; H = 5-60 

» Was & per cent.). 

i The anilic acid, am’ ec prepared from the 

Proof § anhydride in the usual way, crystallises from alcohol in colour- 

S. Bless plates melting at 152° (Found: C= 73-90; H = 6-26. 

n oil C,gH,gO,N requires C = 73-68; H = 6-21 per cent.). 

— Lactone of  y-Hydroxy-y-benzylbutane-a«$-tricarborylic Acid, 

ps cH.Ph>C<cH(co,H) > CH-COsH.—This lactone is obtained in 

and § quantitative yield when the amide is hydrolysed with potassium 

NH § hydroxide (compare dimethyl compound). It crystallises from 
water in fine, colourless plates melting and decomposing at 173° 

‘60; § (Found: C = 60-63; H= 5-06. C,,H,,0, requires C = 60-42; 
H = 5-07 per cent.). 

rate Lactone of y-Hydroxy-y-benzylbutane-«6-dicarboxylic Acid, 

the cH Ph>C< CH(CO,H) > CH —On boiling the above lactone 

Il). with dilute sulphuric acid (10 per cent.), a mixture of two acids is 

ical § obtained, which can be separated by means of hot benzene. 

um The soluble acid crystallises in prisms and melts, rather indefi- 
nitely, at 140°; it was shown by analysis to be the above lactone 

ers § (Found: C= 66-81; H=6-31. C,,H,,0, requires C = 66-63; 

04. § H = 6-02 per cent.). 

ith The insoluble acid resisted all attempts at purification; it is 


probable that it is a naphthalene derivative, but, as it did not form 
a semicarbazone, no evidence could be obtained to support this 
view. 
«8-Dicyano-y-hydroxy-y-benzylbutane-a8-dicarboxylic Acid, 
CH,Ph-CMe(OH)-C(CN)(CO,H)-CH(CN)-CO,H. 
—The imide was dissolved in 10 per cent. aqueous potassium 
hydroxide solution (3 mols.) and boiled for half an hour. It was 
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then cooled and acidified, when a quantity of a plastic solid separated, 
As this contained potassium, it was boiled with water, the insoluble 
residue collected, and an equal volume of hydrochioric acid added 
to the hot solution. On cooling, the new acid crystallised in colour. 
less plates, free from potassium; a further amount was recovered 
from the insoluble residue, which proved to be the free acid in a crude 
condition, by crystallisation from dilute alcohol. The acid crystal. 
lises from dilute alcohol in small plates, melting and decomposing 
vigorously at 203° (Found: C = 59-62; H = 4-64; N = 9-39. 
C,;H,,0;N, requires C = 59-61; H = 4-66; N = 9-27 per cent.), 


Derivatives of cycloPentanespirocyclopropane. 

The Imide of cycloPentanespiro-2 : 3-dicyanocyclopropane-2 : 3. 
dicarboxylic Acid, CH,:0< Sonyoo NE — this imide is obtained 
in quantitative yield by the method described for the prepara- 
tion of the diethyl compound (p. 1825). It crystallises from 
alcohol in fine, colourless needles which lose their crystalline form 
on drying and melt at 195—196° (Found: C = 60°83; H = 4:23; 
N = 19°66. (C,,H,O,N, requires C = 6047; H=434; N= 
19°53 per cent.). 

cycloPentanespiro -2 : 3 - dicyanocyclopropane - 2 - carboxylamide, 
CH eC<E ON cO-NH, Oo" hydrolysing the imide with potass- 
ium hydroxide (1 mol.) in the manner described for the preparation 
of these amides, the new amide separates in 75—80 per cent. of 
the theoretical yield. A further quantity can be recovered by 
heating the mother-liquor again. The amide crystallises from 
alcohol or benzene in fine, colourless needles melting at 150° (Found : 
C = 63°45; H = 5°69. C,)H,,ON, requires C = 63°46; H = 5°87 
per cent.). 

cycloPentanespiro - 2 : 3-dicyanocyclopropane-2- carboxylic Acid, 

CN). C wo acid was obtained in 80 per cent. 
yield by the action of nitrous acid on the above amide, using the 
method described for the preparation of the dimethyl compound. 
It crystallises from water in prisms, melting without decomposing 
at 169—170° (Found : C = 63°46; H = 5°31. C, 9H,,0,N, requires 
C = 63:13; H = 5°31 per cent.). 

The Dinitrile of cycloPentanespirocyclopropane-2 : 3-dicarboxylic 

, «a CH'‘CN 
Acid, C,H g3C< on. ON’ 
water in a sealed tube at 180°, the nitrile separates as an oil which, 
after extraction with ether and the usual purification, distils at 


—On heating the above acid with a little 
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96°/18 mm. The nitrile thus obtained is a colourless oil which 


rated, 

luble Hf wlidifies on keeping and crystallises from a mixture of ether and 
\dded ight petroleum (b. p. under 40°) in long, colourless needles melting 
lour. Bat 43° (Found: N = 19°14. C,H, N, requires N = 19°16 per 


cent.). 
Although nothing could be isolated from the alkaline washings, 


,;small quantity of what was undoubtedly a fission product was 
sbtained by evaporating the original aqueous layer. Although 
the amount obtained was too small for analysis, it was shown that, 
om further hydrolysis with alkalis, this substance is converted into 


t.). 

| the lactonic acid described below. It therefore appears likely 

that the acid is represented by the formula 
23 . O—-CO~ : 
we OH C< OH (ON) > CH-CN. 
cis- and  trans-cycloPentanespirocyclopropane-2 : 3-dicarboxylic 

a- B 4cid (XII)—When the nitrile was hydrolysed by potassium 
om § hydroxide in the manner described for the hydrolysis of the dimethyl 
rm § derivative, a theoretical yield of the mixed spiro-acids was obtained. 
3 ; The acids were separated by crystallisation from water, the 


rans-form being the less soluble and forming nearly 90 per cent. 
of the total mixed acids. 

The trans-acid crystallised from water in characteristic clusters 
of short, stout needles, melting at 210°, and possessed all the prop- 
aties of the spiro-acid described by Becker and Thorpe (T., 1920, 
117, 1579), who give the melting point as 211° (Found : C = 58°54; 
H= 6°65. Cale., C= 58°70; H=6°57 per cent.). Titration 
with 0-01924.N-barium hydroxide (Found : 29°5¢.c. Cale., 29°5 ¢.c.). 

The presence of a small quantity of the cis-acid in the mother- 
liquor was shown by evaporating to dryness and boiling the residue 
with acetyl chloride for a short time. Under these conditions, 
the trans-acid remains insoluble and can be removed; the cis-acid, 
which remains in solution as the anhydride, can then be isolated 
in the usual way or as its anilic acid. 

In this way, a small amount of the anilic acid, corresponding 
with, roughly, 5 per cent. of the total mixed acids, was isolated. 
It crystallised from alcohol in colourless prisms melting at 191—192° 
(Becker and Thorpe, loc. cit., give 187°). 

Lactone of 1-Hydroxycyclopentylethane-««8-tricarborylic Acid, 
(Hc<907 COs cH-co H.—This lactone was obtained b 

CH(CO,H) “ y 
boiling the amide with excess of potassium hydroxide solution 
until ammonia ceased to be evolved, acidifying, and extracting 
with ether. The required lactone remained as a gum on evaporating 
the ether, and readily solidified on rubbing with a glass rod. It 
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crystallises from dilute hydrochloric acid or water in small prisms 
melting at 159° (Found : C = 52°71; H = 5°18. Cy9H,,0, requires ociet 
C = 52°61; H = 5:30 per cent.). 

Lactone of 1-Hydroxycyclopentylethane-«f-dicarborylic Acid, 


CyHsC< O97 (C0,H) > CHa —The new acid is obtained in quanti. 


tative yield by boiling the above lactone with 20 per cent. sulphuric 
acid for two hours. It separates as an oil which readily solidifies 
on keeping. It crystallises from water in nacreous plates melting 
at 134° (Found: C = 58°57; H = 6°65. C,H, 90, requires C = 
58°70; H = 6°57 per cent.). 
afs-Dicyano-1-hydroxycyclopentylethane-«8-dicarboxylic Acid, 
C,H,:C(OH)-C(CN)(CO,H)-CH(CN)-CO,H. 

—This acid was obtained in 70 per cent. yield by boiling a solution 
of the imide in 10 per cent. aqueous potassium hydroxide (3 mols.) 
for half an hour. The acid separates on acidifying the cold solution. 
It erystallises from water in rhombic plates melting with vigorous 
decomposition at 188° (Found : C = 52°49; H = 4°93. C,,H,,0,N, 
requires C = 52°40; H = 4°76 per cent.). 


Derivatives of 3- and 4-Methylcyclohexanespirocyclohexane. 

The preparation of the bridged imides has been described by 
Squintani (Atti R. Accad. Sci. Torino, 1912—1913, 48, 685), but they 
are more conveniently prepared by the method used to prepare 
the cyclohexane derivative (Part VI, loc. cit.). 

a8 - Dicyano - | - hydroxy - 3 - methyleyclohexylethane - «8 - dicarboxylic 
Acid (X).—The imide was dissolved in 10 per cent. aqueous potass- 
ium hydroxide (3 mols.) and the solution boiled for half an hour. 
It was then cooled and acidified with hydrochloric acid ; on standing, 
the new acid separated, contaminated with the potassium salt. 
It was therefore dissolved in as little boiling water as possible and 
an equal volume of hydrochloric acid added to the hot solution. 
On cooling, the pure acid separated ; it was crystallised from dilute 
alcohol. The acid forms colourless prisms melting with vigorous 
decomposition at 212° (Found : C = 56:08; H = 5°89. C,,H,,0;N, 
requires C = 55°68; H = 5°71 per cent.). 

af - Dicyano-1 - hydroxy - 4 -methyleyclohexylethane - «8 - dicarboxylic 
Acid (IX).—This acid, prepared in exactly the same way as the acid 
just described, separates almost completely as the potassium salt. 
After dissolving in water and adding concentrated hydrochloric 
acid, the acid was obtained as a colourless mass. It crystallised 
from water in small prisms melting with vigorous decomposition at 
207° (Found: C = 55°98; H = 5°67. C©,,H,,0;N, requires C = 
55°68 ; H = 5-67 per cent.). 
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By Nevin Vincent Sipewick and JosEepH ALFRED 
Hecror Rosperts GENTLE. 


Taz object of this work was to determine the influence of the 
alkali metal in these salts on their solubility, and on the formation 
of hydrates, and to compare it with that observed with the salts 
of inorganic acids. , 

For several of the salts solubility measurements have already 
ben published: lithium, sodium, and potassium formates 
(Groschuff, Ber., 1903, 46, 1790); sodium acetate (Green, J. 
Physical Chem., 1908, 12, 1655); potassium acetate (Abe, J. Tokio 
Chem. Soc., 1911, 32, 980). Very few measurements seem to have 
been made of the ice curves except those of Riidorff (Ann. Physvk, 
1922, 145, 616) on sodium acetate, which appear to be affected 
by some systematic error, as his values of the depression are in 
all cases much smaller than ours. 

We have extended and completed these observations; we have 
determined the ice curves for all the ten salts, and the salt 
solubility) curves for the five of them (rubidium and cesium 
formates, lithium, rubidium, and cesium acetates) which had not 
previously been examined. 

Preparation of Materials—The formic acid was obtained from 
the commercial 80 per cent. acid by distillation in a vacuum at 
70° with enough sulphuric acid to form with the water present the 
monohydrate (Maquenne, Bull. Soc. chim., 1888, [ii], 50, 622). 
The product melted at 6°. The acetic acid was three times boiled 
with potassium permanganate and distilled, the middle portion 
alone being collected (Bousfield and Lowry, T., 1911, 99, 1432). 
The lithium salts were prepared by precipitating lithium sulphate 
solution with the barium salt of the organic acid, the others by 
neutralising the carbonate or hydroxide with the acid. 

The rubidium carbonate was made from a specimen of the alum 
very kindly given to us by Mr. K. M. Chance, of the British Cyanides 
Company, to whom our best thanks are due. The alum con- 
tained a few units per cent. of both potassium and cesium. The 
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former was removed by six recrystallisations from water, afte 
which the product was spectroscopically free from potassium. Ty 
remove the cesium, the alum was treated with excess of pur 
barium hydroxide, the sulphate filtered off, and the filtrate, after 
saturating with carbon dioxide and again filtering, evaporated 
to dryness. A repetition of this process renders the alumina 
insoluble, and the alkaline carbonates can be extracted with water, 
The barium precipitates must be repeatedly boiled with water 
to remove adherent salts. The mixed rubidium and casium 
carbonates were then converted into the acid tartrates, which 
were recrystallised from water (Allen, Amer. J. Sci., 1862, [iil 
34, 367). After four recrystallisations, the salt gave no indication 
of cesium in the spectroscope. The acid tartrates repress one 
another’s solubility to a remarkable degree: the rubidium salt 
is almost insoluble in a saturated solution of the cesium salt. We 
are greatly indebted to Major W. C. Ball for suggestions as to the 
purification of the rubidium salt, and to Professor T. R. Merton 
for kindly carrying out the spectroscopic tests. The rubidium 
hydrogen tartrate was finally converted into the carbonate by 
ignition. 

The cesium was obtained from a specimen of American pollucite, 
being separated as the double antimony chloride, and then converted 
into the nitrate, and thence through the oxalate into the carbonate. 
Both the rubidium and the cxsium carbonates obstinately retained 
traces of colloidal carbon, which could be removed only by repeated 
evaporation and ignition. 

Measurement of Solubility and Ice Curves.—The freezing points 
were measured in a Beckmann apparatus. The determinations at 
higher temperatures were usually made synthetically by sealing 
up weighed quantities of the components in tubes, and observing 
the temperature at which the last crystals disappeared on slow 
warming. In some cases the solution was filtered, and analysed 
by evaporation to dryness. The solutions of the acetates (but not 
those of the formates) showed a strong tendency to supersaturation. 

Examination of the Solid Phases.—At the highest temperatures 
examined (150° and above) it could be assumed that the solid 
phase was the anhydrous salt, and the formation of a hydrate 
could be inferred from a break in the curve. In some cases the 
hydrate curves gave maxima, the positions of which indicated the 
composition. Otherwise the hydrate was, if possible, obtained 
in crystals large enough to be cleaned and analysed. The residue 
method was not applicable on account of the great solubility, 
the high viscosity of the solutions, and often the small size of the 
crystals which were formed. Solutions of rubidium acetate con- 
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The following solid phases were observed by ourselves or by 
earlier workers (A = formate or acetate radicle) :— 

Formates.—Lithium : Groschuff (Joc. cit.) found LiA and LiA,H,0. 

These results were confirmed. The anhydrous salt melts with 
light decomposition at 279—280° (corr.). 

(Sodium : NaA,3H,0, NaA,2H,0, and NaA, the last melting at 
253° [Groschuff)}). 
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(Potassium: KA, m. p. 157°; no hydrates [Groschuff]). 

Rubidium: RbA, small leaflets, m. p. 170° (corr.). At 5) 
(in contact with the solution) this changes to a hydrate (<1H,0, 
? $H,O), small, tetragonal prisms, and this at 16°5° goes into a 
higher hydrate (small prisms, ?1H,O). If formic acid is heated 


Fia. 2. 
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at about 105° in contact with the anhydrous salt, it decomposes 
with separation of carbon, although the salt alone is quite stable 
at this temperature. This is presumably due to a secondary 
decomposition of the carbon monoxide into dioxide and carbon. 

Cesium: CsA, prisms, m. p. 265° (corr.) without decomposition. 
CsA,H,O (from position of maximum on curve: the crystals were 
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too small for analysis). Tetragonal prisms, m. p. (congruent) 45°. 
Transition point 41°. 

Acetates—Lithium: LiA, m. p. 286° (corr.) with very slight 
decomposition. At 56°5° this changes into LiA,2H,O (found, by 
direct analysis, 2°04H,O), rhombic, with congruent melting point 
at 57°8°. This dihydrate is already described by Schabus (Jahresber., 
1854, 433).. No evidence was obtained of the monohydrate men- 
tioned by Rammelsberg (Ann. Physik, 1820, 66, 82). 

(Sodium: This is stated by Green [loc. cit.] to give a hydrate, 
NaA,3H,0, which passes at 58° into NaA, melting at 323° [uncorr.]. 
We found the melting point to be 330° [corr.]). 

(Potassium: Abe [loc. cit.) describes a hydrate, KA,1}H,0, 
changing at 41° into KA,}H,O, which at about 96° goes into KA; 
m. p. 292°). 

Rubidium: RbA, leaflets, as described by Grandeau (Ann, 
Chim. Phys., 1863, [iii], 67, 234), m. p. 246° (corr.). An acid salt, 
crystallising in needles, is formed on addition of a small excess 


of acetic acid. 
Cesium: CsA, m. p. 194° (corr.) without decomposition. 


TABLE [. 
Formates. 
Lithium. Rubidium (continued). 
Weight Mols. Solid Weight Mols. Solid 
percent. percent. Tercp. phase. per cent. percent. Temp. phase. 
5-80 2-088 — 4-27° ice 85-60 45-05 28-3° 4 aq. 
10-98 4095 — 9-02 a 87-77 49-75 43-6 om 
17-86 7-002 —16-42 “ 89-23 53-34 49-9 - 
. 89-23 53-34 46-9* 0 
Sodium. mn aaa 51-0 3+0 
7-24 2-024 — 4-29 ice 90-06 55-55 60-8 0 
11-42 3-301 — 7-02 - 93-89 67-95 101-7 0 
16-95 5-127 —11-02 __,, (m. p.) 100 170 0 
24-86 8-035 —18-04 ia 
. Cesium. 
Potessium. 4:00 0-420 — 0-77 ice 
5-71 1-280 — 2-62 ice 8-11 0-886 — 1-72 ot 
12-95 3-086 — 6-72 i 14-29 1-662 — 3-44 oy 
18-42 4611 —10-42 9 19-62 2-414 — 5-27 a 
25-03 6-678 —15-82 ” 26-75 3-476 — 8-12 me 
26-04 7-246 —17-39 9 7707 «62537 ++ «(210 aq. 
sia 81-69 31-09 21-0 me 
Rubidium. 83-25 33:44 26-2 
6-23 0-909 — 1-82 ice 84-81 36-09 32-2 - 
15-93 2-549 — 5-62 - 86-88 40-11 39-2 ie 
20-62 3-463 — 7-82 ‘i 88-67 44-18 42-7 Be 
25-79 4-573 —10-62 os 90-42 48-83 44-6 ~ 
30-62 5-744 —13-88 99 (m. p.) 50 45-0 “ 
78-86 33:97 + 3:3 1 aq. 92-54 55-61 43-8 am 
80-71 36-59 7:8 o 93-47 59-14 42-6 “ 
81-37 37-59 9-5 - — — 41 1+0 
83-59 41-09 14-0 ie 95-27 67-07 95-4 0 
84-61 43-12 16-3 ss 96-67 75-49 161-6 ‘ja 
— — 16-5 1+4aq. (m. p.) 100 265 oa 


* Metastable point. 
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TaB.e II. 
Acetates. 
Lithium. Potassium. 

Weight  Mols. Solid Weight Mols. Solid 
percent. percent. Temp. phase. per cent. percent. Temp. phase, 
2-6: 732 — 154° ice 5-00 0-957 — 215° ice 
i = La CO 742 1-450 — 3:36, 
9-52 2-794 — 6-62 “ 17-04 3-631 — 932 ,, 
18-33 6777 —1612 * —s 60 1S C=, 
23-76 7-830 + 0 2 aq. 25-50 5-914 —17-92 : 

31-28 11-04 +25-8 ins Rubidium. 
38°25 = 14-45 36-7 9 9-59 1-306 — 2-79 ice 
49-55 21-13 50-5 v0 16-11 2-339 — 5-27 
52-23 22-97 53-3 a 19-64 2-957 — 682 . 
56-60 26-24 55-4 e 25-57 4:100 —10-27 ” 
61-92 30-72 57-3 pa 82-92 37-68 — 9-50 0 
(m. p.) 33-33 57-8 o» 86-23 43-82 +447 ‘- 
64-25 33°65 57:8 ” 89-30 50-97 99-4 fs 
64-88 34-35 57-0 0 91-35 56-82 125-2 
66-73 35-04 102-8 ss (m. p.) 100 246 x 
71-33 40-43 157-5 inn ie 
(m. p.) 100 286 iis Cesium, 
6-63 0-662 — 1:36 ice 
19-38 2-207 — 5-32 ; 
25-26 3-077 — 792 ,, 
34-22 4-659 —13-07 ‘a 
Sodium. 89-71 4700 — 25 0 
91-06 48-74 +21-5 = 
6-107 1-407 — 2-96 ice 91-98 51-82 61-1 ‘“ 
11-27 2-712 — 6-42 a 93-09 55-81 88-6 a 
16-62 4-192 —11-12 - 95-78 68-03 133-8 a 
20-57 5-378 —15-17  ,, (m. p.) 100 194 ry 


All these salts, when anhydrous, are very deliquescent. In 
each case a small quantity was heated in a tube for several hours 
to a temperature a little below its melting point, and then the tube 
was sealed while still hot and the melting point determined. 

The results are collected in the preceding tables, the first column 
giving the percentage by weight, the second the molecular per- 
centage, the third the temperature, and the fourth the solid phase 
in contact with the solution (0 = anhydrous salt). They are 
plotted (using molecular percentages) on Figs. 1 and 2, the salt 
curves of lithium, sodium, and potassium formates being taken 
from the results of Groschuff, that of sodium acetate from Green, 
and that of potassium acetate from Abe (loc. cit.). 


Discussion of Results. 


In comparing the solubilities of the salts of the different alkali 
metals, it is necessary to consider the molecular percentages (which 
are given in the diagrams), and to confine the comparison to the 
anhydrous salt curves; all that can be said of the hydrates is 
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that they must be less soluble than the anhydrous salts at the 
same temperature. The accepted rule is that with the salts of 
weak acids the solubility increases with the atomic weight of the 
alkali metal, but that with strong acids the reverse is the case. 
Qur results show that the formates and acetates on the whole 
follow this rule, as the salts of weak acids. 

The following are the solubilities in molecular percentages at 
100°, as obtained by interpolation from the curves. The value 
for potassium acetate refers to the hydrate, KA,}H,O, but as the 
transition point, according to Abe, is very near 100°, the solubility 
of the anhydrous salt should not be very different. All the other 
values refer to the anhydrous salts. 


Lithium. Sodium. Potassium. Rubidium. Cesium. 


Formate ...... 31-7 29-8 62-1 67-4 67-7 
Acetate ...... 34-9 27-2 43-0 51-2 58-3 


The only marked exception is in the relative positions of the 
lithium and sodium salts. In the formates, the lithium salt is 
the more soluble below 120°, and in the acetates it is so throughout. 
In both series the lithium and sodium salts are markedly less soluble 
than those of the other metals. In comparing any property of 
the alkali metals as a group, it will often be found (as, for example, 
with the ionic velocities) that they tend to fall into two sub-groups, 
the distinction between sodium and potassium being much more 
marked than that between any other two consecutive members. 

The formation of hydrates by rubidium and cesium formates 
is very surprising, especially as no hydrate of the potassium salt 
was detected by Groschuff. The tendency to form hydrates 
certainly diminishes as a rule as the atomic weight of the alkali 
metal increases, and it is generally believed that rubidium seldom, 
and cesium never, forms hydrated salts, with the exception of 
double salts such as the alums. Our results show that this is not 
true of the organic salts, and further examples are given in the 
following paper. 


One of us (J. A. H. R. G.) is in receipt of a Salters’ Fellowship, 
for which he wishes to express his gratitude. 


Dyson PERRINS LABORATORY, 
OXFORD. (Received, July 25th, 1922. 
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CCXXII.—The Solubility of the Alkali Salts of Benzoic 
and the Hydroxybenzoic Acids in Water. 


By Neviz Vincent Srpewick and Eninor KATHARINE Ewsanx. 


IN a previous paper (T., 1921, 119, 979), we have shown that 
there is a great difference in volatility and solubility between 
o-hydroxybenzoic acid and its m- and p-isomerides. The object 
of the work described in the present paper was to determine 
whether this difference extended to the salts of these acids, and 
also to throw further light on the effect of the alkali metal on 
their solubilities and on their power of forming hydrates. 

The published data as to the solubilities of these salts scarcely 
extend beyond a few measurements at the ordinary temperature 
of some of the benzoates and salicylates (Hoitsema, Z. physikal. 
Chem., 1898, 27, 315, sodium salicylate at 20°: Greenish and 
Smith, Pharm. J., 1901, 65, 774, 806, the same at 15°: Pajetta, 
tazzetta, 1906, 36, II, 67, potassium benzoate at 17—50°: Seidel, 
J. Amer. Chem. Soc., 1909, 31, 1164 and U.S. Dept. of Public 
Health, 1910, Bull. 67, 91, lithium and sodium benzoates and 
salicylates at 25°: Pellini, Atti R. Acad. Lincei, 1910, 19, I, 331, 
sodium benzoate at 25° and 40°). Previous descriptions of the 
salts themselves will be referred to later. 

Preparation of Materials—The lithium salts were made by 
precipitating lithium sulphate solution with the barium salt of 
the acid; the sodium and other salts by neutralising the acid with 
the corresponding hydroxide or carbonate. The rubidium car- 
bonate had been prepared in this laboratory by Mr. J. A. H. R. 
Gentle, by the method described in the preceding paper, from a 
specimen of the alum for which we are indebted to the kindness 
of Mr. K. M. Chance. The cesium salt was made from a specimen 
of American pollucite. The rubidium and cesium salts were tested 
spectroscopically, and found to be free from other alkali metals. 

Determination of Solubility—In a few instances this was done 
analytically, by evaporating to dryness a weighed quantity of the 
saturated solution. At higher temperatures, the solutions were 
usually too viscous to allow of this, and the measurements were 
made synthetically, by enclosing weighed quantities of the salt 
and water in small tubes, and observing the temperatures at which 
the last crystals disappeared on slow warming. 

Examination of the Solid Phases——The measurements could not 
be carried up to the melting points of the anhydrous salts, owing 
to their decomposition; but they were extended to temperatures 
at which it was obvious that the solid phase must be anhydrous. 
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Where a break in the curve indicated the formation of a solid 
hydrate, its composition was determined by direct analysis if it 
could be obtained in sufficiently large crystals. If this was im- 

ssible, the “‘ residue’ method was adopted. <A small quantity 
of the chloride of the alkali metal was added to the saturated 
lution, and after filtering off any organic salt that might be 
precipitated (and might enclose solid chloride) the liquid was 
stirred for some time with excess of the solid hydrate; the latter 
was then filtered off, and the amount of chloride in the filtrate 
and in the moist solid determined by Volhard’s method. The 
amount of water in each phase was estimated by drying at 100°, 
and in this way the quantity of water in the dry hydrate could 
be calculated. The results are not very accurate; the great 
solubility of the solid salt makes the liquid very viscous, so that 
the separation of the two phases is very imperfect, and it also 
depresses the solubility of the chloride to a few units per cent., 
which diminishes the accuracy of the titration. But the results 
are good enough to decide between different formule for the 
hydrate. With rubidium o-hydroxybenzoate and rubidium and 
cesium m-hydroxybenzoates, the small size of the crystals and 
the high solubility and viscosity of the solutions made the use of 
this method impossible. 

The following solid phases were observed (A = acid radicle) :— 

Benzoates.—Lithium : LiA,H,O. Analysed directly (found 1-09 
nol. of water to 1 mol. of salt). LiA, stable above 34°.* 

Sodium and potassium: both anhydrous. Sestini (Bull. Soc. 
chim., 1870, [ii], 13, 488) describes the preparation (by evaporation 
of the aqueous solution) of two salts, NaA,H,O and KA,3H,0, 
which he analysed by driving off the water by heat. He does not 
state how he freed them from the very viscous mother-liquor. 
The solubility curves give no indication of the formation of either 
of these hydrates. With potassium, the formation of an acid salt 
was observed, but it was not further examined. Gerhardt 
(Jahresber., 1852, 450) obtained an acid benzoate, KA,HA, by the 
action of benzoic anhydride on potassium acetate in alcohol; he 
describes it as only slightly soluble in cold water. 

Rubidium : Anhydrous. Crystallises well, in large, flat prisms. 
An acid salt separates in smal! quantity from the neutral solution ; 
its formation during the solubility measurements was prevented 
by adding a slight excess of carbonate. 

Cesium : Anhydrous; apparently isomorphous with the rubidium 
salt. 

o-Hydroxybenzoates—Lithium : (1) LiA,6H,O; this salt could 


* The transition temperatures were taken from the curves. 
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not be analysed, but the solubility curve is tending to a maximun§j comm 
near 14-3 mols. per cent., so that we can assume that like thelf hexah 
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into (2) LiA,H,O (found, by direct analysis, 0-83 mol. of water). 
(3) LiA, stable above 53°. yer 

Sodium: NaA,6H,O (found, by direct analysis, 6-06 mols. alt 
H,O). Massol (Ann. Chim., 1894, [vii], 1, 217) states that the 


1847 
The 


g4LTS OF BENZOIC AND HYDROXYBENZOIC ACIDS IN WATER. 


LKALI 
ximumff commercial salt contains 1H,O, but we found no such salt. 


ke thell hexahydrate goes over into the anhydrous salt at 20°. 
t—~]° Potassium: KA,H,O (found, by residue method, 1-02 mols. 


H,0); goes into the anhydrous salt at 29°. 
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). Rubidium: Probably monohydrate (found, by dehydration of 
air-dried crystals, 0-76 mol. H,O). Its crystalline properties were 


altered by heating to 100°; goes into the anhydrous salt at 40°. 
Cesium: (1) CsA,H,O (found 1-15 mols. H,O by dehydration 


Temperature, 
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at 100°). (2) CsA,}H,O (?), a lower hydrate which could not be 
analysed, and which is stable between 39° and 74°. 


(3) CsA. 
Fic. 3. 
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Hoffmann (Jahresber., 1877, 759) prepared acid salts of the 
o-hydroxybenzoates of lithium, sodium, and potassium. 


m-Hydroxybenzoates.—The lithium, sodium, and potassium salts 
are all anhydrous. 
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ot be Rubidium : RbA,H,O (found, by residue method, 1-14 mols. 
H,0); stable up to 47°. 

Cesium: CsA,zH,O. Owing to the fineness of the crystals and 
the high concentration of the solution this salt could not be 
analysed; but its occurrence is clear from the break in the solu- 
bility curve at 45°. This could not be due to an acid salt, since 
its position was not altered by the addition of 4 per cent. of casium 
carbonate to the solution. 

p-Hydroxybenzoates.—Lithium : anhydrous. 

Sodium: NaA,5H,O (found, by dehydration at 100°, 5-03 mols. 
H,0); described by Hartmann (J. pr. Chem., 1877, [ii], 16, 35); 
goes into the anhydrous salt at 39°. 

Potassium : KA,3H,O (found, by dehydration, 3-12 mols. H,O) ; 
described by Hartmann (loc. cit.); goes into the anhydrous salt at 


79°. 
TABLE I. 
Benzoates. 
Lithium. Potassium. 
Weight Mols. Weight Mols. 

per per Solid per per Solid 

cent. cent. Temp. phase. cent. cent. Temp. phase. 

7°22 1-082 —1-69° Ice 5-04 0-594 —0-86° Ice 

13-69 2-181 —3-94 - 9-70 1193 —2-14 * 
19-85 3-365 —6-49 - 16-23 2-131 —4-29 ¢s 
27-97 5-179 +0 1 aq. 24-23 3-471 —7-31 9 
29-80 5-633 +-13-5 *9 39-89 6-950 +85 0 
32-12 6-239 =.28-5 40-60 7-140 13-0 ” 
33-20 6-532 34:5 ‘ 44-92 8-410 41-0 % 
34-61 6-928 84-5 0 50-99 10-49 81-0 - 
36-51 7-482 111-0 bs 53-50 =11-46 97-5 99 
45-14 10-37 162-4 = 58-42 13-65 131-0 - 
49°12 11°97 176.0 66°09 17:99 181°0 » 

Sodium. Rubidium. 

8:36 1-127 —2-02 Ice 9-41 0-897 —1-56 Ice 
16-52 2-414 —4-85 2 21-15 2-285 —4-71 % 
26-01 4-210 —8-50 bi 33-32 4-181 —9-04 a 
38-52 7-265 +0 0 45-75 6-844 —14-75 $9 
38-59 7-284 +15-0 Pm 56:06 10:02 +15-0 0 
38-60 7-288 30-0 ma 59-70 = 11-45 51-5 om 
38-70 7-316 49-2 i 63-23 13-05 82-0 is 
39-20 7-460 59-7 - 70-32 17-13 147-0 20 
41-26 8-070 87-6 es 
42-28 8-388 97-0 so Cesium. 

47-30 10-09 133-0 - 9-92 0-774 —1-22 Ice 
50-75 =-11-41 151-3 - 25-62 2-380 —4-44 si 
57-05 14-24 186-0 - 43-08 5-091 —10-81 es 
60-43 16-03 204-5 * 74:75 17:34 +12-0 0 
77:34 19-47 53-5 - 


81-51 23-80 124-0 
3s* 
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Rubidium : RbA,H,O (found, by dehydration, 1-04 mols. H,0); 
goes into RbA at 78°. 
Cesium: CsA,H,O (found, by dehydration, 1-08 mols. H,0); 
Weig 


stable up to 64°. 

The results of the solubility measurements are contained in et 
Tables I—IV, and are plotted (using molecular concentrations) in 16-0 
Figs. 1—4. + 

52:5 


TABLE II. 55-0 


o-Hydroxybenzoates. 


Lithium. Potassium. 


Weight Mols. Weight Mols. 
per per Solid per per 
cent. cent. Temp. phase. cent. cent. 
10-17 1-396 —2-26° Ice 10-49 1-185 
20-62 3-145 —5-56 18-82 2-316 
35-83 6-525 31-15 4-422 
45-25 9-365 5 5 aq. 35-80 5-394 
49-04 10-74 ° 44-08 7°464 
52-45 12-12 9- . 49-19 8-450 
52:96 12-34 3° } aq. 53-33 10-46 
- os ; 55-82 11-45 
56-50 = 15-41 -f 61-31 13-95 
15-98 68-97 18:53 
17-22 “5 70-20 19-42 
20-13 . 74:80 23-29 
21-87 30- _ 
< ’ Rubidium. 
26-04 . 12-34 1127 —1-62 
30-32 . 23-48 2-424 —3-69 
33-81 3-968 —6-34 
42-77 5-706 —8-82 
53-40 8488 —13-17 
64-85 12-99 
68-15 14-77 
69-84 15-79 
74:97 19-53 
77-96 22-26 
79-89 24-34 
86-36 33-88 
Cesium, 
16-08 1-264 —1-83 
30-97 2-907 —4-24 
47-71 5-740 —8-08 
65-70 11-32 —3-5 
68-24 12-53 +4-5 
74:59 16-37 20-5 
80-07 21-13 33-0 
83-35 25-03 41-5* 
85-67 28-50 54-0 
89-91 37-28 67-5 
92-80 46-00 84-3 
94-33 52-58 107-5 
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* Metastable point. 
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TABLE III. 


m-Hydroxybenzoates. 
Lithium. Rubidium. 


eight Mols. Weight Mols. 
“aa per - Solid pers per Solid 
cent. cent. Temp. phase. cent. cent. Temp. phase. 
16-02 2-33 —4-41° = Ice 14-92 1-399  —2-23° Ice 
29-58 4:99 —10-78 - 32-13 3-690 —6-41 * 
39-97 7-68 —17-67 48-88 7-184 —13-69 Ice + 
52:53 13-46 +10-0 1 aq. 
5704 ©1468 74:5 50-61 7-658 . 1 aq. 
58-47 16-52 104-0 54-94 8-982 32: 
61:86 18-57 122-0 60-02 10-83 
, 65-04 13-10 
Sodium. 70-45 = 16-17 
14-68 1-899 —3-2l > 74:49 19-11 
30-53 4-71 —8-85 79-91 24-35 
45:16 8-48 —17-52 Ceesi 
5878 13-82 +10-0 ~eeen 
6461 17-94 110-0 16-98 1-348 —1-97 
6975 20-60 147-5 32-84 3-160 —4-92 
, 48-53 5-919 —9-65 
Potassium. 63-15 10-25 
12:39 1-43 —2-41 77-10 =18-34 
22-25 2-775 —5-06 78:52 19-61 
31-34 4-46 —8-59 81-70 22-95 
49-39 9:07 —19-92 84-45 26-60 
5904 12-85 +10-0 86-35 29-67 
61:94 14-27 33-5 87-88 32-60 
69-60 18-98 95-0 89-88 37-21 
75-02 23-52 136-8 93-42 48-64 
° Metastable point. 


Discussion of Results. 
The results clearly show that the anomalous differences found 
in the solubilities of the free hydroxybenzoic acids do not extend 
to their salts, among which no marked differences are to be observed. 
It is therefore evident that these anomalies depend on some 
chemical change in which the hydrogen of the carboxyl group takes 
part, since they vanish when this hydrogen is replaced by a metal. 
The general conclusion which emerges as to the influence of the 
alkali metal is that (as we should expect with the salts of weak acids) 
the solubility of the anhydrous salt increases with the atomic 
weight of the metal. This is true over the greater part of the 
range with only one exception, lithium o-hydroxybenzoate, which 
is more soluble than the sodium and potassium salts; this may be 
due to the salt not being isomorphous with its isomerides. The 
interpolated values in molecular percentages of the solubilities of 
the salts at 100° (where they are all anhydrous) are as follow : 
Metal. i. Na. K. Rb. Cs. 
Benzoate 72 8-48 11-63 14-02 22-13 
Hydroxy benzoate 24-5: 15-60 18-07 26:10 50-35 
16-52 19-47 18-07 41-84 
10-10 15-16 14-13 12-63 

3 s* 2 
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TaBLeE [V. 
p-Hydroxybenzoates. 
Lithium. Rubidium. 
Weight Mols. Weight Mols. 

per per Solid per per Solid 
cent. cent. Temp. phase. cent. cent. Temp. phase, 

5-04 0-659 —0-98° Ice 9-92 0-883 —1-17° Ice 

9-81 1-341 —2-37 - 17-47 1-685 —2-47 “ 
17-88 2-650 —5-23 = 26-22 2-798 —4-22 “ 
25-96 4:199 —9-28 o 35-66 4-297 +17-5 1 aq. 
31-54 5-488 —12-62* e 45-95 6-441 45-0 " 
30-84 5-280 +12-5 0 55-73 9-248 68-0 a 
30-92 5-299 +0 - 64-95 13-04 94-0 0 
31-96 5-557 + 85-0 - 74:00 18-72 120-5 " 
35-00 6-308 113-0 m 75-92 20-33 127-0 " 

Sodium. Cesium. 

5-075 0-597 —0-77 Ice 14-34 1:103 —1-56 Ice 
10-43 1-293 —2-07 = 20-38 1677 —2-42 ss 
19-65 2-678 +7-0 5 aq. 29-57 2-723 —4-27* . 
31-47 4-914 24-0 " “ . +3:-5 1 aq. 
41-32 7-342 36-5 - 40-80 4-395 27-5 “ 
45-61 8-623 39-0* ws 50-07 6-268 49-0 = 

99 99 43-0 0 60-36 9-222 75-5 0 
50-51 10:30 107-5 = 65-35 11-17 90-3 " 
54:93 12-06 163-0 is 70-67 13-85 107-5 = 


Potassium. 79-88 20-93 136-0 »” 
8-04 0-821 —1-43 Ice 
15-55 1848 —3-24 o” 
29-91 4-184 +15-°8 3 aq.: 
35-50 5-355 25-8 99 
45-71 7-932 43-0 ‘in 
56-70 11-82 64-4 Pa 
59-34 12-99 70-5 ns 
63-01 14-84 86-8 0 
64:95 15-94 129-5 = 


* Metastable point. 


The effect of the metal on the formation of hydrates is normal 
in the benzoates, where only the lithium salt is hydrated; but 
with the hydroxybenzoates the ordinary rule, that hydration only 
occurs with the salts of the lighter alkali metals, no longer holds. 
The cesium and rubidium salts form hydrates in all cases, in spite 
of the fact that in the para-series the lithium, and in the meta- 
series the lithium, sodium, and potassium salts do not. The same 
relations were found among the alkaline formates, as is described 
in the preceding paper. It is evident that in the formation of 
hydrates the kation is not the only determining factor. 


Our thanks are due to Mr. T. V. Barker for his kind help in 
distinguishing crystallographically between the different solid 
phases. 
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CCX XIII.—The Solubility and Volatility of 
3 : 5-Dinitrophenol. 


By Nevit VINCENT SrpewickK and THomas WESTON JOHNS 
TAYLOR. 


Ix a previous paper (Sidgwick and Aldous, T., 1921, 119, 1001) 
these properties have been measured for five of the six possible 
dinitrophenols. We have now completed this investigation by 
examining the sixth member of the group, the symmetrical (1 : 3 : 5) 
compound. We have also been able to make a considerable 
improvement in its preparation. 

Preparation of 3: 5-Dinitrophenol_—The chief method that has 
hitherto been employed is that described by Lobry de Bruyn 
(Rec. trav. chim., 1890, 9, 209) and used by Holleman (ibid., 1902, 
21, 438). It consists in converting s-trinitrobenzene into the 
dinitroanisole by boiling it with sodium methoxide in methy]l- 
alcoholic solution, and hydrolysing the latter by heating it with 
concentrated hydrochloric acid in a sealed tube at 180° for six 
hours. The conversion into the anisole offers no difficulty, but 
the hydrolysis was found to be unsatisfactory, both on account of 
the time it takes and because the high temperature that has te be 
wed brings about the formation of much tar. The best yield 
obtained by this method was 28 per cent. of theory, calculated on 
the trinitrobenzene. Hydriodic acid was tried instead of hydro- 
chloric acid, but after heating for half an hour at 100° the main 
ee was 3-nitro-5-aminoanisole, m. p. 118°. The removal of 
he methyl group by the action of aluminium chloride with carbon 
disulphide or benzene as solvent was also unsatisfactory, especially 
in the former case. Eventually it was found that the action of 
dry aluminium chloride in the absence of any solvent gave com- 
pletely satisfactory results (compare Gattermann and Hartmann, 
Ber., 1892, 25, 3531). The procedure adopted was as follows. 

Dry 3 : 5-dinitroanisole was heated with twice its weight of dry, 
finely powdered aluminium chloride in an oil-bath to 120°, and 
kept at this temperature until the evolution of methyl chloride 
ceased. The product was treated with crushed ice, and the re- 
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sulting solution made strongly alkaline, cooled, and filtered. (py 
acidifying and again cooling the filtrate, the dinitrophenol crystal. 
lised out. The yield of anhydrous phenol by this method varied 
from 85 to 90 per cent.; the over-all yield, calculated on the 
trinitrobenzene used, was 77—80 per cent. of theory. 

The phenol thus obtained was purified by repeated crystallisation 
from very dilute hydrochloric acid. It separates in fine, almost 
colourless needles, which Holleman (loc. cit.) has stated to be a 
hydrate. It was analysed and shown to have the formuh 
C,H,(NO,),°OH,2H,O by estimation of the nitro-groups by the 
method of Knecht and Hibbert (Ber., 1903, 36, 1549) and also by 
the loss of weight on drying at 55° (Found: loss = 16-41. Cale. 
for dihydrate, loss = 16-36 per cent.). 

The transition temperature of this hydrate (that is, the triple 
point dihydrate-anhydrous phenol-solution) does not appear 
clearly from the measurements of the solubility in water, because 
the solubility at this temperature is small; it was determined by 
slowly heating a sample of the dihydrate in a sealed bulb and 
observing the temperature at which it formed a solid and a solution; 
it was also measured in a dilatometer. These two methods gave 
concordant results: the transition temperature is 53-9°, 0-2° below 
that at which mixtures of the phenol and water break up into two 
liquid layers. 

The anhydrous phenol was obtained from the hydrate by heating 
to 60° in a water-oven, and finally to 100°. The melting point of 
the pure anhydrous compound was found from a cooling curve to 
be 126-1° (corr.); Holleman gives 124°. 

Latent Heat of Fusion.—This was determined by measuring the 
depression of the freezing point on the addition of benzil, and of 
m-dinitrobenzene. The values obtained were :— 


Benzil. m-Dinitrobenzene. 
Weight Weight 
per cent. Heat of per cent. Heat of 
of solute. Depression. fusion. of solute. Depression. fusion. 
0-26 0-23° 3-15 0-48 0-55° 3-02 
1-20 1-07 3-15 1-83 2-02 3-20 
1-91 1-71 3°15 Mean 3-11 
Mean 3-15 


The mean value of Q, the latent heat, is 3-13 kg.-calories per 
gram-molecule. 

Solubility in Water and in Benzene.——These were measured by 
the synthetic method previously adopted. The thermometers had 
been compared with a standard, and were corrected for emergent 
stem. The results are tabulated below, and are shown in Fig. 1. 


T 
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Fic. 1. 
Solubility in water and benzene. 
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In the first table, the letters H and P indicate that the solid hydrate 
or anhydrous phenol was in contact with the solution; in other 


cases, the separation was into two liquid layers. 


second phase was always solid phenol. 


Weight 

per cent. Temp. 
100 126-1° P 
96-08 100-5 P 
93-00 81-3 P 
90-71 69-9 P 
86-31 61-9 P 


Triple point 54-1°. 


Solubility in Water. 


Weight 
per cent. 
83-64 
81-70 
79-57 
77-61 
69-66 


Weight 
Temp. per cent. 
57-9° P 57-66 
55-5 P 29-98 
54-5 P 10-83 
54-1 P 3-23 
97-6 1-36 


Critical solution temperature 125°. 


Solubility in Benzene. 


Weight Mols. 
per cent. per cent. 
100 100 
94-20 87-32 
83-73 68-58 


73-08 


53-53 


Temp. 
126-1° 
116-0 
102-8 
103-4 


Weight Mols. 
per cent. per cent. 
51-13 30-72 
32-63 16-27 
20-13 9-65 

6-39 2-81 


In benzene, the 


Temp. 
97-7° 
94-4 
85-0 
60-9 
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Volatility in Steam.—This property was measured by the method 
previously used (T., 1920, 117, 396), the distillate being analysed 
by reduction with titanous chloride. Under a pressure of 768-5 mm, 
the distillate was found to contain 0-0055 per cent. by weight of 
the dinitrophenol, the temperature of the liquid being 10]-2°, 
The partial pressure of the compound in the vapour in equilibrium 
with the two liquid layers which are present at this temperature 
is therefore 0-00413 mm. From this we can calculate approxim. 
ately the vapour pressure of pure liquid dinitrophenol at the same 
temperature, by the method already explained (Sidgwick and 
Ewbank, T., 1921, 119, 995). At the triple point, the partial 
pressure of the phenol above the solution is equal to the vapour 
pressure of the solid, and the ratio of this to the vapour pressure 
of the pure liquid can be calculated from the heat of fusion to be 
1: 2-37. The saturated liquid layer at 100° has a composition not 
very different from that of the triple point, and over this range 
the vapour pressure changes very slowly with composition. We 
can therefore assume that the vapour pressure of the liquid is 
lowered by the dissolved water at 100° in the same ratio as it is 
at the triple point, in which case the pure liquid has a vapour 
pressure of 0-00413 x 2-37 = 0-0098 mm. 

Nominal Heats of Solution —From the benzene solubility curve, 
what have in previous papers been called the nominal heats of 
solution at various concentrations can be calculated by the use 
of the equation which van’t Hoff deduced by means of the osmotic 
pressure. As it may be doubted how far it is legitimate to make 
use of osmotic pressure in dealing with concentrated solutions, it 
is worth pointing out that the same relation can be established 
without regard to the osmotic pressure, by considering the vapour 
pressure alone. The whole object of the calculation of the nominal 
heat of solution is to obtain a measure of the departure of the 
actual solubility curve (and therefore of the vapour pressure curve) 
from that given by a normal pair of components. The vapour 
pressure curve for such a pair is of the simplest possible kind, the 
partial pressure of each component being equal to the product of 
its vapour pressure in the pure state into its molecular concentration 
in the solution. This is not merely an ideal case : many examples 
are known of systems giving this straight-line curve within the 
limits of experimental error.* Hence if p is the vapour pressure of a 
pure liquid, and p, its partial pressure in the vapour of the solution in 
which its molecular concentration is s, we have, for a normal system, 


P= p Xs or = p,/p. 


* Compare Roozeboom, “‘ Das Heterogene Gleichgewicht,” 1904, 2, I, 21; 
Young, ‘‘ Distillation Principles and Processes,” 1922, p. 30. 
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This relation must determine the ‘normal form of the solubility 
arve; and it is easy to show that this curve must give values of 
the heat of solution calculated by means of the van’t Hoff equation, 
which are constant (or, strictly speaking, which fall slightly with 
diminishing concentration). The ratio of the vapour pressure of 
a pure liquid (p) to that of the solid (p’) at a temperature, 7’, which 
is below the melting point, 7'9, can be shown by the application of 
the Clausius-Clapeyron equation to be given by 
p Q %™%-—T 
108s n = — RTT 

The only assumptions made in the deduction are (1) that the 
molecular volume of the liquid or solid can be neglected in com- 
parison with that of the vapour, and (2) that the heat of fusion, Q, 
is independent of the temperature. As to (1), the pressures we are 
concerned with being of the order of 1 mm., the molecular volume 
of the vapour will be some 20,000 litres, whilst that of the liquid 
or solid is of the order of 100 c.c. As to (2), it has already been 
shown (Sidgwick and Ewbank, T., 1921, 119, 993) that Q will 
always fall, but seldom more than 30 per cent. for 100° fall of 
temperature. We may therefore accept the conclusion with this 
limitation. 

Now in a saturated solution of a solid, the partial pressure of this 
component in the vapour is equal to the vapour pressure of the 
solid, that is, p, = p’. But we have already seen that, for normal 


substances, s = p,/p. Hence s = p’/p. 


Hence 
— Q T%-—1 
log. 8 = R°* TT ’ 


or, if we take the values 8, s, of the solubility at the temperatures 
Fs Sep 


It follows that this equation, which has hitherto been used for 
calculating Q, is always justified when the two components give a 
normal straight-line vapour pressure curve. This conclusion is, 
in fact, Raoult’s law. If Q does not remain constant (or fall slightly 
with diminishing concentration), this indicates that the system is 
departing from normal behaviour; and if Q@ becomes very large 
(indicating a very slow change of partial pressure with concen- 
tration), that is evidence that the system is approaching the tem- 
perature at which it separates into two liquids. 
The nominal heats of solution of 3 : 5-dinitrophenol in benzene 
are given in the following table, and are plotted in Fig. 2, where 
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the values for two of the isomeric phenols are added for comparison, 
In the table, the concentrations are expressed in gram-mols. per 
100 gram-mols. of solution, and the heats in kg.-calories. The first 
value is the latent heat of fusion obtained from the cryoscopic 
measurements already described. 


Mean mol. 
per cent. 


100 
95 
85 
75 
65 
55 


Nominal heat of solution. 


Nominal Heats of Solution in Benzene. 


60 


50 


Heat of 
solution. 


Mean mol. Heat of 
per cent. solution. 
45 23-75 
35 39-29 
25 49-89 
15 19-36 

6-5 11-64 


Fia. 2. 


Heats of solution in benzene. 
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For comparison, the chief properties of this compound are tabul- 
ated below, together with those of two of its isomerides which also 
have the meta-position occupied, the 1:3:4 and the 1:3:6 or 
1:2:5:— 
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DRUCE : 
Compound. 1:3:5-. 1:3:4. 1:3: 6-. 
Vap. press. at 100° in mm. x 100 { _ ey pr = 
Crit. sol. temp. in water ......... 25° 105-2° { (ame) 
46-7 46-4 4-0 


Increase of Q in benzene ......... 


The behaviour of this compound is in complete accordance with 
the conclusions of the previous work. It belongs to the group 
which have a low vapour pressure, a low critical solution tem- 
perature in water, and a large increase of heat of solution in benzene. 
These three properties have been shown to be characteristic of those 
nitrophenols which are not substituted in the ortho-position to the 


hydroxyl group. 


Dyson PERRINS LABORATORY, 


OXFORD. [Received, July 31st, 1922. 


CCX XIV.—isoPropylstannonic Acid and its Derivatives. 
By JoHN GERALD FREDERICK DRUCE. 


isoPROPYLSTANNONIC ACID, prepared in a similar manner to ethyl- 
stannonic acid * (T., 1921, 119, 758), by the interaction of iso- 
propyl iodide and potassium hydrogen stannite in accordance 
with the equation C,H,I + KHSnO, = C,H,SnO-OH + KI, is 
amphoteric, forming salts with bases (most of which are basic) 
and dissolving in hydrochloric or hydrobromic acid to give the 
tin tsopropy! trihaloid. 

By boiling with excess of alkali hydroxide solution, the acid is 
converted into ditsopropylstannic oxide : 

2C,H,*Sn0-OK = (C,H,),SnO + K,SnQsg. 

This reaction recalls the mode of formation of ketones, with 
which this oxide is analogous but to which it shows very little 
resemblance in physical and chemical properties. When treated 
with hydrochloric or hydrobromic acid, it yields the corresponding 
dihaloid. 

The di- and tri-haloid derivatives, (C,H,),SnX, and C,H,-SnX,, 
yield double salts with the halogen salts of pyridine. These sub- 
stances have properties similar to those of the organic stannichlorides 


(T., 1918, 113, 715). 


EXPERIMENTAL. 

isoPropylstannonic Acid, C;H,-SnO-OH.—The potassium hydrogen 

stannite solution required was made by adding a sufficient quantity 
* Called ethylstannic acid in the paper quoted. 
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(about 250 c.c.) of 10 per cent. potassium hydroxide to produce a 
clear solution with 20 grams of stannous chloride, shaken with 
60 c.c. of water. isoPropyl iodide (22 grams) was then added and 
the mixture was shaken at intervals during ten days.* When the 
isopropyl iodide had disappeared, the solution was treated with 
dilute hydrochloric acid until neutral, the gelatinous precipitate 
of isopropylstannonic acid filtered, washed with warm water, and 
dried on a porous plate (Found: Sn = 59-9; C= 18-0; H = 455, 
C,H,0,Sn requires Sn = 60-0; C = 18-5; H = 4-1 per cent.). 
The tsopropylstannonic acid was an almost white, amorphous 
substance, which did not melt, but decomposed when strongly 
heated, leaving a residue of stannic oxide. The acid was anhydr. 
ous, and did not gain in weight on exposure to the air. When 
heated out of contact with the air, it decomposed, giving off iso. 
propyl alcohol, propylene, and a trace of propane. The residue 
contained stannous and stannic oxides and also a little carbonaceous 
matter. 

The acid was insoluble in water and organic solvents, but dis- 
solved in dilute mineral acids and in sodium or potassium hydroxide. 

The potassium salt, C,H,SnO-OK, was prepared by digesting 
excess of the acid (5 grams) with 40 c.c. of 10 per cent. potassium 
hydroxide for several hours on a warm water-bath. After filtration 
the solution was kept in a desiccator over sulphuric acid until 
colourless, deliquescent, tabular crystals separated. These were 
washed with alcohol, drained, and dried between filter-paper 
(Found: K = 16-9; Sn = 49-6. C,H,0,KSn requires K = 16-7; 
Sn = 51-0 per cent.). The salt dissolved readily in water, forming 
a very alkaline solution which became cloudy on keeping and on 
warming, owing to hydrolysis. With excess of alkali, the solution 
remained clear. 

The sodium salt was isolated in the same way as the potassium 
salt, which it resembled in its properties (Found: Na = 10:3; 
Sn = 53-7. C,H,O,NaSn requires Na = 10-6; Sn = 54-8 per cent.). 

Basic calcium, strontium, and barium salts were obtained as 
white precipitates by adding excess of a solution of sodium or 
potassium isopropylstannonate to solutions of the metal chlorides. 
On analysis, the products were found to contain excess of the 
alkaline earth metal, and less tin, hydrogen, and carbon than 
the normal salt, (C;H,SnO,),M, would require. Other basic salts 
of little interest were also obtained. 


* In some experiments the equivalent amount of isopropyl bromide was 
used instead of the iodide, and in others the duration of the reaction was 
shortened by the addition of alcohol to the reaction mixture, thus making 
it a nearly homogeneous solution. 
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Tin Diisopropyl Oxide, (C,H,),8nO.—This substance was most 
readily formed by heating under reflux for four hours the reaction 
mixture obtained in the preparation of isopropylstannonic acid. 
(arbon dioxide was passed through the pale brown solution, and 
the white precipitate, which, unlike the stannonic acids, was easily 
filtered and washed, was dried on porous plate in a desiccator 
over sulphuric acid and solid sodium hydroxide (Found : Sn = 53-6. 
(,H,,OSn requires Sn = 53-8 per cent.). 

Tin diisopropyl oxide is infusible. When heated in air, it yields 
stannic oxide. It does not dissolve in water, aqueous solutions 
of alkalis, or in organic solvents, but is soluble in hot hydrochloric 
and hydrobromic acids, yielding the corresponding tin diisopropyl 
dihaloids. 

The oxide has also been obtained by boiling isopropylstannonic 
acid with excess of 10 per cent. potassium hydroxide for half an 
hur. The residue of tin diisopropyl oxide was isolated as 
described above. 

Tin isoPropyl Tribromide, C,H,"SnBr;.—Very deliquescent, pale 
yellow, prismatic tablets of this substance were obtained by allow- 
ing a solution of 4 grams of isopropylstannonic acid in 25 c.c. of 
concentrated hydrobromic acid to evaporate in an evacuated 
desiccator over sodium hydroxide (Found: Sn = 28-7; Br = 58-9. 
(,H,Br,Sn requires Br = 59-7; Sn = 29-6 per cent.). It melted 
at about 112° and was very soluble in water, giving a strongly 
acid solution. Dry ether did not dissolve it, but it was soluble 
in the moist solvent, and also in glacial acetic acid; hot benzene 
and chloroform appeared to dissolve it slightly, but the substance 
was not recovered in a pure condition on removal of the solvent. 

Pyridine isoPropylstannibromide, C,H,SnBr3,2C;H;N,2HBr.— 
Tin isopropyl tribromide (2-5 grams) and pyridine hydrobromide 
(2 grams) were dissolved together in 50 c.c. of dilute hydrobromic 
acid. The solution was slightly concentrated on the water-bath, 
and, on cooling, deposited pale yellow, nacreous plates (Found : 
Sn = 16-5; Br = 55-9. C,,H,,N,Br,Sn requires Br = 55-4; Sn = 
16-5 per cent.). The substance crystallised unchanged from dilute 
hydrobromic acid, and did not melt at 300°. It was soluble in 
water and showed the properties of organic stannichlorides (com- 
pare T., 1918, 113, 715). 

Pyridine isoPropylstannichloride, C,H,*SnCl,,2C;H;N,2HCl.— 
Attempts to isolate tin isopropyl trichloride, C,H,-SnCl,, from 
hydrochloric acid solutions of isopropylstannonic acid have been 
unsuccessful. The double pyridine chloride has, however, been 
obtained by dissolving 3 grams of isopropylstannonic acid in 25 c.c. 
of concentrated hydrochloric acid and adding 1-8 grams of pyridine 
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hydrochloride together with 25 c.c. of water. This solution yielded 
colourless, sword-shaped crystals, which were recrystallised from 
dilute hydrochloric acid and dried between filter-paper (Found: 
Cl = 35-1; Sn = 24-0. C,H, .N,Cl,Sn requires Cl = 35-4; Sn = 
23-9 per cent.). 

Pyridine isopropylstannichloride did not melt at 300°; it dissolved 
in warm water with slight hydrolysis. The acidified solution gave 
a yellow precipitate when treated with ammonium sulphide. 

When isopropylstannonic acid was acted upon by concentrated 
hydriodic acid, a clear solution was not obtained. Benzene 
extracted a pale yellow, crystalline solid from the reaction products. 
This gave no carbon dioxide or water when ignited with pure 
copper oxide. The substance melted at 144° and proved to be 
stannic iodide. Crystals of potassium stanni-iodide, K,SnI,, were 
obtained when isopropylstannonic acid was heated with potassium 
iodide and hydriodic acid. 

With pyridine, the only product of interaction of the acid and 
hydriodic acid which separated was pyridine tri-iodide, C;H,N,HI,, 
in brown needles. 

Tin Diisopropyl Dichloride, (C,;H,),SnCl,.—Tin diisopropyl oxide 
(5 grams) was dissolved in 25 c.c. of hot concentrated hydrochloric 
acid. After cooling in a desiccator, this solution gave almost 
colourless, transparent crystals, which were recrystallised from 
benzene, in which they dissolved but sparingly in the cold (Found : 
Cl = 26-1; Sn = 43-4. C,H,,Cl,Sn requires Cl = 25-7; Sn = 43:1 
per cent.). 

Tin diisopropyl dichloride melted at 80—84°, and was soluble 
in water, alcohol, hot benzene, and hot glacial acetic acid. The 
chief product of hydrolysis obtained when the aqueous solution 
was boiled, was the hydroxy-chloride, since, after filtration and 
washing, it dissolved in hot dilute nitric acid. The solution gave 
a copious precipitate of silver chloride with silver nitrate solution. 

Tin diisopropyl dichloride was deliquescent. When heated, it 
emitted the strong odour of the tin trialkyl haloids, which sug- 
gested that it decomposed in accordance with the equation 


3(C,H,),SnCl, = 2(C,H,)sSnCl + SnCl,. 


This matter is being investigated further. 

Pyridine diisopropylstannichloride, (C,;H,),SnCl,,2C;H,N,2HCl— 
This double salt was prepared by dissolving together 2 grams of 
pyridine hydrochloride and 2 grams of tin diisopropyl dichloride 
in 25 c.c. of hot dilute hydrochloric acid. On cooling, colourless 
crystals separated (Found: Cl = 28-3; Sn = 24-6. CgH,,N,Cl,Sn 
requires Cl = 28-0; Sn = 23-5 per cent.). The compound began 
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to darken without melting at 270°. It dissolved in water with 
dight hydrolysis, producing, as in the case of all these double 
salts, a distinctly acid solution. 

Tin Diisopropyl Dibromide, (C,H,),SnBr,—This was obtained 
by dissolving tin diisopropyl oxide in hot hydrobromic acid. The 
solution deposited pale yellow, hygroscopic crystals after remaining 
for several days in a desiccator over solid sodium hydroxide (Found : 
Br = 43-0; Sn = 31-1. C,H,,Br,Sn requires Br = 43-8; Sn =32-6 
per cent.). 

Tin diisopropyl dibromide decomposed on addition of cold water, 
in which it dissolved at first. Moist alcohol, acetone, and benzene 
all dissolved it slightly, but it was insoluble in other organic 
solvents. It melted at about 54°. 

Pyridine Diisopropylstannibromide, (C,H,),SnBr,,2C;H;N,2HBr. 
—About 2 grams of tin diisopropyl dibromide and 2 grams of 
pyridine hydrobromide were dissolved together in 20 c.c. of hot 
dilute hydrobromic acid. The solution deposited very pale yellow 
platelets (Found: Br = 48-8; Sn= 16-3. C,gH,,N,Br,Sn_re- 
quires Br = 49-6; Sn = 16-4 per cent.). The salt dissolved in 
water with slight hydrolysis. On heating, it began to darken at 
230° and decomposed at a somewhat higher temperature. 


The author wishes to acknowledge his indebtedness to the 
Chemical Society for a grant from the Research Fund which has 
largely defrayed the expenses of this investigation. 
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(CUXXV.—Piperitone. Part IV. The Interaction of 
dl-Piperitone and Semicarbazide, and the Isolation 
of Pure dl-Piperitone. 


By Joun Reap and Henry GEORGE SMITH. 


Iv our original note on the interaction of dl-piperitone and semi- 
carbazide (T., 1921, 119, 784), the effect was described of mixing 
the ketone in cold aqueous alcoholic solution with an excess of the 
hydrochloride of the base. The material which separated after 
afew hours, when once recrystallised from boiling alcohol, melted 
at 219—-220°, and seemed to be similar to the semicarbazone of 
the synthetic A!-p-menthen-3-one described by Wallach (Annalen, 
1908, 362, 272). From the data then at our disposal, the two 
products appeared, however, to be distinct, owing to apparent 
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differences in solubility,-melting point (Wallach, loc. cit.), and ease 
of formation (compare Roberts, T., 1915, 107, 1466). The lack of 
reference in these two papers to a benzylidene derivative, which 
in the case of piperitone is capable of such ready production, seemed 
to support this conclusion. Unfortunately, also, these sources 
afforded no reference to hydroxylamine derivatives of the ketones 
concerned. The question of the identity of piperitone was accord. 
ingly reserved for discussion in a later communication, after the 
accumulation of further data (loc. cit., p. 783). 

Subsequently, we were able to obtain access to Schimmel’s Semi. 
Annual Report for October, 1910 (compare Roberts, loc. cit.), giving 
a description (p. 97) of a Al-p-menthen-3-one from Japanese pepper. 
mint oil, which yielded not only a semicarbazone melting at 224— 
226°, but also an oxime melting at 107—109° and a hydroxylamino. 
oxime melting at 164—165°. The strong case thus established for 
the acceptance of the chemical identity of piperitone with the 
ketonic constituent of Schimmel’s Japanese peppermint oil and 
Roberts’s oil of Cymbopogon sennaarensis, and with Wallach’s 
synthetic ketone, was strengthened in a striking manner by Simon- 
sen’s contemporaneous investigation of the dextrorotatory ketone 
from the oil of the Himalayan grass, Andropogon Jwarancusa (T., 
1921, 119, 1644). In a more recent communication (this vol., 
p. 589) this conclusion was confirmed by the establishment of the 
crystallographic identity of dl-piperitone-«-oxime, prepared from 
the levorotatory ketone of Eucalyptus dives, with a corresponding 
product derived by Simonsen from the dextrorotatory ketone of 
A. Jwarancusa. The additional observation, recorded below, that 
dl-piperitone from E. dives yields two semicarbazones, melting 
after careful purification at 226—227° and 174—176°, respectively, 
provides a further indication of the chemical identity of the ketones 
from the various sources which have been mentioned. 

Judging from the small, but distinct dextrorotations shown by 
the preparations, extracted with sodium sulphite solution, from 
the oils of Japanese peppermint and C. sennaarensis, piperitone 
occurs in these oils, as in that of A. Jwarancusa, in the dextro- 
rotatory form. Thus, the ketone isolated by Simonsen from the 
last-named source by fractional distillation under diminished 
pressure had [«]§ + 36-76°, but after treatment with sodium 
sulphite and alkali the value for the purified ketone had declined, 
owing to partial racemisation, to [«]? + 7-92°. Specimens pre- 
pared from the oil of ZH. dives by fractional distillation under 
diminished pressure often exhibit values in the vicinity of [a]? — 50°. 
It is thus noteworthy that piperitone appears to occur in the dextro- 
gyrate modification in the natural sources known in the Northern 
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yemisphere,* whilst in the Southern hemisphere it is the levogyrate 
modification which is produced (compare this vol., p. 584). 

A consideration of the constitution of piperitone in relation to 
its general chemical behaviour is reserved for a later communication. 
In the present paper, we are able for the first time to record certain 
physical constants for pure dl-piperitone. The value 46-70, deter- 
mined for the molecular refractivity, is the highest yet recorded 
for this substance; the calculated value for a ketone, C,)H,,0, 
yith one ethylenic linking is 45-82, the exaltation being therefore 


nd €ase 
lack of 

Which 
seemed 
sOUrCces 
‘etones 
ccord. 
er the 


Semi- § ).38. The physical evidence thus corresponds with conjugation 
Ziving § of the two unsaturated groupings, but it is noteworthy that the 
pper- Bf calculated value of the molecular refractivity for the enolic form 
224— Bf the substance is 46-76. The density of pure dl-piperitone is 
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appreciably lower than the values hitherto recorded, the dis- 
wepancy amounting to as much as 0-4 per cent. in the case of 
Wallach’s synthetic product. The boiling point of the pure sub- 
stance, when distilled under atmospheric pressure, is also somewhat 
lower than the temperatures observed in the investigations to 
which reference has been made (compare Roberts, loc. cit.). 

It may be pointed out that no formal proof has yet been adduced 
of the constitutional identity of the optically active and inactive 
ketones. Most of the derivatives yet described have been optically 
inactive, and the possibility of racemisation being accompanied by 
isomerisation is forming the subject of inquiry. The physical and 
chemical properties of the optically active ketone are also under 
investigation. 

Although pure benzylidene-dl-piperitone is readily prepared from 
the crude ketone, isolated from the essential oil of H. dives by 
fractional distillation under atmospheric pressure, yet it proved 
impracticable to obtain a pure semicarbazone directly from material 
of this kind. In our original communication (loc. cit., p. 781) we 


by Ff ascribed the slight but persistent levorotation shown by specimens 
om § of the racemised ketone, isolated from EZ. dives, to contamination 
me J with small quantities of a levorotatory impurity. This foreign 
'Oo- substance, the identity of which we hope to investigate, appears 
he J to form a semicarbazone which is difficult to separate from the 
ed 9 semicarbazones of dl-piperitone : in an experiment described below, 
im} for example, the crude ketone had [a] — 0-50°, whilst the 
d, regenerated specimens from the purified «- and $-semicarbazones 
© § had the respective values [a]? —0-13° and [a]? — 1-37°. In 
; order to obtain pure dl-piperitone, it is therefore necessary to 
., * The sense of the optical rotation of the A!-menthen-3-one reported by 
m Schimmel and Co. to occur in camphor oil is not evident (compare Gilde- 


meister and Hoffman, “ Die atherischen Ole,” Leipzig, 1913, II, 482). 
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submit the crude ketone to a preliminary purification by the 
sulphite method before converting it to semicarbazone. 

Further investigations on the preparation of dl-piperitone. 
semicarbazones disclosed several points of interest. The reaction 
between the ketone and semicarbazide hydrochloride takes place 
fairly readily at the ordinary temperature in aqueous alcoholic 
solution, and the separation from the acid liquid consists of almost 
pure «-semicarbazone ; the @-compound appears to be more strongly 
basic than the «-compound, since it is not precipitated when the 
filtrate is diluted with water. On the other hand, by heating an 
aqueous alcoholic solution of dl-piperitone, semicarbazide hydro. 
chloride, and sodium acetate for several hours, the yield of the 
a-compound is nearly doubled, the formation of the isomeric 
substance being almost completely suppressed. 

The readiness with which dl-piperitone yields a hydroxylamino. 
oxime rendered it of interest to attempt the preparation of a semi- 
carbazido-semicarbazone, particularly in view of the conclusions 
of Rupe and later investigators concerning the constitutional 
peculiarities which appear to favour the formation of such deriv. 
atives (compare von Auwers, Ber., 1921, 54, [8], 987; Heilbron and 
Buck, T., 1921, 119, 1515). Although no evidence was forth- 
coming of the occurrence of such a derivative in this instance, yet 
in aqueous alkaline mixtures, favouring enolisation of the ketone, 
very slow reaction ensued, leading to the production of a stable 
and well-defined additive compound of dl-piperitone and semi- 
carbazide. From the behaviour of this substance it appears that 
the addition is associated with the ketonic group, and not with 
the ethylenic linking. The new substance, besides being the most 
distinctive semicarbazide derivative of dl-piperitone, is of excep- 
tional interest as establishing a definite intermediate additive stage 
in the formation of these semicarbazones : 

C,H,_.C:0 —> C,H,,-C(OH)-NH-NH-CO-NH, — 

C,H,,-C:N-NH-CO-NH, + H,0. 
An investigation of the behaviour, under similar conditions, of 
other ketones and related substances is in progress, and we reserve 
this field of work. 


EXPERIMENTAL. 
Methods of Preparing the «- and 8-Semicarbazones of di-Piperitone.— 
1. dl-Piperitone (35 grams; 1 mol.) was added to an excess of 
semicarbazide hydrochloride (30 grams; 1-2 mols.) dissolved in 
water (120 ¢c.c.), and the homogeneous liquid which resulted upon 
adding methylated spirit was kept at the ordinary temperature for 
about two days. The ensuing crystalline deposit, which had formed 
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READ AND SMITH : 


to a considerable extent after the lapse of a few hours, when col- 
lected, washed with warm alcohol, and dried (16 grams), melted 
at 226—227°. By diluting the filtrate with water and treating 
the precipitate in a similar manner, a further small quantity (1-4 

ms) of the same substance was obtained. The total yield (17-4 
grams) of the «-semicarbazone was 36 per cent. of the calculated 
amount. 

The addition of a slight excess of ammonia to the aqueous alco- 
holic filtrate produced a copious precipitate (13-8 grams) of the 
g-semicarbazone, and evaporation of the filtered liquid gave a 
little more (2-5 grams) of the same substance. The total yield of 
the crude 8-semicarbazone (16-3 grams) was 34 per cent. of the 
calculated amount, and after one recrystallisation from alcohol it 
melted at 174—176°. It possessed a distinct yellow tinge, which 
was not lessened by repeated crystallisation from alcoho] (Found : 
N= 20-3. C,,H,,ON, requires N = 20-1 per cent.). 

In a similar experiment, the original solution was raised to the 
boiling point for a short time, after adding the methylated spirit, 
but the only apparent result was an acceleration of the reaction. 

2. Crystallised sodium acetate (41-5 grams) was dissolved in 
water (50 c.c.) containing an equivalent amount of semicarbazide 
hydrochloride (30 grams) in solution; dl-piperitone (35 grams) 
was added, and the mixture diluted with warm methylated spirit 
until the attainment of a clear solution. After two days, the 
crystalline deposit (18-6 grams) was collected and washed with 
warm alcohol; it melted at 210° and consisted of a mixture of the 
2- and $-semicarbazones, from which almost pure «-semicarbazone, 
melting at 225—226°, was obtained after two recrystallisations from 
acetic acid. 

The aqueous alcoholic filtrate from the crude product gave a 
precipitate when diluted with water; this consisted of a mixture 
of the «- and 8-semicarbazones, in which the latter compound 
predominated. The pure $-compound, melting at 174—176°, was 
obtained after patient recrystallisations from alcohol. 

Very similar results were achieved by using acetic acid in place 
of alcohol in the original reaction mixture. 

3. dl-Piperitone (65 grams; 1 mol.) was added to a solution in 
water (66 c.c.) of semicarbazide hydrochloride (54 grams; 1-1 mols.) 
and sodium acetate (75 grams). Sufficient hot methylated spirit 
was added to clear the solution, which was then boiled gently 
under reflux on the water-bath. Separation of semicarbazone 
began after about two hours, and at the end of six hours the product 
was transferred to a hot filter, the solid being washed successively 
with hot methylated spirit, hot water, and hot alcohol. The dry 


1868 READ AND SMITH: PIPERITONE. PART IV. 


substance (40 grams) melted at 226—227° and consisted of pur 
a-semicarbazone (Found: N = 20-2 per cent.). The filtrate anq 
washings, on evaporation, yielded further amounts of crystalline 
material, which after purification with hot alcohol proved to be 
mainly «-semicarbazone (15 grams), melting at 226—227°. From 
the mother-liquors was isolated a small quantity (2-4 grams) of the 
8-semicarbazone melting at 174—176°. The total amount of «. 


semicarbazone isolated (55 grams) was 62 per cent. of the theoretical, 8 
The yield was not increased by neutralising the filtrate with § ™ 
ammonia. wat 

Properties of the «- and ®-Semicarbazones of dl-Piperitone—d. § 9 
Piperitone-«-semicarbazone crystallises in minute, glistening leaflets, and 
which, in bulk, possess a soapy feel. The substance is quite devoid § ™% 
of colour, and melts to a clear, colourless liquid at 226—227°, in 
When heated somewhat above its melting point, it loses ammonia, § \° 
but does not yield piperitone, the residue consisting of a dark, § {9 
resinous mass. It is characterised by sparing solubility in most of § ™ 
the ordinary solvents, but it may be crystallised from hot acetic iy 
acid or nitrobenzene, a certain amount of decomposition occurring § \ 
in the latter solvent at temperatures near the boiling point. as 

The «-semicarbazone is practically insoluble in cold dilute hydro. § ™ 
chloric acid, but it dissolves in the cold concentrated acid, yielding § ™ 
a colourless solution, from which it is reprecipitated on the addition § 4 
of ammonia or sodium hydroxide solution. It undergoes com- fo 
paratively slow hydrolysis in hot, strongly acid solutions. Solutions § ? 
in hot acetic acid show no marked reaction with bromine. The § # 
substance forms a clear, colourless solution when suspended in q 


chloroform and submitted to the action of dry hydrogen chloride. 

dl-Piperitone-B-semicarbazone, when prepared as stated above, 
forms minute needles, melting at 174—176° to a clear, faintly yellow 
liquid, which, on cooling, solidifies to a transparent resin. When 
heated above the melting point, it decomposes slightly, with evolu- 
tion of ammonia and formation of a pale yellow resin. It is readily 
soluble in alcohol, chloroform, and other organic solvents, and it 
dissolves very sparingly in hot water. The crystals exhibit a faint, 
but distinct yellow tinge, whilst solutions in dilute hydrochloric 
acid are deep yellow; neutralisation with alkali reprecipitates the 
original faintly tinged solid. Solutions in chloroform also become 
deep yellow on treatment with dry hydrogen chloride. The 6- 
semicarbazone is readily hydrolysed by hot dilute hydrochloric 
acid, yielding piperitone. Bromine does not appear to affect it 
in hot acetic acid solution. 

When prepared from semicarbazido-dl-piperitone, in the manner 
described below, the 6-semicarbazone was quitejcolourless, and it 
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melted at 174—176° to a colourless liquid which formed a trans- 
rent resin on cooling. Neither preparation appeared to be 
affected when maintained at 150° for fifteen minutes, and a mixture 
of the two melted unchanged at 174—176°: the yellow colour thus 
gems to be due to the presence of traces of an impurity. The 
yellow specimen was hydrolysed with distinctly greater rapidity 
than the other, when boiled with dilute hydrochloric acid. 
Semicarbazido-dl-piperitone, CyH,.-C(OH)-NH-NH-CO-NH,.—A 
mixture of a solution of semicarbazide hydrochloride (5 grams) in 
water (25 c.c.) with dl-piperitone (6-2 grams) was rendered slightly 
alkaline by the addition of 10 per cent. sodium hydroxide solution 
and shaken in a stoppered flask at intervals. After keeping over- 
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levoid @ night, a further quantity of semicarbazide hydrochloride (5 grams) 
~297° @ in water (25 c.c.) was added, and the mixture again made alkaline. 


No sign of reaction was evident for several days, but after keeping 


nOonia, 
fora week, with frequent shaking, a considerable amount of solid 


dark, 

ost of § material had separated in small, opaque granules, and after the 
icetic | lapse of about three weeks the reaction appeared to be complete. 
rring § \ The product was collected and freed from inorganic impurities and 
, unchanged piperitone by washing with water and ether. The 
vdro. § substance was first recrystallised from hot alcohol, in which it 
ding § was moderately soluble, and finally from hot water, in which it 
ition § dissolved rather sparingly. It was moderately soluble in chloro- 
om. § form and almost insoluble in ether or benzene. The yield of 
ions § purified product amounted to about 75 per cent. of the weight of 


the ketone taken, best results being achieved by the use of small 


The 
i quantities of the reactants (Found: C= 58:2; H=90; N= 


in 
ide. 193. © ,,H,,O,N, requires C= 58:1; H=93; N= 18-5 per 
ve, cent.). 

ow Semicarbazido-dl-piperitone crystallises in colourless, glistening 
en leaflets, which attain a much larger size than the crystals of the 
lu- semicarbazones of dl-piperitone. The substance melts at 186—187° ; 
ily slightly above this temperature it decomposes with vigorous evolu- 
it tion of ammonia, and at higher temperatures piperitone is regener- 
it, ated. It dissolves readily in cold dilute hydrochloric acid, and on 
ic the addition of ammonia separates slowly from the solution in 
1e glistening leaflets. The solution in concentrated hydrochloric acid, 
e when slightly warmed, becomes cloudy, owing to the liberation of 
. piperitone. The ketone is also slowly evolved from the boiling 
c aqueous solution of the derivative. 

t A suspension of semicarbazido-dl-piperitone in chloroform, unlike 


similar suspensions or solutions of the «- and $-semicarbazones, 
readily yielded a colourless precipitate when saturated with dry 
hydrogen chloride. This substance, which was apparently semt- 
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carbazido-dl-piperitone hydrochloride, melted and decomposed at 
165—167°; it was stable in air, and dissolved readily in water and 
rather sparingly in dilute hydrochloric acid (Found: HCl = 14-4 
C,,H,,0,.N3,HCl requires HCl = 13-8 per cent.). The original base 
(m. p. 186—187°) was precipitated from the aqueous solution when 
neutralised with ammonia. The same derivative was produced, 
in a well-defined crystalline form, by moistening semicarbazido-dl. 
piperitone with concentrated hydrochloric acid; on keeping such 
a mixture, the crystals soon disappeared, and the resulting solution, 
when diluted with water after the lapse of an hour, yielded 
piperitone. 

When a solution of semicarbazido-dl-piperitone in the least 
possible quantity of dilute hydrochloric acid was kept for forty. 
eight hours and then neutralised with ammonia, it yielded a 
colourless precipitate, consisting of a mixture of the «- and 6. 
semicarbazones of dl-piperitone. The £-derivative, prepared in 
this manner, was devoid of colour, as noted above (Found: N = 
20-1 per cent.). A similar result was attained by mixing aqueous 
solutions of semicarbazido-dl-piperitone and semicarbazide hydro- 
chloride and keeping for the same period, with or without the 
addition of sodium acetate; no indication was obtained of the 
formation of a semicarbazido-semicarbazone. 

An aqueous solution of semicarbazido-dl-piperitone, when heated 
on the water-bath for two hours with a slight excess of hydroxyl- 
amine hydrochloride and sodium acetate, failed to yield an oxime, 
most of the substance being recovered unchanged. 

Solutions of the derivative in warm acetic acid readily underwent 
oxidation with bromine, yielding carbon dioxide, ammonium 
bromide, thymol, and other products. 

The derivative obtained from /-piperitone under the prescribed 
conditions was identical with the semicarbazido-dl-piperitone just 
described ; its saturated alcoholic solution exhibited no measurable 
optical activity in a 2-dem. tube when examined in sodium light at 
the ordinary temperature. 

The Preparation of Pure dl-Piperitoxe —In the initial attempt to 
prepare pure d/-piperitone, quantities of the «- and 6-semicarbazones 
were prepared by method (1), as described above, from a specimen 
of the ketone isolated from the crude oil of 2. dives by fractional 
distillation under atmospheric pressure and having [«]j — 0-50°. 
The ketone was regenerated from each of the semicarbazones by 
means of steam distillation in the presence of 20 per cent. oxalic 
acid solution; the two specimens were then separated from the 
aqueous distillates, dried over calcium chloride, and filtered, but 
not redistilled. Since both specimens were still distinctly optically 
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active, they could not be regarded as pure dl-piperitone, but certain 
physical constants were nevertheless determined. The specimen 
regenerated from the «-semicarbazone had [«]} — 0-13°, d}’ (vac.) 
):9335, and n® 1-4848; whilst that from the $-semicarbazone had 
(a}i — 1-37°, and nj) 1-4848. Both specimens boiled at 115—116°/ 
20 mm. 

Pure dl-piperitone was eventually prepared by extracting the 
crude oil of H. dives with sodium bisulphite and converting the 
ketone from the recrystallised bisulphite compound into the «- 
smicarbazone, according to method (3) described above. After 
the preliminary purification over the bisulphite compound, the 
ketone * boiled at 152°/75 mm. and had [«]i} — 3-67°. The 
derived «-semicarbazone (40 grams, m. p. 226—227°):was boiled 
under reflux with a 20 per cent. aqueous solution of oxalic acid for 
thirty minutes, after which the mixture was steam distilled. The 
separated piperitone, when dried over calcium chloride and filtered 
27-9 grams), amounted to about 96 per cent. of the calculated 
yield. It exhibited no measurable optical activity in a 2-dem. 
tube, when examined in sodium light at 20°; the density prior to 
redistillation, d?? (vac.) 0-9336, was almost identical with that of 
the foregoing preparation. 

Physical Properties of Pure dl-Piperitone—When distilled under 
diminished pressure, from an oil-bath maintained at 145—150°, 
the purified ketone passed over completely at 113°/18 mm., the 
frst few drops of the distillate, which contained traces of water, 
being collected separately. 

Determinations of density (reduced to vacuum) were made as 
follows: d7 0-9331, d? 0-9294, d} 0-9257. 

The further value, d3} 0-9296, stands in satisfactory agreement 
with the corresponding value, d3} 0-9307, found by Simonsen (loc. 
cit., p. 650) for a specimen of the ketone from A. Jwarancusa which 
had been purified by solution in sodium sulphite solution. 

The refractive index was determined, at the same three tempera- 
tures, in the Abbé instrument: vn‘) 1-4845, n?® 1-4825, ni? 1-4805. 
The value of R,, calculated from the data determined at 20°, is 
thus 46-70. 

When a specimen of pure dl-piperitone was distilled under atmo- 
spheric pressure (768-6 mm.), about 25 per cent. passed over at 
232—233° (corr.), and by the time 50 per cent. had distilled the 
temperature had reached 235°. ‘The distillate was colourless, but 
* A similar specimen, having [a]j) — 1-44°, boiled at 164°/106 mm. The 
results of investigation on the extraction of the ketone will be published in 


due course, but it may be mentioned that the optical activity of specimens 
purified in this manner is to be attributed to incomplete racemisation. 
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the odour indicated slight decomposition. The residue had , 
distinct yellow colour. 

Pure dl-piperitone is quite colourless, and it does not exhibit 
the marked tendency of the somewhat impure specimens to become 
yellow when kept. 

The bisnitroso-derivative of dl-piperitone, obtained in small 
yield by applying the method of Baeyer and Henrich (Ber., 1895, 
28, 654) and keeping the mixture at a low temperature for a day 
or two, corresponded closely with the description given by Roberts 
(loc. cit.) for the derivative obtained in the same way from the 
ketonic constituent of the oil of C. sennaarensis. It formed colour. 
less crystals which melted at 97—98° and decomposed when kept 
for several months. 

dl-Piperitone failed to yield an additive product with hydrogen 
sulphide, when treated in the manner described by Wallach for 
carvone (Annalen, 1899, 305, 224). 


We have pleasure in acknowledging our indebtedness to the 
McCaughey Research Fund of the University of Sydney for a grant 
in aid of these researches, which are being continued. 
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CCXXVI.—Harmine and Harmaline. Part VI. The 
Synthesis of N-Methyltetrahydronorharmine and the 
Constitution of Harmaline and of the Alkylated 
Harmines. 


By Witu1am Oeitvy Kermack, WILLIAM Henry PERKIN, and 
RoBERT ROBINSON. 


It has been clearly shown in the earlier sections of this investiga- 
tion * that the analytic evidence which may be brought to bear on 
the problem of the constitution of harmine indicates that this 
alkaloid should be represented by the expression I, and the 
correctness of this view has been confirmed by the syntheses of 
norharman (II) and of harman (III), which may be derived from 
the base by simple processes of degradation. 
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* Part I, T., 1912, 101, 1775; Part Il, T., 1913, 108, 1973; Part Il, 
T., 1919, 115, 933; Part IV, T., 1919, 115, 967; Part V, T., 1921, 119, 1602. 
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In the present communication, we are able to describe the 
synthesis of derivatives containing the methoxy-group, the 
establishment of the position of which by such means removes 
any possible remaining doubt of the accuracy of the formula which 
has been put forward as a summary of the reactions of harmine. 
In order to enabie a comparison to be made with the harmine and 
harman formule, it may be stated at once that the substance which 
we have synthesised is N-methyltetrahydronorharmine (IV), 
which may be prepared from either harmine or harmaline by methods 
detailed in the sequel. 

The trinuclear system has been built up by taking advantage of 
the process developed in connexion with the synthesis of norharman 
(Part V). Essentially this consists in the ring closure of an acetalyl- 
amide of an indole-2-carboxylic acid under the influence of alcoholic 
hydrochloric acid. The complication which arises from the fact 
that the elimination of the elements of two molecules of alcohol can 
occur in two directions is illustrated in the following examples 
already described in Part V (pp. 1607, 1611). 
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Ketomethyldihydrocarboline. 


We were thus able to prepare 1-methylcarboline derivatives, and V, 
mn distillation over zinc dust, was converted inte norharman. 
The yield was, however, poor and the purification difficult, and we 
vere very reluctant to contemplate the necessity for the employ- 
nent of such a method in the synthesis of harmine or norharmine. 
Yoreover, there are grave disadvantages attaching to the application 
if the zine dust distillation process to methoxy-compounds, and a 
VOL, CXXI. 3T 
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good instance of the anomalous results which may be anticipated 
is furnished by the work of Irvine and Moodie (T., 1907, 91, 536) on 
the nature of the substances obtained by distilling o-dimethoxy. 
benzoin over zine in a stream of hydrogen. In this reduction the 
main product was p-dimethyltolane. In any case it appeared to 
us that considerable difficulty must be experienced in removing 
the alkyl group attached to the pyrrole-nitrogen atom, and we 
therefore attempted the preparation of carboline derivatives from 
indole-2-carboxyacetalylamides which contain an unsubstituted 
imino-group in the indole nucleus. The fact that the reactions 
leading to the indolediazine and carboline types both occurred with 
facility was encouraging, and our expectation that the balance 
between the ring closure in the two directions might be a somewhat 
delicate one was strikingly confirmed by the first modification 
attempted. Whereas indole-2-carboxyacetalylamide gives, as 
depicted above, an indolediazine, indole-2-carboxydimethylacetalyl- 
methylamide (VI) yiclds a ketomethyldihydrocarboline (VII) on 


treatment with alcoholic hydrochloric acid. 
(MeO),CH 
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It is very remarkable that such a small constitutional change 
should so completely alter the course of the reaction and it is 
difficult to suggest a satisfactory explanation. On distillation over 
zine dust in a stream of hydrogen, the new ketomethyldihydro- 
carboline yields indole and a small amount of norharman. The 
conversion of 6-methoxyindole-2-carboxyacetalylamide (VIII) 
nto the indolediazine derivative (IX) has already been described 
(Part V, p. 1613), and it was of great interest to determine whether 
in this series also a carboline would result if the amide nitrogen 
is alkylated. 
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We accordingly prepared 6-methoxyindole-2-carboxydimethy]- 
acetalylmethylamide (X) and studied its behaviour towards alcoholic 
hydrochloric acid. In this case, two substances, C,3H,,0,N,, 


were 
carb 
melt 
the 

indo 


Met 


pated 
36) on 
hoxy. 
nN the 
ed to 
oving 
d we 
from 
tuted 
tions 
with 
lance 
what 
ation 

ag 
alyl. 
) on 


HARMINE AND HARMALINE. PART VI. 1875 


were isolated and comparison with undoubted indolediazines and 
carbolines showed beyond question that, of these, the substance 
melting at 246° is methoxyketomethyldihydrocarboline (XI) and 
the isomeride melting at 205° is methoxyketomethyldihydro- 
indolediazine (X11). 


J i 
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Pi NH CO (XI) 
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The influence of the methyl attached to the amidic nitrogen is thus 
again observed, but a comparison with the former example indicates 
that the methoxyl group has tended to favour the formation of the 
indolediazine derivative. This is probably equivalent to the state- 
ment that the methoxyl group has activated the hydrogen in 
position 1 in the indole nuclers to a greater extent than that in 
position 3. The following scueme illustrates the effect of the 
negative oxygen atom on the hydrogen atoms in question, and the 
results observed are seen to be in agreement with the theory of 
alternate polarity of atoms in a chain. 


. CH- 
LY So 

++ ™ 
a 

;  NH+ 
Plainly, methoxyl in position 8 should have a similar effect and 
facilitate indolediazine formation, whilst it might be predicted 
that carboline derivatives should be the main products when the 
methoxyl is in position 5 or 7. 

11-Methoxy-3-keto-4-methyl-3 : 4-dihydro-4-carboline (XI) yields 

on reduction with sodium in boiling n-butyl alcoholic solution a 
base, C,,H,,ON,, which, since it may be obtained by applying the 
same reduction process to norharmine methosulphate (XIII), must 
be regarded as N-methyltetrahydronorharmine (XIV). The 
identity of the substance prepared by these two methods is a 
satisfactory proof of the position of the methoxyl group in the 


molecules of the bases of Peganum harmala. 
3T 2 
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The Constitution of Harmaline. 

In Part IIT of this research there was described a neutral substance, 
Ci3H,,O.N,, m. p. 228°, which results from the oxidation of 
harmaline methosulphate by means of potassium permanganate in 
acetone solution, and it was pointed out that, if harmaline has the 
constitution XV, this substance will be represented by the expression 
XVI, whilst if the alternative formula X VII be taken for harmaline, 
the substance, m. p. 228°, must be represented by formula 
XVIII. 
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Since, however, the substance, m. p. 228°, yields, on reduction 
with sodium and n-butyl alcohol, N-methyltetrahydronorharmine 
identical with the base obtained as described above, there is no 
longer any ambiguity, and the oxidation product of harmaline 
methosulphate must have the constitution symbolised in XVI. 
Consequently harmaline is represented by the expression XV. 
Synthetically prepared N-methyltetrahydronorharmine has been 
oxidised , by potassium permanganate in acetone solution with 


* The bracket employed in this formula and in similar expressions indicates 
the salt-like constitution of the substance which is thus symbolised in harmony 
with Werner’s conception of the nature of ammonium and other onium com- 
plexes. It is now recognised on all hands that the ionisable bonds (electro- 
valencies) in salts differ so much, not perhaps in kind but in degree, from 
the valencies (co-valencies) which occur in typical carbon compounds as to 
demand a distinctive notation. It may be recalled that the experimental 
proof of Werner’s theory has been furnished by Meisenheimer (Annalen, 
1913, 397, 273). The plan of using the bracket is not only theoretically 
sound, but also convenient, as it would be an embarrassment to be forced 
to decide to which of the nitrogen atoms the chlorine is attached in such 
substances as methylpropylharmine chloride (formule XXII and XXIII). 
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formation of the substance melting at 228°, and this observation 
is of value inasmuch as it renders possible the proof of identity of 
asynthetic compound with one prepared from harmaline. 


The Constitution of Alkylated Harmine Derivatives. 

It has already been suggested (Part III, p. 942) that the salt- 
forming nitrogen atom in the harmine derivatives is that which is 
situated in the pyridine nucleus, and the formula XIX was assigned 
to methylharmine. On a similar assumption, norharman metho- 
sulphate would be represented by the ae XX. 


i 
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% far as the position of the methyl group is concerned, this 
hypothesis now receives definite experimental proof, since we have 
found that norharman methosulphate, on oxidation with potassium 
ferricyanide in alkaline solution, yields the ketomethyldihydro- 
carboline (VII), the synthesis of which is mentioned above. The 
further alkylation of methylharmine should, on the basis of our views, 
occur at the indole-nitrogen atom and dimethylharmine chloride 
should be constituted as shown in formula XXI. In order to 
obtain evidence in support of this theory, we have prepared isomeric 
methylpropylharmine chlorides by introducing the alkyl groups 
ina different order. The action of methyl iodide on propylharmine 
followed by conversion to the chloride by means of silver chloride 
yields the salt XXII, which closely resembles, but is not identical 
with, the isomeride (XXIII) prepared from methylharmine and 
propyl iodide followed by treatment of the product with silver 
chloride. 


F 
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Before we were acquainted with the remarkable effect of the 
substitution of methyl for hydrogen in the —CO—NH— group of 
indole-2-carboxyacetalylamides on the direction of closing the 
ting, it seemed that dimethylharmine chloride was a very suitable 
object of a synthetical investigation, and a plan of attack was 
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formulated in Part V (p. 1613). The necessary starting point, 
namely, 6-methoxy-1-methylindole-2-carboxylic acid (XXVI), has 
been prepared, but, in view of the interesting developments set 
out above which have enabled our goal to be reached in another 
way, the further stages of the synthesis have not yet been attempted, 
m-Anisidine was methylated by means of methy] iodide, and the 
crude methyl-m-anisidine directly converted into a nitroso-derivative, 
which was reduced to m-methoxyphenylmethylhydrazine (X XTV) by 
means of zinc dust in glacial acetic acid solution below 10°. This was 
readily converted into pyruvic acid m-methoxyphenylmethy\- 
hydrazone (X XV), but no little difficulty was experienced in inducing 
the indole transformation until it was found that the reaction pro- 
ceeded smoothly when the hydrazine was dissolved in saturated 
alcoholic hydrochloric acid. 
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(XXIV.) (XXV.) (XXVI.) 
That the indole ring is closed in the p-position to the methoxyl 
group is rendered very probable by a consideration of the behaviour 
of hydrazones derived from m-methoxyphenylhydrazine, which we 
have already proved yield 6-methoxyindole derivatives (Part V, 
p. 1614). 

We have already shown (Part V, p. 1617) that harman (ITI) may 
be obtained from tryptophan by condensation with acetaldehyde 
followed by oxidation of the product, and it is obvious that if 
methoxytryptophan (X XVII) could be obtained it should be con- 
verted into harmine in a similar manner. Some progress has been 
made in this direction and the indications that this synthesis is 
possible are unmistakable (see p. 1884), but the experimental work 
involved is very tedious and consumes so much time, labour, and 
expensive material that the investigation has not yet been brought 
toaconclusion. The starting point was 6-methoxyindole (XXVIII), 
which was prepared from 6-methoxyindole-2-carboxylic acid 
(X XIX) by a ee of the method already described (Part V, 
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vative, 


j.aldehyde (XXX) and 3-chloro-7-methoxyquinoline (XXXI) by 


[V) by B the action of chloroform and potassium hydroxide in aqueous 
us Was H alcoholic solution. This interesting aldehyde was then condensed 
ethyl. § vith hippuric acid in presence of dry sodium acetate and acetic 
lucing anhydride, and the lactone (XXXII) thus produced at once 


n pro- 
rated 


hydrolysed by means of aqueous sodium hydroxide with formation 
of «-benzoylamino-8-[6-methoxyindyl(3)]-acrylic acid (XXXII). 
Qn reduction, hydrolysis, condensation with acetaldehyde, and 
oxidation, a minute amount of a base which is probably harmine 
was isolated, but the quantity obtained was insufficient to establish 
this important result with certainty (p. 1884). An account of the 
behaviour of some of the substances now described on treatment 
with magnesium methyl iodide is reserved for a future communica- 
tion. It may be mentioned here, however, that 3-chloro-1-methyl- 


0,H 


hoxy! 


viour 
h we § ¢carboline (XXXIV), which may be prepared under closely defined 
t V, conditions from 3-keto-1-methyl-3 : 4-dihydro-4-carboline (V) by 


the action of phosphorus pentachloride and phosphoryl chloride, 
does not appear to react with the Grignard reagent. 


may 
hyde 
at if 
con- 
been 
is is 
york 
and 
ight 
TI), 
cid 
iV, 


EXPERIMENTAL. 


6-Methoxyindole (Formula XXVIII). 

It was mentioned in Part V of this research (p. 1632) that some 
§-methoxyindole had been obtained by the action of heat on 6- 
methoxyindole-2-carboxylic acid, but the yield was small and we 
have since found that the following modification, which consists in 
decomposing the ammonium salt in the place of the free acid, gives 
much better results. The dry ammonium salt of the acid (loc. cit., 
p. 1632), in quantities of 5 grams, contained in a boiling-tube fitted 
with a spiral glass condenser to the end of which a test-tube is 
attached, is gradually heated with a small flame. The salt melts 
and effervesces and when decomposition is complete any sublimate 
of methoxyindole and ammonium carbonate is washed into the 
hoiling tube with a little hot water, alcohol is added, and the whole 
heated to boiling, when all dissolves except a small quantity of a 
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black tar. The liquid is decanted and, on cooling, deposits crude 
6-methoxyindole (88 per cent. of theory), which is collected, dried 
in a vacuum desiccator, and crystallised from light petroleum, from 
which it separates in plates melting at 91—92°. The yield of pure 
substance is about 55 per cent. of that theoretically possible. 

The picrate separated in red needles when solutions of the indole 
and picric acid in benzene were mixed and was purified for analysis 
by recrystallisation from benzene containing a little light petroleum, 
from which the derivative separated in brilliant red needles melting 
at 137° [Found: N= 150. C,H,ON,C,H,(OH)(NO,)3 requires 
N = 14°9 per cent.]. 


6-Methoxy-1-methylindole-2-carboxylic Acid (Formula XXYVI). 

The interest attaching to this acid is discussed in the introduction 
to the present communication (p. 1877; compare also Part V, 
p. 1613) and the method of synthesis is also sketched. The experi- 
mental details of the various stages in the synthesis are as follows : 

I. Preparation of Methyl-m-anisidine, MeO-C,H,-NHMe.—In 
preparing this substance, m-anisidine (30°8 grams), contained in a 
flask connected with a reflux condenser, was mixed in the cold with 
methyl iodide (39 grams), when the temperature gradually rose and 
in a short time a vigorous reaction set in. When this had subsided, 
the semi-solid mass was heated on the steam-bath for several hours, 
mixed with water and dilute sodium hydroxide, and extracted with 
ether. The ethereal solution, dried over potassium carbonate, 
was evaporated and the residue fractionated under reduced pressure, 
when 32°3 grams distilled at 133—135°/12 mm. as a colourless 
liquid which doubtless consisted of methyl-m-anisidine mixed with 
unchanged m-anisidine and some of the dimethyl derivative. 

This oil (7-2 grams) was added to a mixture of ice (20 grams) and 
concentrated hydrochloric acid (8 c.c.), and sodium nitrite (4 grams) 
dissolved in water (12 c.c.) run in drop by drop during half an 
hour, the whole being well cooled all the time. The product, which 
should just react with starch—potassium iodide paper, was extracted 
three times with ether, the ethereal solution dried over calcium 
chloride and evaporated in a weighed flask, when 4 grams of crude 
nitrosomethyl-m-anisidine remained as a dark syrup. 

II. m-Methoxyphenylmethylhydrazine, MeO-C,H,-NMe-NH,.— 
This substance was prepared by slowly adding the solution of crude 
nitrosomethyl-m-anisidine (4 grams) in glacial acetic acid (8 c.c.) 
to a well-stirred mixture of zinc dust (16 grams) and water (28 c.c.), 
the temperature being kept below 10°. The product was kept 
over-night, again well stirred, and heated on the steam-bath for a 
few minutes, filtered, the filtrate made alkaline with sodium 
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hydroxide and extracted several times with ether. This extract, 
ys well as the washings of the zinc dust with ether, was dried over 

tassium carbonate and the ether distilled off, when crude m- 
nethoxyphenylmethylhydrazine (3 grams) remained as a pale 
brown syrup and was sufficiently pure for the next step. 

Ill. Pyruvic Acid m-Methoxyphenylmethylhydrazone (Formula 
XXV) and (6 ?)-Methoxy-1-methylindole-2-carboxylic Acid (Formula 
XXVI).—When crude m-methoxyphenylmethylhydrazine (3 grams) 
was dissolved in acetic acid (30 c.c. of 15 per cent.) and then pyruvic 
acid (4 grams) added, a yellow oil separated, which, on standing 
and rubbing, solidified. After remaining over-night, the crystalline 
mass was collected, dried in a vacuum, and crystallised from light 
petroleum, from which pyruvic acid m-methoxyphenylmethylhydrazone 


). separated in lemon-yellow needles melting at 66° (Found : C = 59°7; 
tion I y= 65. C,,H,,0,;N, requires C = 595; H=63 per cent.). 
V, This hydrazone dissolves in sodium carbonate to a deep orange 
etl F solution and on acidifying with hydrochloric acid, the colour changes 
WS: Bt to yellow and then rapidly fades owing no doubt to hydrolysis. 
—In After a number of experiments on the action of aqueous hydro- 
a § chloric acid under different conditions on this hydrazone, during 
vith 9 which varying quantities of (6?%)-methoxy-1-methylindole-2- 
and carboxylic acid, mixed generally with a red amorphous substance 
led, completely soluble in glacial acetic acid, were isolated, the following 
pe satisfactory process for the preparation of this acid was developed. 
ith Ff the m-methoxyphenylmethylhydrazone of pyruvic acid was added 
ite, TF to about ten times its weight of a saturated alcoholic solution of 
Te, Ff hydrogen chloride, when it quickly dissolved to a pale red solution 
€Ss_ J and in a minute or two, crystals commenced to separate and the 
ith temperature rose considerably. After an hour, the crystals were 
collected, washed with alcohol, then with water, again with alcohol, 
nd Ff and dried in a vacuum desiccator. The acid is sparingly soluble in 
8) Ff alcohol and separates in small, stout needles with pointed ends 
" (Found: C= 645; H=5°5. C,,H,,0,N requires C = 64:4; 
. H = 5:4 per cent.). (6 ?)-Methoxy-1-methylindole-2-carborylic acid 
od decomposes at about 235° with evolution of gas. It gives, in alcoholic 
. solution with p-dimethylaminobenzaldehyde and hydrochloric acid, 
P a purple solution which fades on boiling. A small quantity of the 
acid was cautiously heated until decomposition was complete, and 
e the residue dissolved in boiling water ; the filtered solution deposited, 


on cooling, an oil which is evidently the corresponding methoxy- 
methylindole. In aqueous solution this substance gives with 
p-dimethylaminobenzaldehyde and hydrochloric acid (Ehrlich’s 
reagent) * a red coloration which becomes intense on the addition 


* This reagent was made by adding concentrated hydrochloric acid (20 c.c.) 


to the solution of p-dimethylaminobenzaldehyde (1 gram) in alcohol (119 c.c.). 
3 T* 
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of sodium nitrite and shows a strong absorption band in the yellow 
end of the green. With a pine shaving, a purple reaction is obtained, 
The addition of a solution of picric acid in benzene to the solution 
of methoxymethylindole in the same solvent, causes a well-defined 
picrate to separate in red-brown needles which melt at 123°. 


6-Methoxyindole-3-aldehyde (Formula XXX) and 3-Chloro- 
7-methoxyquinoline (Formula XXX1). 

These substances were obtained from 6-methoxyindole by treat. 
ment with chloroform and potassium hydroxide substantially under 
the conditions recommended by Ellinger (Ber., 1906, 39, 2520) for 
the preparat’on of indole-3-aldehyde and 3-chloroquinoline from 
indole. In « flask attached to a reflux condenser and fitted with a 
stirrer and dropping funnel, 6-methoxyindole (10 grams) is mixed 
with alcohol (100 c.c. of 96 per cent.), water (20 c.c.), and chloroform 
(36 c.c.), and the whole heated on the steam-bath just to boiling. 
Potassium hydroxide (25 grams), dissolved in water (25 c.c.) and 
made up to 250 c.c. with alcohol (96 per cent.), is dropped in con- 
tinuously during two and a half hours, the whole being very vigor. 
ously stirred. The product is boiled for half an hour, the alcohol 
and chloroform are distilled off, and the residue is distilled in steam 
until the distillate gives hardly any coloration on the addition of 
dilute nitric acid and sodium nitrite. The hot liquid in the flask 
is quickly filtered and allowed to cool over-night, when 6-methozy- 
indole-3-aldehyde (0°8 gram) separates in brown needles and, after 
recrystallisation from water with the aid of animal charcoal, the 
aldehyde is obtained in almost colourless needles (Found : C =68°3; 
H=51; N=80. C,jH,ON requires C= 685; H=5'; 
N = 80 per cent.). 6-Methoxyindole-3-aldehyde melts at 185° 
and gives with sulphuric acid a red coloration due probably to the 
formation of a dyestuff similar to that observed by Ellinger to be 
formed under the same conditions from indole-3-aldehyde. 

3-Chloro-7-methoxyquinoline—This interesting substance passes 
over along with unchanged methoxyindole when the product of the 
action of chloroform and potassium hydroxide on the latter is 
distilled in steam as described above. The distillate, which may 
amount to several litres, is extracted four times with ether, the 
ethereal solution thoroughly shaken with several small quantities 
of dilute hydrochloric acid (20 per cent.), dried, and evaporated, 
when 6-methoxyindole (about 7 grams) remains in an almost pure 
condition. The acid extract is made alkaline with sodium hydroxide, 
and air passed to remove the dissolved ether, when needles of the 
chloromethoxyquinoline soon commence to separate. After some 
hours, the needles (1 gram) are collected, washed, and recrystallised 
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fom a large amount of boiling water (Found: N = 7:5; Cl = 18°1. 
(gHgONCI requires N = 7:2; Cl = 18°3 per cent.). 
3.Chloro-7-methoxyquinoline melts at 91°, has a curious odour 
wmewhat resembling that of anethole, and is readily soluble in 
jilute acids. The solution in dilute sulphuric acid, but not in 
hydrochloric acid, has a strong blue fluorescence, and the addition 


Yellow 
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olution 
Jefined 


‘os if hydrochloric acid to the sulphuric acid solution destroys this 
fluorescence. 
treat: § The chlorine atom is very firmly fixed, since, after heating with 
under # «oncentrated aqueous ammonia in a sealed tube at 100° for five 
. for B hours, the substance is recovered unchanged. 
rom 
vith a a-Benzoylamino-8-[6-methoxyindyl(3)]-acrylic Acid 
nixed (Formula XX XIII). 
form The anhydride of this substance is obtained when 6-methoxy- 
iling. § indole-3-aldehyde is condensed with hippuric acid (compare Ellinger 
) and f and Flamand, Ber., 1907, 40, 3031). The aldehyde (1 gram), 
Con- § hippuric acid (1-4 grams), and freshly fused sodium acetate (0°55 
1gor- Bf cram) are finely ground, mixed with freshly distilled acetic anhydride 
-ohol 25 c.c.), and heated in a test-tube in a boiling-water bath for 
team ff fifteen minutes with occasional stirring, care being taken to exclude 
n of B moisture. The mixture becomes liquid and dark red and, after 
Hask cooling, the viscous mass is rubbed with warm water and then 
0xY- B \oiled with water (200 c.c.) and filtered hot; the brittle residue is 
ifter again ground and extracted with boiling water (100 c.c.). The 
| the ff residual crude az-lactone was not recrystallised, but at once hydro- 
83; lused by boiling the finely divided substance with sodium hydroxide 
51; § (100 c.c. of 1 per cent.) until the odour of ammonia could not be 
[85° Ff detected. After the addition of dilute hydrochloric acid until the 
the § reaction was just acid to Congo-paper, and standing over-night, 
» be FF the precipitate was collected and recrystallised from dilute alcohol, 
from which it separated in brown-yellow needles. Analysis showed 
ses B that this substance is benzoylamino(methoxyindyl)acrylic acid 
the (Found: C = 673; H=4'8. C,,H,,0,N, requires C = 67°8; 
‘18 | H=4-8 per cent.). This substance softens at 215°, melts with 
1aY § decomposition at 230°, and is insoluble in water, but readily so in 
the alcohol ; it dissolves in acetic anhydride, and on boiling a red colour 
* develops presumably due to regeneration of the az-lactone. 
ed, 


This acid was reduced in aqueous solution by means of a large 
excess of sodium amalgam, and the strongly alkaline solution then 
boiled for ten minutes. The liquid was acidified with dilute 
sulphuric acid, and a little acetaldehyde added while still hot. This 
resulted in the formation of a cloud, and condensation obviously 
occurred. Excess of 5 per cent. potassium dichromate was then 
37 *2 
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added and the solution boiled and rendered strongly alkaline. The 
base, if any, was extracted by means of ethyl acetate, and the 
separated ethyl acetate solution washed with dilute hydrochloric 
acid. This solution exhibited a blue fluorescence, but nothing #, 
could be isolated from it. A more definite result was obtained by 
reducing the acid in acetic acid solution by shaking with hydrogen 
after the addition of palladious chloride and gum arabic. After 
boiling and cooling, the solution was diluted, filtered, and evaporated 
to dryness in a vacuum. Alcoholic barium hydroxide was added 
and the solution boiled during an hour, then diluted, rendered just 
acid with sulphuric acid, and two drops of acetaldehyde added. 
After heating on the steam-bath for about thirty seconds, a large 
excess of 5 per cent. potassium dichromate was added and the 
solution boiled. Sodium hydroxide in excess was then added and 
the mixture extracted with much ethyl acetate. The filtered 
extract was shaken with dilute hydrochloric acid, and the strongly 
fluorescent aqueous solution evaporated to a small bulk. On 
rendering alkaline, there was a small precipitate, and this was 
collected and dissolved in methyl alcohol. The solution was con- 
centrated and deposited, on cooling, a minute amount of needle 
crystals resembling harmine in appearance. These melted at 
220—230° and were obviously impure, but mixed with harmine, 


the melting point was raised to 225—245°. Pure harmine melts at 
257°, and it is unfortunate that the amount of base obtained in this 
experiment did not admit of repeated crystallisation. We have no 
doubt that this substance consisted of impure harmine, and the 
fluorescence in acid solution was identical with that exhibited by 
harmine salts. 


3-Chloro-1-methyl-4-carboline (Formula XXXIV). 

This substance is obtained when 3-keto-1-methyl-3 : 4-dihydro- 
4-carboline (m. p. 242°; compare Part V, p. 1638) is treated with 
phosphorus oxychloride and pentachloride. Unless special con- 
ditions are observed, the yield is poor, and experience has shown 
that the essential points to be observed are that the phosphorus 
pentachloride is pure and dry, that the oxychloride is distilled 
immediately before use, and the carboline should be as pure as 
possible. It is also important that excess of pentachloride should 
be avoided. The carboline (0°5 gram) * is mixed in a tube with 
the oxychloride (6 grams) and then the pentachloride (1 gram) 


* A peculiar characteristic of this substance may be mentioned. It is 
almost insoluble in water and very sparingly soluble in absolute alcohol, but 
it dissolves much more readily in alcohol containing water. It separates 
from water or alcohol in long needles, but from a mixture of alcohol and 
water in glistening plates. 
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ided. The whole is well stirred, the tube sealed, and heated in 
ihe boiling-water bath for six hours. The contents of the tube are 
sured on to ice and after the oxychloride has been completely 
jeomposed, the solid is collected, washed with dilute ammonia, 
)Biried, and recrystallised from light petroleum (b. p. 80—100°) 
wntaining some benzene, from which the substance separates in 
wlourless needles (Found: C=662; H=41. C,,H,N,Cl 
requires C = 66°6; H = 4:1 per cent.). 

3.Chloro-1-methyl-4-carboline melts at 110°, and is feebly basic, 
ince it yields with concentrated hydrochloric acid a rather sparingly 
wluble, yellow hydrochloride, which is dissociated by water. The 
iid solutions do not fluoresce. When the solution in benzene is 
nixed with a solution of picric acid in the same solvent, a yellow, 
aystalline picrate separates which melts at 213°. Attempts were 
nade to convert this substance into methyl harman by the action 
if magnesium methyl iodide in boiling isoamyl ether solution, but 
the only product isolated was keto-1-methyldihydro-4-carboline 
(m. p. 242°). There is no doubt that a little methylharman is 
produced, as the acid washings of the isoamyl ethereal solution, 
obtained on adding water to the reaction mixture, exhibited violet 
fuorescence. The actual amount of the base must, however, be 
very small. 


Action of Methylamine on Bromodimethylacetal. Formation of 
Methylaminodimethylacetal, NHMe-CH,*CH(OMe),, and Methyl- 
aminobisdimethylacetal, NMe[CH,*CH(OMe),]p. 

The researches of Freundler and Ledru (Compt. rend., 1905, 
140,794; Bull. Soc. chim., 1907, [iv], 1, 71) on the action of alcohols 
on the product of the bromination of paraldehyde have rendered the 
bromoacetals, and indirectly the aminoacetals, readily accessible 
substances. Thus, for example, methylaminodimethylacetal results 
from the action of methylamine on bromodimethylacetal, and as 
this substance does not appear to have been described and we 
required it in considerable quantity for the present investigation, 
we have worked out the following method for its preparation. 
Bromodimethylacetal (150 grams) is mixed with methyl alcohol 
(400 c.c.) in which the methylamine obtained by heating 500 grams 
of the pure hydrochloride with concentrated aqueous potassium 
hydroxide has been absorbed, and the whole heated in an autoclave 
at 140° for twelve hours. The methyl alcohol and excess of methy]l- 
amine are distilled off under 200 mm. pressure and used in a subse- 
quent preparation, an equal volume of water is added to the syrupy 
residue, and the solution, which contains no unchanged bromo- 
dimethylacetal, is mixed with a large excess of anhydrous potassium 
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carbonate and extracted four times with much ether. The ethereg] 
solution, thoroughly dried over potassium carbonate, is evaporated 
and the residue (85 grams) quickly distilled under 10 mm. pressure. 
all below 100° being collected (the residue [A] is described below) | 

On fractionating the distillate at the ordinary pressure, methy). 
aminodimethylacetal is readily obtained pure as a limpid oil which 
has an odour resembling, but more pungent than, that of amino. 
acetal, and distils at 140°/760 mm. (Found: N = 11-9. C;H,,0,N 
requires N.= 11-8 per cent.). 

The fraction of higher b. p. (A) was collected from several experi- 
ments and fractionated under reduced pressure, when the main 
portion distilled at 100—105°/10 mm. as a rather viscid, colourless 
oil and evidently consisted of methylaminobisdimethylacetal (Found : 
N = 6-9. C,H,,0,N requires N = 6-7 per cent.). 

Aminodimethylacetal, NH,*CH,-CH(OMe), (b. p. 135°/755 mm.) 
and aminobisdimethylacetal, NH[CH,*CH(OMe),], (b. p. 163°, 
84 mm.) are readily obtained by heating bromodimethylacetal 
(150 grams) in an autoclave with alcohol (500 c.c.) which has been 
saturated with ammonia at 0° for ten hours. In working up the 
product, care must be taken to saturate thoroughly the residue, 
after distilling off the alcohol and ammonia, with potassium carbonate 
and to extract several times with much ether, otherwise much of the 


aminodimethylacetal may be lost. As these aminodimethylacetals 
are somewhat volatile in ether vapour, the ether used for extractions 
should be employed in subsequent preparations. 


3-Keto-4-methyl-3 : 4-dihydro-4-carboline (Formula VII).* 

In the preparation of this substance from indole-2-carboxylic 
acid, the chloride of the acid was first made by the action of 
phosphorus pentachlorine on the suspension of the acid in acety! 
chloride, and the solution of the acid chloride in chloroform then 
treated with methylaminodimethylacetal, NHMe-CH,*CH(OMe), 
(compare Part V, p. 1626). After the chloroform had been removed 
by evaporation, water was added, when an oil separated which soon 
crystallised. The solid was collected, dried on porous porcelain 
in a vacuum desiccator, and recrystallised twice from a mixture of 
benzene and light petroleum, from which colourless needles of 
indole-2-carboxydimethylacetalylmethylamide separated ; these melted 
at 104° (Found: C = 643; H=70; N= 10-6. C,,H,,0;N, 
requires C = 64:1; H = 6-9; N = 10-7 per cent.). In order to 
close the ring, this substance was added to a saturated alcoholic 

* In strict accordance with the nomenclature suggested in Part IV (p. 970) 
for carboline derivatives, the substance described in Part V (p. 1638) as 
2-keto-1-methyl-2 : 3-dihydro-4-carboline should have been named 3-keto- 
l-methyl-3 : 4-dihydro-4-carboline. 
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solution of hydrogen chloride at 40°, when a clear solution resulted, 
from which, especially if seeded, crystals of the hydrochloride of 
ketomethyldihydrocarboline soon began to separate. On the 
addition of water, a white precipitate was produced, which was 
collected, washed with water, then with dilute ammonia, and dried ; 
in this condition the substance melts at about 240—255° and yields 
a green colour with Ehrlich’s reagent (p. 1881) which deepens on 
heating and becomes almost colourless on cooling. After twice 
erystallising from alcohol, the long, white needles melt at 263° and 
no longer give this reaction (Found : C = 64:3; H = 7-0; N =10-6. 
C,4H,,0,N, requires C = 64:1; H = 6-9; N = 10-7 per cent.). 

3-Keto-4-methyl-3 : 4-dihydro-4-carboline combines with hydro- 
chloric acid to yield a colourless hydrochloride, the solution of which 
exhibits a faint though perfectly distinct fluorescence. A trace of 
the substance, heated with zinc dust in a narrow test-tube, gives a 
sublimate, the solution of which in dilute hydrochloric acid exhibits 
a marked blue fluorescence. These properties indicate that ring 
formation in the case of indole-2-carboxydimethylacetalylmethy]- 
amide has resulted in the formation of the carboline and not of 
5-keto-4 : 5-dihydroindolediazine(1 : 4) (compare p. 1874, and also 
Part V, p. 1627). It is of considerable interest (see p. 1877) that 
this substance may be prepared from norharman (Part V, p. 1619) 
in the following manner. Norharman (0-5 gram), dissolved in 
boiling benzene (10 c.c.), was converted into its methosulphate by 
the addition of dry methyl sulphate (1 c.c.) by boiling the solution 
during an hour. The derivative separated in a crystalline condition 
and the benzene was decanted. The residue was then dissolved 
in water (50 c.c.), rendered just alkaline by the addition of potassium 
hydroxide and heated on the steam-bath. A solution of potassium 
ferricyanide was then cautiously added until ferricyanide remained 
in excess. A colourless substance separated in needles and, after 
cooling, this was collected and crystallised from alcohoi. It was 
obtained in slender needles melting at 263° alone or mixed with 
synthetical 3-keto-4-methyl-3 : 4-dihydro-4-carboline obtained as 
described above. 

On distillation over a large excess of zinc dust in a stream of 
hydrogen, a crystalline distillate was obtained. This consisted 
chiefly of indole, but was found to contain a little norharman. The 
product was extracted with dilute acid and the picrate prepared. 
After several crystallisations, a minute amount of material, crystal- 
lising from hot water in woolly yellow needles, decomposing at 
260°, was obtained. The substance thus appeared to be identical 
with norharman picrate, and it should also be noted that the acid 
solution of the base exhibited intense blue fluorescence. 
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3-Methylindole-2-carboxydimethylacetalylmethylamide and 5-Kelo. 
4: 7-dimethyl-4 : 5-dihydroindolediazine(1 : 4), 


Me 


~ CO 
( i ¥ — 
\CO-NMe:CH,:CH(OMe), ’ 
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3-Methylindole-2-carboxylic acid (scatole-2-carboxylic acid (see 
Part V, p. 1634) was converted into the acid chloride by means 
of phosphorus pentachloride and acetyl chloride, and this, dis. 
solved in chloroform, treated with methylaminodimethylacetal 
(compare Part V, p. 1626). On adding water, an oil separated 
which, especially when vigorously rubbed, gradually solidified. 
This crude 3-methylindole-2-carboxydimethylacetalylmethylamide was 
collected, dried on porous porcelain, and crystallised first from a 
mixture of benzene and light petroleum and then from light 
petroleum alone, from which it separated in small, flat plates which 
melt at 87—88° and are readily soluble in most of the usual organic 
solvents (Found: C= 65-2; H=:7:2; N= 10-0. C,;H50,N, 
requires C = 65-2; H = 7-2; N = 10-1 per cent.). 

When this substance was added to a saturated alcoholic solution 
of hydrogen chloride at 40°, it dissolved and yellow crystals soon 
commenced to separate which, after some hours, were collected and 
recrystallised first from alcohol containing a little ammonia and 
then from alcohol alone, from which 5-keto-4 : 7-dimethyl-4 : 5- 
dihydroindolediazine(1 : 4) separated in long, flat needles melting 
at 159° (Found: C=7346; H=5-7; N= 13-2. C,,H,,0N, 
requires C = 73-7; H = 5-7; N = 13-2 per cent.). 

In appearance and properties, this substance closely resembles 
7-methyl-4 : 5-dihydroindolediazine(1:4) (see Part V, p. 1635). 
Concentrated hydrochloric acid converts it into a yellow crystalline 
hydrochloride, which is somewhat soluble in hydrochloric acid to a 
yellow solution exhibiting no fluorescence, although the neutral or 
alkaline solutions of the base have a slight blue fluorescence. 

On distillation with zinc dust, it develops an odour resembling 
that of indole and yields a yellow base which has not been further 
investigated ; in this respect it behaves very much like 5-keto-4 : 5- 
dihydroindolediazine(1 :4), which in these circumstances yields 
indole and an orange base (Part V, p. 1628). On boiling with 
Ehrlich’s reagent (p. 1881), a bluish-green coloration is obtained 
which almost disappears on cooling, and on warming with vanillin 
and concentrated hydrochloric acid, a deep purple colour rapidly 
develops and remains on dilution with water, but is almost dis- 
charged on rendering alkaline. 


oe a a ee a | 


HARMINE AND HARMALINE. PART VI. 1889 


§-Methoxyindole-2-carboxydimethylacetalylmethylamide (Formula X), 
11-Methoxy-3-keto-4-methyl-3 : 4-dihydro-4-carboline (Formula 
XI), and = 11-Methoxy-5-keto-4-methyl-4 : 5-dihydroindoledi- 
azine(1 : 4) (Formula XII). 

This series of substances, which represent the closing simultane- 
ously of the carboline and indolediazine rings (p. 1875), were obtained 
under the following conditions. 

6-Methoxyindole-2-carboxylic acid was first converted into the 
acid chloride, and this combined with methylaminodimethylacetal in 
chloroform solution in the usual manner (compare Part V, p. 1626). 

After distilling off the chloroform and adding water to the residue, 
6-methoxyindole-2-carboxydimethylacetalylmethylamide separated at 
once in good yield and in an almost pure condition, since the melting 
point was 127°. It crystallised readily from light petroleum in 
colourless needles, the melting point rising to 129° (Found : C = 61-6; 
H=69; N=9-5. C,;H ,.0,N, requires C=616; H=68; 
N = 9-6 per cent.). 

Action of Alcoholic Hydrogen Chloride——When the methylamide 
just described is added to a saturated alcoholic solution of hydrogen 
chloride at 40°, it dissolves and crystallisation usually takes place 
very slowly, but after twenty-four hours a yellow crust will have 
separated. This is filtered off, ground with very dilute ammonia, 
and the colourless precipitate collected by the aid of the pump, 
dried, and crystallised from alcohol. In this condition the substance 
melted indefinitely at about 200°, and examination under the 
microscope confirmed the suspicion that it was a mixture, since it 
was seen to consist of slender needles as well as of rhombic plates. 
On distillation with zinc dust, a sublimate was obtained which 
fluoresced distinctly blue in acid solution and also gave a purple 
coloration when warmed with Ehrlich’s reagent (p. 1881), a be- 
haviour which suggested the presence both of a carboline and of an 
indolediazine. The separation of the two isomerides proved to be 
very difficult, but may be brought about by careful fractional 
crystallisation from alcohol repeated many times, the first crop 
consisting of the rhombic plates (m. p. 245—246°). It was then 
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te observed that the rhombic plates are more sparingly soluble in 
5. acetone than the needles. In our later experiments, the crude 
ds mixture was therefore first extracted with a little warm acetone, 
th and the small insoluble portion repeatedly fractionally crystallised 
ed from acetone and from alcohol until no needles could be detected 
” under the microscope. 
ly 11-Methoxy-3-keto-4-methyl-3 : 4-dihydro-4-carboline was thus 
d obtained quite pure and melted at 245—246° (Found: C = 68-2; 


H=5-1. (©,,;H,,0,N, requires C = 68-4; H = 5-2 per cent.). 
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This carboline yields a colourless hydrochloride on mixing with 
hydrochloric acid and gives scarcely any coloration with Ehrlich’s 
reagent (p. 1881). The solution of the hydrochloride exhibits g 
distinct though very slight blue fluorescence, but when a trace of 
the base is distilled with zinc dust, the sublimate yields, on dissoly. 
ing in very dilute hydrochloric acid, a strongly fluorescent solution, 
This is possibly due to the production of norhamine. 

The mother-liquors from the purification of the carboline contain 
the isomeric indolediazine and this may be isolated in a pure con. 
dition in the form of yellow needles melting at 205° by repeated 
fractional crystallisation from alcohol (Found: C = 68-70; H = 
5-24. C,3H,,0,N, requires C = 68-4; H = 5-2 per cent.). 

11-Methoxy-5-keto-4-methyl-4 : 5-dihydroindolediazine(1:4) melts 
at 205° and gives a greenish-blue colour on gently warming with 
Ehrlich’s reagent. This becomes fainter and greener on cooling 
and the effects can be produced alternately. On adding hydro. 
chloric acid, a bright yellowish-brown colour is developed; this 
becomes brown and greenish-brown on heating, returning to reddish- 
brown on cooling. The addition of sodium nitrite subsequent to 
the treatment with Ehrlich’s reagent produces a dull green; little 
change is observed on heating and the solution remains bluish-green 
on dilution with water. 

The indolediazine gives with vanillin and hydrochloric acid in 
the cold a deep red colour which becomes very intense on heating, 
After dilution with water, the solution is red by transmitted and 
blue by reflected light. The colour is destroyed by the addition of 
alkali. Neutral or alkaline, but not acid, solutions have a distinct 
blue fluorescence, and the yellow solution in acetone or benzene 
exhibits a very strong green fluorescence. The hydrochloride 
differs from the colourless hydrochloride of the isomeric carboline 

in being yellow. 


N-Methyltetrahydronorharmine (Formula XIV). 


11-Methoxy-3-keto-4-methyl-3 : 4-dihydro-4-carboline (1-3 grams) 
was dissolved in boiling n-butyl alcohol (20 c.c.), and sodium (2 
grams) added. The solution became yellow and acquired a green 
fluorescence. In about two minutes ethyl alcohol was gradually 
added so as to keep the boiling solution clear and, when all the sodium 
had disappeared, dilute hydrochloric acid was added until an acid 
reaction to Congo was obtained. Steam was then passed into the 
brown-purple solution to remove the alcohols, and animal charcoal 
was added. The filtered solution was concentrated and, after 
cooling, rendered strongly alkaline by the addition of an excess of 
sodium hydroxide. This precipitated an ochre base which was 
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collected and dissolved as far as possible in much boiling benzene. 
The solution was treated with animal charcoal, filtered, and con- 
centrated by distillation. An orange-yellow substance separated 
in a crystalline form and this was recrystallised from toluene and 
then twice from methyl alcohol. It was thus obtained in colour- 
less, prismatic needles melting at 182°, and at the same temperature 
when intimately mixed with a specimen prepared by the method 
next to be described. A careful comparison disclosed no difference 
existing between the two substances. This material was not 
analysed, as very little was available, but was dissolved in acetone, 
cooled to —5°, and finely powdered potassium permanganate added 
in minute amounts until after some hours no further oxidation 
occurred. More acetone was added and the solvent boiled and 
filtered. On concentration and adding water, a small, crystalline 
precipitate was thrown down, and the substance was collected and 
twice crystallised from alcohol. The oxidation product was thus 
obtained in colourless, prismatic needles melting at 227°, and at 
the same temperature when mixed with an authentic specimen of 
keto-N-methyltetrahydronorharmine prepared by the oxidation 
of harmaline methosulphate (Part III, p. 959). N-Methyltetra- 
hydronorharmine is best prepared from keto-N-methyltetrahydro- 
norharmine by reduction with sodium in butyl alcoholic solution 
and except that the operation was conducted on a somewhat larger 
scale (5 grams of the substance) the details of the process are 
precisely similar to those given above. Indeed the phenomena 
noticed at all stages were so alike in the two cases as to afford 
ground for the belief that the first action of the reducing agent on 
the carboline derivative is to convert it into ketomethyltetra- 
hydronorharmine. One of the most striking coincidences was 
that in each case the paper used for the filtration following the 
steam distillation developed, on standing in the air, a purple colour 
at the apex and a beautiful blueish-green nearer the edges. The 
substance prepared by this method also melted at 182° (Found : 
C=72-:1; H=7-3. C,,H,,ON, requires C= 72-2; H=7-4 
per cent.). N-Methyltetrahydronorharmine is sparingly soluble in 
ether and very sparingly soluble in benzene. It dissolves readily 
in methyl or ethyl alcohol. When freshly prepared and purified, 
it is colourless, but on standing in the air it quickly becomes 
brownish-yellow as the result of oxidation. In this respect it 
differs from N-methyltetrahydroharmine, which is much more 
stable. In order to show the relation of the substance to nor- 
harmine, the base has been prepared from norharmine metho- 
sulphate (Part III, p. 951) by reduction with sodium and butyl 
alcohol. The yield in this case was unsatisfactory. The metho- 
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sulphate (1-8 grams) was dissolved in butyl alcohol (50 c¢.c.), and 
sodium (3 grams) added. The mixture was then boiled during 
twenty minutes by heating in an oil-bath, then diluted with alcohol, 
and the product isolated in the manner described above. The 
purification was difficult, but ultimately the substance was obtained 
pure and melted at 182°, and at the same temperature when mixed 
with a specimen made from ketomethyltetrahy“ronorharmine. 


Indole-2-carboxydimethylacetalylamide, 
"Mints 


, *. /-CO-NE-CH :CH(OMe), 
N 


With the object of obtaining further evidence concerning the 
direction of ring formation in the case of the action of hydrogen 
chloride on dimethylacetalylamides, this comparatively simple 
case was investigated. The preparation of the acid chloride 
of indole-2-carboxylic acid and its conversion into indole-2-carboxy- 
acetalylamide are described in detail in Part V of this research 
(p. 1626), and in the present instance the same procedure was 
adopted except that aminodimethylacetal was employed in the 
place of aminoacetal and the condensation conducted in benzene 
instead of in chloroform solution, which appears to be an advantage. 
The acid chloride dissolves readily in boiling benzene and, after 
cooling and adding aminodimethylacetal (2 mols.), a viscid oil 
separates, which is not the case when chloroform is used as the 
solvent. The benzene was removed by distillation under reduced 
pressure, the residue mixed with water, and the solid product, 
obtained in a yield of 80 per cent. of theory dried in a vacuum 
desiccator. In this condition indole-2-carboxydimethylacetalylamide 
melts at 129° and is nearly pure, but after crystallisation from 
benzene, from which it separates as a matted mass of colourless 
needles, the melting point rises to 130—131° (Found: C = 63-1; 
H = 6-6. C,,;H,,0,N, requires C = 62-9; H = 6-4 per cent.). 

When this acetalyl amide was warmed with alcoholic hydrogen 
chloride, it dissolved, and in a short time, yellow crystals of a 
hydrochloride commenced to separate. These were collected, 
ground with dilute ammonia, and the almost colourless base 
crystallised from alcohol, from which it separated in yellow needles 
melting at 247°. That this substance was 5-keto-4 : 5-dihydro- 
indolediazine(1 : 4) was evident from the examination of its 
properties and was proved by admixture with the specimen of this 
substance which had previously been obtained (Part V, p. 1627), 
when the mixture melted at 247°. 
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—CH,-CO,H 
2-Carboxyindole-1 : 3-diacetic Acid, \/\ Joo ; 
N-CH,°CO,H 
This interesting acid, prepared during the course of the present 
investigation, is readily obtained under the following conditions. 
Phenylhydrazinoacetic acid, C,H,*-N(NH,)CH,°CO,H, prepared 
by the method recommended by Busch (Ber., 1903, 36, 3882) and 
dissolved in alcohol, is mixed with the quantity of «-ketoglutaric 
acid, CO,H-CO-CH,-CH,°CO,H, required to yield the hydrazone, 
and hydrogen chloride passed until the solution is saturated with 
the gas, the whole being cooled during the operation. On diluting 
the red solution with water, a crystalline precipitate comes down, 
which is collected, dried, and recrystallised from alcohol, from which 
it separates in slender, colourless needles (Found: C= 61-6; 
H=6-0. C,,H,O,N requires C = 61:3; H=5-7 per cent.). 
This diethy! ester of 2-carboxyindole-1 :3-diacetic acid decomposes 


ide 
cy- at 200-—202°, dissolves in sodium carbonate in the cold, and, when 
ch heated, develops an odour resembling that of indole. With 


Erhlich’s reagent, it gives a bright red coloration which becomes 


ras 
he blue on adding a drop of nitrite, and on dilution, purple and then 
ne green; the addition of hydrochloric acid brings back the purple 
re. colour. 
er 2-Carboxyindole-1 : 3-diacetic acid is obtained from this ester by 
vil boiling with methyl-alcoholic potassium hydroxide; water is added, 
he the methyl alcohol removed by evaporation, and the solution 
1d acidified, when colourless needles of this tribasic acid separate ; 
t, these melt at 261—263° (Found : C = 56-2; H= 4-3. (C,3H,,O,N 
m requires C = 56-3; H = 4-0 per cent.). 
le When phenylhydrazinoacetic acid is added to an alcoholic 
n solution of pyruvic acid and hydrogen chloride passed, some 
3 § ammonium chloride separates, and dilution with water precipitates 
an oil which does not solidify and is extracted with ether. After 
hydrolysis with alcoholic potassium hydroxide, dilution with 
2 water, and removal of the alcohol by evaporation, hydrochloric acid 
7 precipitates an acid which crystallises in long, flat needles and 


melts at 232°. This acid gives a red coloration on warming with 
Ehrlich’s reagent and is evidently 2-carboxyindole-l-acetic acid. 
We propose to examine this acid and also 2-carboxyindole-1 : 3- 
diacetic acid in more detail. 


Py-N-Methyl-Ind-N-propylharmine Chloride (Formula XXIII). 


Pure methylharmine (4 grams) was dissolved in a hot mixture 
of nitrobenzene (15 c.c.) and toluene (15 c.c.), and propyl iodide 
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(5 c.c.) added. After boiling during ten minutes, the reaction, as 
indicated by the separation of methylpropylharmine iodide, appeared 
to be complete and, after cooling, the salt was collected and washed 
with ether. The iodide was converted to chloride by digestion on 
the steam-bath with water and an excess of precipitated silver 
chloride, and the crude salt thrown down from the filtered solution 
by the addition of sodium chloride and a little hydrochloric acid, 
The substance was then crystallised thrice from dilute hydrochloric 
acid and twice again from water. The crystals were collected and 
dried in the air, and this material lost 20-9 per cent. when dried 
at 125° (Found: in anhydrous material, C = 67:3; H = 74; 
Cl= 11-4. (C,,H,,ON,Cl4-5H,O requires H,O = 21-0 per cent. 
C,,H,,ON,Cl requires C = 67-1; H = 6-9; Cl = 11-6 per cent.), 
Since the crystals lost some of their brilliancy on drying in the air, 
it is possible that they originally contained 5H,O. This substance 
is referred to below as (A). 


Py-N-Propyl-Ind-N-methylharmine Chloride (Formula XXII). 

Harmine was quantitatively converted into its propiodide in 
the following manner. The base (4 grams) was heated with nitro- 
benzene (15 c.c.) until it dissolved, in a flask attached to a reflux 
condenser, and propyl iodide (10 ¢.c.) added. In a few seconds the 
propiodide crystallised in yellow prisms, and benzene (50 c.c.) was 


then added and the mixture boiled during an hour and a half. 
After cooling, the salt was collected and washed with benzene. 
The derivative crystallises very well from alcohol, in which it is 
sparingly soluble, in well-shaped, rectangular, prismatic needles 
which melt and decompose at 240°. Addition of sodium hydroxide 
to an alcoholic solution produces a yellow liquid which exhibits a 
striking green fluorescence. 

This propiodide was converted to the corresponding chloride in 


the usual way by means of silver chloride, and the solution con- - 


centrated after filtration. On the addition of sodium chloride the 
chloride crystallised in pale yellow needles and was recrystallised 
from dilute brine. A hot aqueous solution was then rendered 
strongly alkaline by means of sodium hydroxide ,and the oily yellow 
base extracted by warm toluene. This yellow extract, which 
exhibited green fluorescence, was rapidly separated and dried by 
warming with sticks of potassium hydroxide, and when thoroughly 
dry it was decanted, heated at 100°, and neutral methyl sulphate 
slowly added until the yellow colour had disappeared. A very 
pale yellow, crystalline substance separated almost immediately 
and this was collected and converted to chloride by crystallisation 
from dilute hydrochloric acid containing sodium chloride. Finally, 
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the substance was crystallised several. times from water. Air- 
iried material lost 22-9 per cent. at 125° (Found: in anhydrous 
paterial, C = 67-4; H=7-0; Cl=11-8. C,,H,,ON,CI1,5H,O 
requires H,O = 22-8 per cent. C,,;H,,ON,Cl requires C = 67-1; 


N On 

ilver @H= 6-9; Cl = 11-6 per cent.). This substance is termed (B) in 
ition Bthe comparison of properties of the two isomeric salts, which may 
acid, Bow be made. 

loric @ (A) melts at 130°, whereas (B) melts at 100°, and after resolidi- 
and @ fication (A) melts at 240° with decomposition whilst (B) still melts 


ried at about 100O—110°. Both salts are hygroscopic when anhydrous. 
7-0; H The isomerides are readily soluble in water, but (A) is much the 
ent, more sparingly soluble of the two. The brilliant blue fluorescence 
t.), of the aqueous solutions are identical. If to separate portions of 
air, an aqueous solution of (A) hydrochloric acid, nitric acid, sulphuric 
nee § acid, or oxalic acid is added, an immediate crystalline precipitate 

of the corresponding salt is produced. These salts crystallise in 

small, colourless needles. With a solution of (B) of the same con- 

centration, the salts are not immediately precipitated, but separate 
in @ after some time in much larger slender needles. On the addition of 
ro. § potassium hydroxide to a solution of (A), there is produced a 
ux § yellow liquid and a precipitate of yellow needles soluble in excess of 


water. With (B), however, the precipitate is a yellow oil also 
soluble in excess of water. A proof of the fact that (A) and (B) 
are different substances is afforded by the behaviour with sulphuric 
aid. Both give a yellow solution which exhibits bright green 
fuorescence and on warming becomes colourless and exhibits blue 
fuorescence. On diluting the solution of (A) in warm sulphuric 
aid, there is an immediate precipitate of a sulphonic acid. This 
substance is very sparingly soluble and crystallises in very small, 
colourless needles. (B), treated in the same way, never gives an 
immediate precipitate, but after some days the solution deposited 
crystals in this case also. These are short, slender, colourless 
needles similar to those obtained from (A), but exhibiting a greater 
tendency to form clusters. The sulphonic acid from (B), if used to 
inoculate subsequent preparations, produces an immediate crystal- 
lisation, but that from (A) has no such effect. Both (A) and (B) 
give very sparingly soluble mercurichlorides crystallising in pale 
yellow needles. 

(A) gives a more flocculent, orange-yellow precipitate with 
potassium dichromate than does (B), whereas the buff ferrichloride 
from (B) is more flocculent than that from (A). Both salts give a 
green solution in concentrated nitric acid and a curious green oil 
when shaken with benzoyl chloride and aqueous potassium 
hydroxide. 
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Dimethylharminesulphonic Acid, 
SO, \—(“ 


| 
PNAS 
NMe Me 


In Part III (p. 950), the very sparingly soluble methylharmine. 
sulphonic acid was described, and it was tentatively suggested that 
the substance might be an N-sulphonic acid derivative. In view of 
the fact that dimethylharmine chloride and the two methylpropyl- 
harmine chlorides yield similar derivatives, it must now be assumed 
that the sulphonic acid group enters the benzene nucleus. Dj. 
methylharmine chloride (2 grams) was dissolved in sulphuric acid 
(10 c.c.). The yellow solution had a most brilliant green fluores. 
cence, but the colour disappeared and the fluorescence changed to 
blue-violet on warming for a few seconds on the steam-bath. The 
mixture was added to excess of water, when an immediate precipitate 
of a very sparingly soluble substance was obtained. This was 
collected, washed with hot water, and dried at 110° (Found: 
C=520; H=5-7; S=92. C,,H,,0,N.8,1-5H,O requires 
C = 52:0; H = 5-5; S = 9-2 percent.). This substance crystallises 
from a very large volume of water in slender, microscopic needles. 
It is insoluble in sodium carbonate and only dissolves in very 
dilute aqueous sodium hydroxide on heating 


NMe} ,1-5H,0.* 
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CCXXVII.—The Formation of Bromine Derivatives of 
Carbon Compounds without the Production of 
Hydrogen Bromide. 


By Brras Monan Gupta and Jocetyn FrieLtp THORPE. 


Many instances have doubtless occurred during organic chemical 
manipulation which have shown the disadvantages attaching to 

* The manuscript of this communication was submitted before we had an 
opportunity to consult the suggestive paper of Pfeiffer (Ber., 1922, 55, [B], 1762) 
on the constitution of betaines and analogous substances such as the amino- 
acids and aromatie amino-sulphonic acids. The constitution which we now 
attribute to alkylharminesulphonic acids and exemplified in the symbol 
chosen to represent dimethylharminesulphonic acid is in complete harmony 
with Pfeiffer’s views. 
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je formation of hydrogen bromide during the bromination of an 
wanic substance by free bromine under the usual conditions, 
ud have indicated the need for some method by which the pro- 
juction of the hydrogen haloid could be obviated. This need 
igs been particularly evident during some of the work now being 
wried on in these laboratories, because it has often been found 
yeessary to prepare bromo-derivatives (type I) of labile ring 
¢ructures like caronic acid (type II), which, as is well known, 
radily undergo ring fission in the presence of hydrogen bromide, 
yielding derivatives of terebic acid (III) in accordance with the 


Di. 
acid  cheme 
: CH-CO,H CBr-CO,H 
ores- # Me,C 2 —> Me,C 
ors Bl MeO cO.H “CS bH-00,H 
The (II.) (I.) 
itate Me.CB CHBrCO,H _ 0 CO 
was *eT\\ CH-CO,H Me,C-CH(CO,H)-CHBr “™? 
= (onsideration showed that a possible solution of the problem 
ee night be found in the use of compounds of the type of dibromodi- 


nethyldihydroresorcinol (IV), which Norris and Thorpe (T., 1921, 
119, 1205) have shown to possess a bromine atom which is in a state 
ofsuch instability that it is replaced by hydrogen even through the 
ygency of dilute caustic soda. 

It seemed possible, therefore, that a reaction represented by the 
equation 


Me,0<GH-COH | Gp, <COCHS cue, —> 


OH-CO,H CO-CH, 
] (IV.) 
CBr-CO,H CO-CH 
Me,C< 2 H 2 
a CH-CO,H +o S00-CH,” om 


might occur and that in this way the experimental difficulty men- 
tioned above would be overcome. Before, however, trying the 
proposed reaction with costly and difficultly obtainable substances, 
we decided to ascertain its possibilities by the aid of commoner 
material, and the present communication describes our experiments 
in this connexion. 

In the first place, it was desirable to determine which of the many 
substances containing unstable bromine were best suited for our 
purpose, and with this object in view we selected dimethylaniline 
as our compound to be brominated and the following dibromo- 
derivatives as our source of bromine: Ethyl dibromomalonate, 
CBr,(CO,Et), (V), dibromomalondiethylamide, CBr,(CO-NHEt), (V1), 
dibromocyanoacetamide, CN-CBr,*CO-NH, (VII), dibromobarbituric 
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acid, CBr,<CONHSco (VII), and dibromodimethyldihydro 


resorcinol (IV). 

It will be noticed that all these substances contain an unstable 
bromine atom in the sense that they all liberate iodine from potass. 
ium iodide, but it is certain that the degree of mobility or instability 
is markedly different in each case. We do not propose to discuss 
the question whether this difference in stability can be explained 
on the theory of relative polarities, or whether it is due, as has been 
suggested, to the tendency for the dibromo-derivative to acquire 
the hydrogen atom necessary to enable it to react in the enol form, 
but it is desirable to emphasise the fact, which is evident from the 
experiments described in this paper, that the greater the tendency 
for the compound containing the hydrogen atom to enolise the greater 
is its tendency to acquire that hydrogen atom and to do so by 
parting with one of the bromine atoms of its dibromo-derivative, 
or, in other words, the speed of the reaction between the brominator 
(A) and the acceptor (B) is determined by the tendency to enolise 
which is possessed by the mono-halogen compound (IX) formed 
in the reaction. 

Thus ethyl dibromomalonate (V) and dibromomalondiethylamide 
(VI), which would yield ethyl monobromomalonate and mono- 
bromomalondiethylamide, respectively, do not react with dimethyl- 
aniline under ordinary experimental conditions, because the mono- 
bromo-derivatives possess little or no tendency to react in an enol 
form. On the other hand, dibromodimethyldihydroresorcinol (IV), 
which, when the necessary hydrogen atom is introduced, yields 
the strongly enolic substance monobromodimethyldihydroresorcinol 
(LX), reacts readily with dimethylaniline and in the course of a few 
minutes gives an almost quantitative yield of the brominated 
base (X), 

0-CH.~, 


4 NMe, + CBrs<Co.cH> CMe, —> 
A (IV.) 


Br¢NMe, + CHBr<69.cH?> CMe, 
(X.) (IX.) 
The method is therefore applicable for the purpose required, and 
it has been found that under suitable conditions it is possible, 
by its means, to brominate labile ring complexes without ring 
fission. It is especially useful because it is an easy matter to 
isolate the monobromo-derivative (IX), which can then be dibrom- 
inated and used again. The experiments in this connexion will 


form the subject of another communication. 
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The two other labile bromo-derivatives which were found to 
yt as brominating agents, but to a less satisfactory degree than 
jibromodimethyldihydroresorcinol, were dibromobarbituric acid 
(VIII) and dibromocyanoacetamide (VII). Of the two, the bar- 
hituric acid derivative is the more satisfactory, giving a 75 per cent. 
yield of bromodimethylaniline. Dibromocyanoacetamide, under 
jmilar conditions, gives a 55 per cent. yield of the brominated 
base. 

Dibromocyanoacetamide (VII) is a curious substance which was 
originally obtained by Hesse (Amer. Chem. J., 1896, 18, 725), but 
no experiments were carried out by him to determine the positions 
of the bromine atoms. This can be done quite easily, however, 
because the action of aniline leads to the formation of the com- 
pound NHPh-C(:NPh)-CO-NH, (XI), from which phenyloxamide 
NHPh-CO-CO-NH, (XII) can be prepared by hydrolysis. 

The action of ethyl sodiomalonate on the dibromo-compound 
(VII) is typical, ethyl ethanetetracarboxylate (XIII) and ethyl 
ethylenetetracarboxylate (XIV) being produced in approximately 
equal amounts. It is evident, therefore, that dibromocyano- 
acetamide acts as free bromine, and that the course of the reactions 
is represented by the equations 


(1) 2CHNa(CO,Et), + CN-CBr,-CO-NH, —> 
CH(CO,Et),*CH(CO,Et), +- CN-CNaBr-CO-NH, 
(XIII) + NaBr. 


(2) CH(CO,Et),*CH(CO,Et), + CN-CBr,CONH, —> 
CBr(CO,Et),CH(CO,Et), + CN-CHBr-CO-NH,, 


(3) CBr(CO,Et),*CH(CO,Et), —> C(CO,Et),:C(CO,Et), + HBr. 
(XIV.) 


It is doubtless desirable to carry out the brominating reactions, 
of which those described in this paper are types, in solvents, such 
as carbon tetrachloride, from which the brominator cannot acquire 
the hydrogen atom it desires. Actually, in the present experiments, 
in which the reactions proceeded easily and rapidly, this precaution 
was not found to be necessary, and solvents such as alcohol and 
benzene were used without detriment to the yield of brominated 
base. 

A paper has just appeared by Macbeth (this vol., p. 1118) in which 
the “‘ tautomeric hypothesis ” of Thole and Thorpe (T., 1911, 99, 
2183) is criticised. Macbeth prefers the “ polarity hypothesis,” 
because, for example, a substance such as ethyl monochloromalonate 
(XV) reacts with hydrazine to form ethyl malonate and free nitrogen, 
whereas monochloroacetylacetone (XVI) and, incidentally, its 
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dichloro-derivative, do not behave in this manner. The polarity 
explanation of this is as follows : 


ao 
+ 
EtO—C+ 
~ O 
(Halogen not reactive.) (Halogen reactive.) 


and therefore it follows that : 


) 
{ 


( 
CH Ct — 4 
CMe, CBrBr (Iv.) 
2\. : a a? 
CH,°C 
“8 


(Halogen more reactive. ) (Halogen less reactive.) 
which is totally contrary to the actual experimental facts as described 
in this paper. 


EXPERIMENTAL. 


A.—Dibromocyanoacetamide (VII). 


The method of preparation adopted was similar to that employed 
by Hesse (loc. cit.), but the yield was increased to 90 per cent. 
of the theory by the following modification of his process. Cyano- 
acetamide (42 grams; 1 mol.) was dissolved in 350 c.c. of cold water 
and the solution treated with 160 grams of bromine, a small quantity 
being added at a time and the mixture being kept cool. Addition 
of sodium acetate in quantity sufficient to react with the hydro- 
bromic acid formed in the reaction, increases the yield and prevents 
the formation of lachrymatory polybromo-compounds. The pre- 
cipitate obtained was quickly filtered, freed from traces of adhering 
hydrobromic acid by washing, and dried. A pure specimen, crystal- 
lised from benzene, melted at 126° (Found: Br = 65°97. Cale., Br = 
66°1 percent.). All attempts to prepare monobromocyanoacetamide 
by direct bromination were fruitless, and it was not until later (see 
p. 1902) that this substance was obtained in another way. 

Action of Sodium Hydroxide. Formation of Tribromoacetamide, 
CBr,*CO-NH,.—Dibromocyanoacetamide dissolves readily in dilute 
caustic soda and, in a short time, a heavy oil is precipitated which 
contains bromoform and carbon tetrabromide. Deep-seated decom- 
position of this kind is, however, prevented if carbamide is present. 
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(ne gram of dibromocyanoacetamide was mixed with 4 grams of 
carbamide dissolved in water, and a 10 per cent. solution of caustic 
sda added drop by drop until complete solution had been effected. 
The solution, which became reddish-brown, was then extracted with 
ether, and the crystalline residue, left after evaporating the ether, 
rerystallised from dilute alcohol. The pure tribromoacetamide 
melted at 120—121° (Found: C= 816; H=0°70; Br= 80°8. 
(,H,OBr, requires C= 8:1; H =0°7; Br = 81:0 per cent.). 

Action of Ethyl Sodiomalonate-—Dibromocyanoacetamide (24 
grams) was dissolved in 75 c.c. of ethyl alcohol and the cooled 
wlution added gradually to a suspension of ethyl sodiomalonate 
(2 mol.) in 65 c.c. of ethyl alcohol. After the solution had stood 
on ice over-night, it was heated on the water-bath for one hour 
and then diluted with water. The oil which was extracted by ether 
and became partly solid on standing was distilled under 30 mm. 
pressure, the fraction boiling at 110—130°, which became completely 
slid on cooling, being collected. The crystals, which melted at 
50°, were found to consist of two substances which could be separated 
by repeated crystallisation from a mixture of alcohol and light 
petroleum. One of these melted at 56° and was identified by means 
of its properties and by its hydrolysis to fumaric acid as ethyl 
ethylenetetracarboxylate (XIV); the other, which melted at 76°, 
was found to be ethyl ethanetetracarboxylate (XIII). 

Action of Aniline. Formation of Diphenylamidineoxamide (X1).— 
When a mixture of 24 grams of dibromocyanoacetamide and 37 


ved 


ed grams of aniline dissolved in 20 c.c. of absolute alcohol is left at 
MB the ordinary temperature, it gradually becomes warm and in about 
°- Bf half an hour a vigorous reaction takes place, the whole mass becom- 
x ing solid. A considerable portion of this proved to be aniline 
n hydrobromide, which could be removed by the action of hot water, 


leaving an insoluble residue which, when crystallised from alcohol, 
formed lustrous, pale yellow laminz, melting at 155° (Found: 
C= 69°90, 70°06; H = 5°62, 554; N= 17°68, 18°09. Calc., 
C=702; H=55; N=17°6 per cent.). This substance is 
evidently identical with that prepared by Schultz, Rohde, and 
Herzog (J. pr. Chem., 1906, [ii], 74, 74) from hydrocyanocarbo- 
diphenylimide. 

Phenyloxamide.—The proof of structure of the last-named sub- 
stance was provided by its hydrolysis to phenyloxamide. Diphenyl- 
amidineoxamide dissolves readily in dilute hydrochloric acid and, 
if the solution is warmed for a few minutes, phenyloxamide separates 
on cooling. It melts at 225° and sublimes very easily (Found : 
C= 5782; H=486; N=17°68. Calc, C= 585; H=49; 
N = 17:1 per cent.). 
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Action of Dimethylaniline. Interchange of Hydrogen and Broming 
—Six grams of dibromocyanoacetamide were dissolved in 120 ¢¢. 
of dry benzene and the warm solution was treated with 3 grams g 
dimethylaniline. The colour of the solution gradually turned 
greenish-blue and, on keeping the mixture at 80°, a dark brown liquid 
slowly separated. The heating was continued for four to five hour, 
After cooling, the liquid was separated from the solid which had 
formed, and the solvent evaporated. The solid residue proved ty 
be p-bromodimethylaniline, melting at 58°. Monobromocyano. 
acetamide, CHBr(CN)-CO-NHg, can be isolated from the product 
insoluble in benzene. It forms colourless crystals from alcohol 
and melts at 120—121° (Found: C = 22716; H=1'96; Br= 
49°05. C,H,ON,Br requires C = 2271; H=19; Br = 49% 
per cent.). 

The amounts of monobromocyanoacetamide and p-bromo. 
dimethylaniline actually isolated represented 55 per cent. of the 
theoretical yields. 


B.—Ethyl Dibromomalonate (V). 

Ethyl dibromomalonate was prepared by the action of bromine 
on ethyl malonate in the presence of sunlight according to the method 
described by Conrad and Bruckner (Ber., 1891, 24, 2993). A pure 
specimen was obtained by redistillation, and the fraction distilling 


between 148—155°/25 mm. was employed in these experiments. 

Action of Dimethylaniline—A mixture of 371 grams of ethyl 
dibromomalonate, 1-2 grams of dimethylaniline, and 5 c.c. of dry 
benzene was heated on the steam-bath for five hours. After boiling 
off the solvent, the residual liquid was treated with dilute hydro- 
chloric acid. The acid extract was then made alkaline and extracted 
with ether, the ether on evaporation leaving a residue which con- 
sisted mainly of the initial materials. No trace of p-bromodimethy- 
aniline could be detected. 


C.—Dibromomalondiethylamide (V1). 

This substance was obtained by the action of bromine on malondi- 
ethylamide, which was prepared by the interaction of ethylamine 
and ethyl malonate. The bromination was effected in two stages 
in accordance with the method described by Backes, West, and 
Whiteley (T., 1921, 119, 363). The specimen used in these experi- 
ments had been extracted with dry ether and recrystallised from a 
mixture of alcohol and light petroleum. It melted at 78°. 

Action of Dimethylaniline.—3'2 Grams of dibromomalondiethy]- 
amide were dissolved in 50 c.c. of dry benzene and treated with 
1-2 grams of dimethylaniline, the mixture being boiled for two hours. 
After removing the solvent, the residue was treated with dilute 
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drochloric acid and filtered from the insoluble material, which 
Bias found to be unchanged dibromomalondiethylamide, 2-9 grams 
king recovered in this way. The unchanged dimethylaniline was 
lated from the filtrate by rendering it alkaline. The quantity 
ibtained was practically the same as the amount originally employed. 
Yo trace of p-bromodimethylaniline could be detected. 


D.—Dibromobarbituric Acid (VIII). 

(rystallised barbituric acid (1 mol.) was dissolved in boiling water 
ud the solution treated gradually with bromine (2 mols.), which 
yas rapidly absorbed. The material used in these experiments, 
vhich melted at 235°, was isolated by extracting the cooled solution 
yith ether and recrystallising the ether extract. 

Action of Dimethylaniline—Owing to the insolubility of dibromo- 
arbituric acid in benzene and in carbon tetrachloride, the 
wlvent used in this case was absolute alcohol. Dibromobarbituric 
wid (2°8 grams) was dissolved in warm alcohol and the solution 
treated with 1-2 grams of dimethylaniline. A vigorous reaction, 
vith the evolution of heat, took place at once, but in order to ensure 
that it was carried to completion, the mixture was heated for 
ifteen minutes on the water-bath. After removing the solvent, 
the residue was extracted with light petroleum (b. p. 50—60°) 
and in this way an amount of p-bromodimethylaniline corresponding 
vith 75 per cent. of that theoretically possible was isolated. 


E.—Dibromodimethyldihydroresorcinol (IV). 


Dimethyldihydroresorcinol, prepared by the method of Norris 
and Thorpe (T., 1921, 119, 1205; compare also Vorlander, Annalen, 
1897, 294, 253), was dibrominated in chloroform solution by the 
method described by Vorlinder and Kohlmann (Annalen, 1902, 
322, 257). The product used had been recrystallised from dilute 
nethyl alcohol. It melted at 144°. 

Action of Dimethylaniline—A mixture of 3 grams of dibromo- 
dimethyldihydroresorcinol and 1:2 grams of dimethylaniline was 
treated with 15 c.c. of dry benzene, and the solution heated for 
ifteen minutes on the water-bath. After evaporating the benzene, 
the dry residue was treated with dilute hydrochloric acid and filtered. 
The filtrate yielded, on being made alkaline, a quantity of p-bromo- 
dimethylaniline which represented more than 90 per cent. of that 
theoretically possible. The residue insoluble in dilute hydro- 
chloric acid was, after purification, identified as monobromo- 
dimethyldihydroresorcinol (IX), melting at 175°. It was evident, 
therefore, that the reaction had proceeded practically quantitatively, 
the percentage yields of the two products being the same. 


soDIt 
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An experiment carried out with dimethylaniline and mono. 
bromodimethyldihydroresorcinol (IX) showed that no reaction 
occurred between these two substances. 


Tue ImperRIAt COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. (Received, July lst, 1922, 


CCXXVIII.—The Reactivity of Alkyl Iodides with 
Sodium Benzyloxide and the Effect of Temperature 
on such Reactions. 


By Percy Cuartes Haywoop. 


THE interaction of the alkyl iodides and a variety of compounds 
has been studied by numerous investigators, but only Slator (T,, 
1904, 85, 1286), Preston and Jones (T., 1912, 1041, 1930), and 
Segaller (T., 1914, 105, 106) appear to have studied the effect of 
temperature on the relative reactivities. Various methods have 
been adopted to attain this end, and in general it has been 
observed that methyl iodide is several times more reactive 
than ethyl iodide, whilst the other members of the series show a 
comparable decreasing reactivity with increase of molecular weight. 
No definite relationship was established, however, between these 
two specific properties. 

Wislicenus (Annalen, 1882, 212, 239) measured the velocity of 
the reaction between ethyl sodioacetoacetate and the alkyl haloids 
in ethyl-alcoholic solution. Wildermann and Aisinmann (Z. 
physikal. Chem., 1891, 8, 661) investigated the rate at which 
hydrogen haloid was split off from halogen derivatives of the 
fatty hydrocarbons by alcoholic potash. At 35-5°, they found 
that ethyl iodide was destroyed three times as quickly as propyl 
iodide and that isoamyl iodide, isopropyl iodide, and _ sec.-hexyl 
iodide decreased in activity in the order given. This type of 
reaction was later studied by Brussoff. Hecht, Conrad, and 
Bruckner (ibid., 1889, 4, 272) studied the reaction in alcoholic 
solution between sodium ethoxide and the alkyl iodides at 30°. 
The reaction in this case too was found to be bimolecular, but 
their results did not agree in detail with those of Wislicenus. The 
bimolecular reaction between the alkyl haloids and triethylamine 
in acetone at 100° was investigated by Menschutkin (ibid., 1890, 
8, 589), who found an anomaly in the behaviour of the methyl 
haloid. Conrad and Bruckner, in continuation of their investi- 
gation on the velocity of ether formation (ibid., 1891, 7, 274), 
measured the velocity coefficients with a reaction mixture of alkyl 
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iodide, sodium ethoxide, and phenol. The rate of evolution of 
gaseous olefine by the interaction of alkyl haloids and 2 N-potassium 
hydroxide in 96 per cent. alcohol, at 78° was determined by Brussoff 
(tbid., 1900, 34, 129). His reaction mixture was not initially at 
78° and thus there must be an appreciable error in his results, 
Burke and Donnan (T., 1904, 85, 585) carried out an investigation 
of the bimolecular reaction between the alkyl iodides and silver 
nitrate. In this case, silver iodide being precipitated, the intro. 
duction of this new phase may possibly have influenced the velocity 
of the reaction. There is also a possibility of complex silver salts 
being formed. The velocities of the reaction of sodium thiosulphate 
with methyl iodide and also with ethyl iodide at 25° were studied 
by Slator (loc. cit.). The velocity of the reaction with methyl 
iodide was eighteen times as great as that with ethyl iodide, and 
the ratio ko + 1:/ke was equal to 3-0 and 3-4 in the cases of methyl 
and ethyl iodides, respectively. Following on the work of Men- 
schutkin, Preston and Jones (loc. cit.) studied the action of alcoholic 
solutions of the alkyl haloids on dimethylaniline and_ tri‘soamyl- 
amine at 25° and 40°. Their results also show an anomaly in the 
behaviour of methyl iodide. Furthermore, in each case, the ratio 
of the velocity of reaction of cach iodide at 40° to the velocity at 
25° was approximately constant. Cox (T., 1918, 113, 666) studied 
the reaction of sodium «-naphthoxide and sodium $-naphthoxide 
with some normal iodides in decinormal alcoholic solution at 40°. 
The only extensive investigations of the influence of temperature 
on the reactivity of the alkyl iodides are due to Segaller (loc. cit.). 
He determined the velocity coefficient of the reaction between 
aliphatic iodides and sodium phenoxide in alcoholic solution, and 
found the data obtained were well expressed by Arrhenius’s equation 
(Z. physikal. Chem., 1887, 4, 226), and that the relative reactivity 
was approximately independent of temperature, with the exception 
of n-heptyl and hexadecyl iodides at the highest temperatures. 

The numerical results cbtained by the varicus investigators are 
summarised in the preceding table. 

In previous determinations of the relative reactivity of certain 
aliphatic iodides, the general method has been to study the re- 
action between the iodides and the sodium derivative of either an 
aliphatic or an aromatic alcohol, for example, sodium ethoxide or 
sodium phenoxide. It was considered an advantage to study the 
effect on some aliphatic iodides of sodium benzyloxide, which, 
although aromatic, has properties appertaining rather to the 
aliphatic series than to the homocyclic. By such means it was 
hoped that a definite relationship between the reactivity and the 
molecular weight of an iv tide would be obtained. 
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The rate of reaction was measured by titrating the alkalinity of 
ihe mixture at definite intervals of time. Fifty c.c. of N/5-sodium 
ienzyloxide were intimately mixed with 50 c.c. of N/5-solution 
if the iodide, the solvent in each case being pure ethyl alcohol. 
Ten c.c. of this mixture were transferred as rapidly as possible to 
ach of nine Jena-glass test-tubes, which were immediately closed 
iy well-fitting rubber stoppers. These tubes were placed in a 
yrass rack, lowered into the thermostat, and allowed fifteen minutes 
in which to attain the correct temperature. At this juncture a 
tube was withdrawn and the mixture poured into a titration flask 
ontaining almost the correct amount of acid for neutralisation 
(etermined by previous experiment). The tube was carefully 
washed and the diluted mixture made up to 200 c.c. with cold 
water; acid was then added until neutralisation was complete 
wing phenolphthalein as indicator. After dilution, alcohol was 
present only to an extent of 5 per cent. and the phenolphthalein 
was thus capable of giving an accurate end-point, the maximum 
eror of titration being -+ 0-13 per cent. After definite time 
intervals, other tubes were withdrawn and their alkalinity deter- 
mined. From these values the velocity of reaction was calculated. 

The acid used was standard hydrochloric acid, obtained from 
“constant boiling” acid. The thermostat employed was of the 
general type. The surface of the water was covered with a layer 
of lubricating oil of low density, and a special electrical device 
was employed for the maintenance of a constant temperature, with 
very satisfactory results. A detailed description of this apparatus 
will be published in a later paper. In experiments extending over 
a period of nine hours, no alteration in temperature could be de- 
tected, whilst for those of a longer duration, in which comparatively 
large changes in atmospheric temperature would be experienced, 
the variation was in the region of 0-01°. The majority of the 
experiments at 60°, however, were carried out in a thermostat 
provided with an adapted Ostwald toluene thermo-regulator, with 
temperature variation of -+-0-01°. 

Since we have the reaction 


C,H,;*CH,"ONa + RI = Nal + C,H,°CH,°OR, 
one would expect it to be of the second order; experiments show 


that such is the case. 
The results were calculated by the usual formula and expressed 


as k in terms of gram-molecules per litre. 
tlt “a—w Ca’ 
where y = c.c. of acid required to neutralise the amount of sodium 
3u2 
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benzyloxide in a known volume of the mixture before the com. 
mencement of the experiment, a = c.c. of acid required to neutralise 
the same volume of the mixture at the zero point taken, (a — x) = 
c.c. required to neutralise an equal volume at a time ¢ minutes from 
this zero, and C, = concentration of reacting substances at the 
theoretical zero. 

Since in the preparation of sodium benzyloxide there was a 
possibility of a slight excess of the alcohol, it was considered ad. 
visable to study the effect of the presence of excess of this alcohol 
in the reaction mixture. In absence of excess of benzyl alcohol, 
the velocity of reaction between sodium benzyloxide and ethy! 
iodide of N/10-concentration in ethyl alcohol at 40° was found to 
be k = 0-04556, whilst in the presence of 5 per cent. excess of 
benzyl alcohol & = 0-04422. Thus, for a 5 per cent. excess of 
benzyl alcohol, we have a decrease of 3-5 per cent. in the velocity 
coefficient. Similar results were obtained by Cox (loc. cit.) and by 
Robertson and Acree (T., 1913, 49, 474) in the reaction between 
N/2-sodium phenoxide and N/2-methyl iodide. 

The effect of a small percentage of water was also investigated. 
The velocity coefficient of the reaction at 40° between ethyl alcohol 
and sodium benzyloxide of- equivalent N/10-molecular concen- 
tration is 0-04556; whilst in the presence of 1 per cent. of water 
by weight, we have a velocity constant, k = 0-04588. This gives 
an increase of 0-5 per cent. approximately, and thus a trace of 
water as impurity in the solvent will not cause a large error. In 
this connexion, it must be mentioned that Cox (T., 1920, 117, 502) 
observed an increase of 3 per cent. in the velocity coefficient when 
95 per cent. alcohol was used as the solvent in the place of 100 per 
cent. alcohol. 

The flasks, pipettes, and burettes used were standard, and the 
same were used throughout the series of experiments. As an 
additional precaution, the solution of sodium benzyloxide prepared 
by solution of a known weight was checked by titration with 
standard hydrochloric acid obtained from ‘constant boiling” 
acid. Precautions were also taken to exclude carbon dioxide and 
moisture. 

On dissolving sodium benzyloxide in ethyl alcohol, one would 
expect alcoholysis to take place to a certain extent until the alco- 
holysis constant was satisfied : 


C,H,‘CH,ONa + C,H,-OH = C,H,-ONa + C,H,CH,-OH. 


Similarly, a mixture of sodium ethoxide and benzyl alcohol in 
ethyl alcohol solution would result in the formation of sodium 
benzyloxide, the alcoholysis constant being the same under these 
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enditions. That such is the case is shown by the following 


examples. sls 


Relationship between the velocity coefficient and the 
logarithm of the dilution. 


4 
———— ree 
wv P 
5 _———____ VA 
roe 
— 
S 
x 
= | 
3 ‘ | 
2 LS 
| © 
| pata 
1\— 
| 
ae | 
0 0-4 0°8 1:2 
Log. V. 
I Ethyl iodide at 30°. II n-Propyl iodide at 40°. 
III ” 9° > 40°. IV ° > ”> 50°. 


A reaction mixture of N/10-ethyl iodide and N/10-sodium. 
benzyloxide at 40° has for its velocity coefficient k = 0-04556. 
Using a mixture of sodium ethoxide and benzyl alcohol in place 
of the sodium benzyloxide, a coefficient, k = 0-04560, was obtained. 

Again with n-propyl iodide. A reaction mixture consisting of 
V/10-n-propyl iodide and N /10-sodium benzyloxide has the velocity 
coefficient of interaction at 50°, * = 0-05119. When the sodium 
benzyloxide was replaced by equal molecular quantities of sodium 
ethoxide and benzyl alcohol, the determined velocity coefficient 
was k — 0-05070. This equivalency of sodium benzyloxide in 
ethyl alcohol solution and a solution of sodium ethoxide with 
benzyl alcohol of corresponding concentration in ethyl alcohol 
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has been used in the determination of the velocity of reaction jn 
preliminary experiments. 

The initial concentration is of considerable importance, for 
experiment shows that to obtain comparable results the same 
initial concentration should be used for each substance. 

An empirical equation was proposed by Hecht, Conrad, and 
Bruckner (Z. physikal. Chem., 1890, 5, 289), 


ky, — ky, = a log vy/v,, 


where k,, and k,, are the velocity coefficients of the reaction under 
consideration in terms of gram-molecules per litre at dilutions », 
and v, respectively. This expression was later placed on a scientific 
basis by Schroeder and Acree (T., 1914, 105, 2582). 

The velocity coefficients for ethyl and n-propyl iodides at dilu- 
tions 2-5, 5, 10, and 20, each at two temperatures, have been deter. 
mined and the results are shown graphically in Fig. 1. 


(A) Ethyl Todide. 
5 | a. (cale.). (obs.). (cale.). (obs.). 


30° 0-01093 0-01423 0-00548 0-01258 0-01247 O-O1588  0-01692 
40° 0-03057 0-04556 0-0249 0-03801L 0-03823 0-05306  0-05569 


ks k hog ky 
Temp. Kos. 


(B) n-Propyl Todide. 


k Is k Ivy 


5 : 20 
Temp. | kre. a. (cale.). (obs. ). (cale.). (obs.). 
40° 0-01292 0-01758 0-00774 0-01525 0-01549 0-01991  6-02174 
50° 0-03533 0-05124 0-0264 0-04490 = =0-04341 0-05756 = 0-06306 


The values of a k, (cale.) and ky (cale.) are obtained from f,,., 
and ky». 

From these values of the velocity coefficients it can be seen that 
the equation does not hold with accuracy at a dilution of v = 20. 
Cox (T., 1920, 117, 505), in his investigations on the reaction 
between the naphthoxides and alkyl iodides, noticed that in the 
case of methyl iodide in ethyl-alcoholic solution there was a distinct 
change at a dilution of »= 8. Thus, in order to obtain com- 
parative results of the reactivity of the iodides by the method 
under consideration, the velocity of reaction must be studied at 
the same dilution (compare also Segaller, loc. cit.). 

Lewis has deduced on the basis of the quantum theory an ex- 
pression for the variation of velocity coefficient with temperature 
(T., 1916, 109, 807). This expression differs from that of Arrhenius 
by a correction term applied to the coefficient. In the case of 
ethyl alcohol, the temperature coefficient of refractivity is 0-0004 
(Ketteler, Ann. Phys. Chem., 1888, [iii], 33, 508), causing a vari- 
ation of a constant, of the order determined experimentally, of 
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approximately 0-15 per cent. The expression deduced by Robertson 
and Acree (J. Amer. Chem. Soc., 1913, 49, 474) shows that alco- 
holysis has no effect on the constancy of this relationship. The 
results obtained are compatible with the radiation hypothesis. 

Preparation and Purification of the Chemical Used.—Benzy] 
alcohol, containing slight impurities of benzyl chloride and benz- 
aldehyde, was heated under reflux with a strong solution of caustic 
potash. The product after separation from the alkali was fraction- 
ated to free it from as much water as possible, and finally dried by 
heating under reflux with, and then distilling from, freshly prepared 
calcium turnings. The alcohol obtained after careful refractionation 
had b. p. 206-2°. 

The alkalinity, as compared with the estimation as sulphate, of 
the sodium used in the preparation of the oxide gave a purity of 
99-98 per cent. 

Sodium benzyloxide was best prepared by the following methods : 
(I) Sodium was dissolved in an excess of benzyl alcohol in a current 
of pure dry hydrogen (obtained by electrolysis of dilute sulphuric 
acid), the liquid being warmed. The excess of benzyl aleohol was 
distilled off at as low a pressure as possible, because charring readily 
took place on heating too strongly. Finally, the substance was 
gently heated in a current of hydrogen. Alternative methods for 
the removal of the last trace of benzyl alcohol were used, such as 


ma extraction with small quantities of xylene, light petroleum, ete. 
‘39g § Lhe first method was found, however, to be the easiest from the 
practical point of view. 
bee (II) On addition of the correct quantity of sodium to a solution 
of benzyl alcohol in xylene, previously purified by distillation over 
that that metal, solution slowly took place. After removal of the 
- 20. xylene by distillation under diminished pressure, the product was 
tion§ finally purified from xylene by heating at 100° in a stream of 
the} hydrogen. When obtained pure, the compound consisted of white 
inct§ flakes which were only slightiy hygroscopic and could be kept for 
om-— some considerable period in a vacuum desiccator over paraffin 
hod (Found: Na = 17-67, 17-71. Cale., Na = 17-69 per cent.). 
| at Owing to the great difficulty of purchasing pure iodides, nearly 


all such used in this research were synthesised. From purified 
methyl and ethyl alcohols the corresponding iodides were obtained 
by the standard method, by addition of iodine to red phosphorus 


ure 
ius § and the alcohol, using a 10 per cent. excess of iodine (methyl iodide, 

of fb. p. 42-5°, ethyl iodide, b. p. 72-4°). The yield was considerably 
04 increased by treating the reaction product, after keeping for twenty- 
wi- | four hours, with a small quantity of water and heating under reflux. 


n-Propyl alcohol was obtained from propyl acetate and con- 
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verted into the corresponding iodide (b. p. 102-0°) by the usual] 
process. 

isoPropyl iodide, prepared from glycerol, was finally obtained 
pure only by careful fractionation in almost complete absence of 
light (b. p. 39-5°). 

n-Butyl alcoho! was isolated from fermentation butyl alcohol. 
Careful fractionation of a sample gave 13 per cent. and 49 per 
cent. of distillate boiling at 115—116° and 116—117° respectively, 
These fractions were mixed, dehydrated over potassium carbonate, 
lime, and finally calcium turnings, and again distilled. After two 
fractionations, the alcohol, b. p. 116—116-5°/756 mm., was accepted. 

n-Buty]l iodide, b. p. 129-6°, was prepared by the standard method. 

isoButyl iodide, b. p. 120-0°, was synthesised from isobutyl 
alcohol. 

sec.-Hexyl iodide was obtained by destructive distillation of 
mannitol with hydriodic acid in the presence of carbon dioxide. 
The best yield was obtained by dissolving the mannitol in the 
requisite quantity of water, mixing with iodine, and finally adding 
yellow phosphorus until the solution was colourless. This mixture 
was heated under reflux for twenty minutes and the sec.-hexyl 
iodide distilled off under slightly diminished pressure in the presence 
of carbon dioxide. Careful fractionation under diminished pressure 
(<50 mm.) gave the desired product (b. p. 85°0°/43 mm.). A 
specimen of Kahlbaum’s sec.-hexyl iodide was obtained at a later 
date, and after purification its reactivity was found to agree with 
that of the prepared iodide. 

n-Heptyl iodide (b. p. 203-5°) was synthesised from n-heptyl 
alcohol. Both x- and sec.-octyl iodides were Kahlbaum’s chemicals. 

Hexadecy]l iodide, m. p. 22°, was prepared from hexadecy] alcohol 
by the general method of synthesis and was purified by preparing 
a saturated solution in alcohol at 20° and immersing in a freezing 
mixture. A second specimen was obtained by purification of a 
small quantity of Kahlbaum’s iodide. The rates of reaction of 
both specimens showed good agreement. 

The iodides were purified by careful fractionation in an atmo- 
sphere of carbon dioxide, they having been previously treated with 
dilute alkali solution to remove iodine, washed free from alkali, 
and dried over calcium chloride. After a final distillation over 
freshly ignited silver, under such a pressure that decomposition did 
not take place, the iodides were kept in blackened bottles over 
small quantities of ignited silver and calcium chloride. 

The solvent, ethyl alcohol, used was commercial absolute alcohol 
which had been boiled under reflux and distilled over fresh quick 
lime; the last traces of water were removed by heating under 
reflux and distilling over freshly prepared calcium turnings. The 
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distillate was collected in a receiver provided with a drying-tube, 
and transferred to well-stoppered, green-glass bottles. 


other results being summarised for economy of space. 


Results. 
Only one complete experiment is given with each iodide, the 


The experi- 


ments selected are given at different temperatures in order to 
indicate the trustworthiness of the results at the lower and higher 


temperatures. 


In this series of experiments each mixture con- 


sisted of 5 c.c. of N/5-sodium benzyloxide and 5 c.c. of N/5-solution 


of the iodide under investigation. 


hydrochloric acid and y = 40. 
Methyl iodide. 


Temp. 0°. 


t(mins.). (a—2) c.c. 


120 
3390 
615 
900 
1204 
1530 
1935 
2415 


37-00 
34-40 
31-45 
28-95 
26-50 
24-60 
22-55 


20-45 


x. 


or 


yt 


mal bobo 
— 


oro 


k’ (mean) = 0-0003714 
k =k’ x 400/38-65 = 0-003844 


Temp. 60°. 
t(mins.). (a@—2) c.c. 


4 

8 
12 
17 
24 
33 
45 
60 


n-Propyl iodide. 


32-35 
30-85 
29-60 
28-00 
26-20 
24-20 
21-85 
19-40 


x. 
1-65 
3°05 
4-30 
5:90 
7-70 
9-70 
12-05 


14-50 


k’ (mean) = 0-01228 
k=k’ x 400/33-90 = 0-1440 


Temp. 40°. 
t(mins.). (a—2) c.c. 


45 
105 
200 
280 
370 
480 
630 


n-Butyl iodide. 


36-80 
34-60 
31-10 
28-72 
26-50 
24-40 
21-46 


~ 


Hm Cre DOGO Ge 


- 


Sr St Go Gt Sr Cr 
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k’ (mean) = 0-001273 
k =k’ x 400/38-95 = 0-01307 


* Figures thus marked are not included in computation of averages. 


Zero = 38-65 c.c. 


k’ x 107. 
3716 
3744 
3720 
3723 
3722 
3715 
3689 
3685 


Zero = 33-90 c.c. 


k’x 105. 
1278* 
1236 
1211 
1240 
1225 
1214 
1226 


1246 


Zero = 38-95 e.c. 


k’x 108. 
1298 
1195* 


1262 ° 


1272 
1270 
1243 
1293 


In all cases the acid was 


Ethyl iodide. 


N/40- 


Temp. 30°. Zero = 39-00 c.c. 


t(mins.). (a—2)ec.c. 2@. 

15 38-20 0-80 

60 36-00 3-00 
115 33-60 5-40 
180 31-20 7-80 
255 28-90 10-10 
360 26-06 12-94 
425 24-70 14-30 
465 23-70 15-30 


k’ (mean) = 0-001391 


k’ x 108. 
1396 
1389 
1397 
1389 
1375 
1379 
1367 
1389 


k=k’ x 400/39-00 = 0-01426 


isoPropyl iodide. 


Temp. 30°. Zero = 39-45 c.c. 


t(mins.). (a—x)ec.c. 2&. 


180 37-30 2-15 
380 35-05 4-40 
620 32-75 6-70 
860 30-80 8-65 
1160 28-65 10-80 
1520 26-30 13-15 
1960 24-00 15-45 
2260 22-75 16-70 


k’ (mean) = 0-0003268 


k’x 107. 
3202 
3304 
3300 
3265 
3248 
3290 
3284 
3248 


k=k’ x 400/39-45 = 0-003314 


isoButyl iodide. 


Temp. 60°. Zero = 34-30 c.c. 


t(mins.). (a—ax)e.c. &. 


6 32:20 2-10 

13 30-00 4-30 
20 28-20 6-10 
30 25-70 8-60 
40 23-85 10-45 
50 22-26 12-04 
60 20:70 13-60 
7 19-35 14-95 


k’ (mean) = 0-01093 
k =k’ x 400/34-30 = 0- 


3 uU* 


k’ x 105. 
1086 
1103 
1081 
1115 
1095 
1081 
1095 
1088 


1275 
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isoAmy]l iodide. 


Temp. 30°. 
#(mins.). (a—ax)ec.c. 2. 
120 38-30 0-85 
360 . 36-50 2-65 
770 33-95 5-20 
1140 31-90 7-25 
1620 29-60 9-55 
2200 27-20 11-95 
2820 25-05 14-10 
3160 24-05 15-10 


k’ (mean) = 0-0001983 
k =k’ x 400/39-15 = 0-002027 


Zero = 39-15 c.c. 

k’ x 107. 
1888 
2017 
1989 
1994 
1992 
1996 
1996 
1987 


n-Heptyl iodide. 


Zero = 38-95 c.c. 

kb’ x 10%. 
1247 
1260 
1263 
1260 
1252 
1262 
1252 
1268 


Temp. 40°. 
t(mins.). (a—ax)c.c. 2. 
40 37-10 
105 34-40 5é 
175 31-90 “0: 
260 29-35 9-60 
360 26-85 12-10 
470 24-45 14-50 
590 22-40 16-55 
710 20-50 18-45 


k’ (mean) = 0-001258 
k =k’ x 400/38-95 = 0-01292 


sec.-Octyl iodide. 


Zero = 39-00 c.c. 
k’ x 107. 


Temp. 30°. 

¢ (mins.). (a—2) c.c. 
75 37-80 
195 36-00 
395 33-40 
625 30-80 
900 28-10 
1255 25-60 
1648 23-05 
1880 21-60 


k’ (mean) = 0-0004247 
k =k’ x 400/39-00 = 0-004356 
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sec.-Hexyl iodide. 


Zero = 36-90 c.c, 

k’ x 108, 
5054 
4948 
4975 
4999 
4964 
4939 
4962 
5009 


Temp. 50°. 
t(mins.). (a—2)¢c.c. 2. 
15 34-30 2-60 
30 32-10 4-80 
45 30-15 6-75 
65 27-85 9-05 
85 25-95 10-95 
105 24-30 12-60 
135 22-10 14-80 
165 20-20 16-70 


k’ (mean) = 0-004986 
k =k’ x 400/36-90 = 0-05405 


n-Octyl iodide. 


Zero = 37-70 c.c. 
k’ x 108, 


Temp. 50°. 
t(mins.). (a—a)ec.c. 2@ 
35-78 ° 

33-55 , 

31-55 i 


9 3578 
E 3534 
li 3543 
3 3529 
6 


29-40 

27-10 1 
24-58 13-12 
22-05 15-65 
19-60 18-10 


> 


3556 
3558 
3549 
3551 


k’ (mean) = 0-003550 
k =k’ x 400/37-70 = 0-03767 


Hexadecyl iodide. 


Zero = 35-20 c.c. 

k’ x 108, 
10280* 
8620 
8692 
8702 
8574 
8620 
8600 
8624 


Temp. 60°. 
t(mins.). (a—x)c.c. &. 

33-45 

31-90 

29-55 

27-35 

25-40 

23-20 

20-85 

19-35 


0-008633 
400/35-20 = 0-09813 


k’ (mean) 
& = b’ > 


* Figures thus marked are not included in computation of averages. 


The further experiments demonstrating the effect of temperature 
on the velocity coefficient are summarised in the following table. 


Each experiment is duplicated. 
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Summary of Results Expressed as k x 10® at Various 


x 100 Temperatures. 
054 Todide. 0°. 20°. 30°. 
348 SEL cstconebhbnethimendeadebonbonbs 3844 51340 158900 
a 3828 51600 160100 
164 20°. 30°. 40°. 50°. 
139 Ethyl .......csecccccssccsccesscseceees 4143 14260 45560 137800 
~ 4140 14200 45560 136000 
9 
30°. 40°. 50°. 60°. 
eee RO 5599 17580 51240 144000 
05 5489 17870 51140 143000 
GIIIE  vcscisccicccssccscesiocsces 3314 10330 30430 82210 
3307 10380 30630 81300 
PINE dcccecianveccemianscccscnsenss 4012 13070 37750 102900 
4010 12880 37620 103300 
, POE sistas oiccncsegvonsedscnancene 5200 16350 48890 127500 
10°, 5215 16400 48910 128300 
~ I ices ceadcsnueseetinae 2027 7276 20960 51260 
13 7242 20820 51400 
9 DU ni cnctsnennesntesadenniven’ 576% 18320 54050 145700 
6 : 18280 54100 146300 
2 REND srecssenaterosseesiioniesiies 4007 12920 37740 ~=—-101400 
1 13030 37690 101800 
sénevecndccusnaescdescosoesess 12730 37670 98630 
: 12750 37730 —- 99600 
PERMIIN. ‘axsasscusdiaceenanbbanssoes 4356 13940 41370 113100 
13970 41210 112900 
Ree ee ere ee eer eee” 12750 36600 98130 
12780 36200 98400 
6, Liscussion of Results. 
4 The relationship between the reciprocal of the absolute temper- 
ature and the logarithm of the velocity constants is, with the exception 
! of isoamyl iodide, best expressed graphically as a straight line, 
whilst the results at the highest temperature gives values slightly 
below such a straight line. 
A simple relationship of this type can be represented by the 
equation 
log k, — log k, = A(1/T, — 1/7), 
where k, and k, are the velocities of reaction between an iodide 
and sodium benzyloxide at temperature 7’, and 7's, respectively. 
"e The results obtained by use of this equation are summarised in 


the following table, which shows the values for kag and keg calcul- 
ated from the values of kzg and k,»-, as compared with the results 
determined by direct experiment. 


3u*2 
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keyg: X 108 Kegge XK 108 Kegge X 108 — egg x 108 
(cale.). (obs. ). (cale.). (obs. ). 
5001* 5147* 
4577 4557 408-6* 414-3* 


1733 1772 - 15080 14450 
1276 1298 10470 10310 
1275 1285 10460 10140 
1274 1274 10460 9911 
1276 1276 9863 9826 
1041 1033 8390 8221 
1654 1637 13550 12790 
725-9 6030 5133 


sec.-Hexyl 1829 1830 14970 14600 
sec.-Octyl 1390 . 1395 11490 11300 


* Values of ky x 10°. 


Fig. 2. 
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180 220 
Molecular weight of the iodide. 


The above tabulation shows that results obtained at varying 
temperatures are satisfactorily expressed by such an equation; 
which is deduced on the basis of the quantum theory. 

By comparison of the velocity coefficients of the different iodides 
at the same temperature we can obtain values for the relative 
reactivity. 
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40°. 

1150 
100* 100* 
39-55 38-89 
28-18 28-48 
28-16 28-19 
n-Oct} 28-15 27-96 
Hexadecyl 29-11 28-00 
isoPropyl 23-19 22-67 
isoButyl 36-59 35-94 
isoAmyl 14-29 15-89 


40-53 40-16 
sec.-Octyl 30-59 30-61 


* Denotes standard of comparison. 


Fig. 3. 
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140 220 5 300 340 
Molecular weight of the iodide. 


The variation of relative reactivity, obtained on the basis of equal 
molecular entropy change, with molecular weight of the iodide. 


The relative reactivities at 50° in comparison with the molecular 
weight are shown in Fig. 2. The relative reactivity thus expressed 
varies somewhat with temperature. 

The diagrammatic representation of the product of the molecular 
weight and the velocity coefficient plotted against the molecular 
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weight of the iodide is shown in Fig. 4, but it does not seem 
possible to reduce these values to a simple general expression. 
Considering the case of two different iodides reacting inde. 
pendently with sodium benzyloxide, the variation of reactivity 
with temperature can be expressed by the equation k = kge-4it 
where A/7' = molecular entropy change in any given case in 
passing from the inactive to the active form. If the velocity 
coefficients for the reactions for the two iodides under the con. 


Fic. 4. 


tp —-flov. Wy « Vet. CoerA 


= Mor.Wrior Acwyi RApicce 
-______] = Ve, Cogent} eneiil 


— 
~ 
— 


> 
a 


> 
— 


> 
rs 


Molecular weight x velocity coefficient (30°). 


2 
bo 


~ 
oO 
—) 
oO 
~ 
s 
a 
YL 
is} 
— 
~ 
> 
=} 
is) 
~ 
» 
~ 
> 4 
x 
~ 
& 
a~) 
8 
x 
nm 
> 
~ 
~ 
S 
> 
= 
= 
> 
» 
2 
x 
is 
~ 
3 
=) 
vx 
nm 
= 


220 
Molecular weight. 


dition of equal molecular entropy change are compared, A’/7” — 
A” /T” = O, and therefore k’/k’’ = kg’ /ko’’. If the temperature is 
chosen to satisfy this condition, the relative activity is expressed 
as the ratio of the constants k’) and ky, which are independent 
of temperature. It is clear also that the ratio k/ky is the ratio of 
the velocity coefficient to the maximum velocity constant under 
the hypothetical condition of infinite temperature. In the case 
of two unimolecular reactions, this reduces to the simple result 
that the relative activity thus expressed is the ratio of the “in 


Meth 


Ethy 


n-Pr 


n-Bi 


n-Hi 


n-O 


Methyl ... 


Ethyl...... 


n-Propyl 


n-Butyl 


n-Heptyl 


n-Octyl 


ET ne Pe CGCIYy Coehicient (30°) 


isoPropyl 


isoButyl 


isoAmyl 


sec,-Hexyl 


sec.-Octyl 


in column 


Hexadecyl 


Iodide. 


six. 


trinsic velocity coefficients ” 
in the active state. 


A (mean). 


4510 


4793 


4765 


4716 


4703 


4624 


4695 


4683 


4695 


4731 


A/T 


when the whole of the substances are 
Also, the temperatures of equal molecular 
entropy change are the temperatures at which the ‘ degree of 
activation ’’ of the substances is the same. 
apply to the bimolecular reaction under consideration is shown by 
the following results. 
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5-25 
5-00 
14-75 
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T (cale.). 


295-8° 
300-7 
305-8 


314-4 
319-6 
324-9 


312-5 
317-7 
325-0 
310-7 
315-8 
321-1 


309-2 
314-4 
319-7 
308-6 
313-5 
318-8 


303-3 
308-2 
313-4 
308-0 
313-0 
318-4 
307-1 
312-1 


317-5 


308-0 
313-0 
318-4 


310-3 
315-4 
320-7 
311-6 
316-6 
322-1 


That these conclusions 


Vel. 

coeff. 
x 108 
at 7° 


(cale.). 


7216 
12690 
22390 


5274 
9354 
16960 
1665 
2951 
5284 
998-3 
1752 
3155 
836-6 
1496 
2667 
763-8 
1337 
2388 
421-7 
746-4 
1327 
588-8 
1033 
1878 
843-3 
1488 
2685 
397-2 
729-5 
1326 
1358 
2399 
4325 
1175 
2032 
3698 


Rel. 
react. 
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The independence of temperature of the relative reactivity is clearly shown 


If we consider the variation of relative reactivity of the normal 
iodides studied, deduced on the basis of equal molecular entropy 


Mean 
rel. 
react. 


71-87 


53-6 


16-83 


10-00 


8-49 


4-10 
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change as defined above, with molecular weight, we obtain a con. 


tinuous curve (Fig. 3) which can be expressed by the general 
equation 
ay” + bm? + cmy + dm + ey = 1, 
where y is the relative reactivity and m the molecular weight. The 
constants have the values, a = — 0-0,5907; 6b = — 0-0, 6926; 
c= — 0-0, 2030; d= + 0-02448; e = + 0-1023. This gives the 
value for the relative reactivity 
— 20-517n + 51-87 + (403-7922 — 1666n + 1754-2)!, 

where » equals the number of methylene groups present in the 
iodide. 

The experimental results obtained and the values calculated by 
aid of the above relationship are compared in the following table: 


Relative reactivity. 


Iodide. Obs. Cale. 
RON thine ccnigiecistindeiisuntaain 7187 93-75 
NE cacy cinan SAuueicsbawiaweasumnne 53-60 53-53 
RIE | dcasiasocansedepsgantonsee 16-83 16-94 
IE Hide vunavisvekcinesdeeecocsecs 10-00 10-04 
MEINE. Sistiedeuisncciseubonddidens 8-52 8-12 
MEE - saheiiccivassdeausneedeessuives 7-64 7-74 
PIE oS ssbedicneiachaiitisecicsets 4-25 4-12 


With the exception of methyl iodide there appears to be good 
agreement. 


Summary. 


(1) The reaction between the alkyl iodides and sodium benzyl- 
oxide in ethyl-alcoholic solution is a bimolecular one of a special 
type in which the velocity of reaction is dependent on initial 
concentration. 

(2) The presence of an excess of benzyl alcohol decreases the 
velocity coefficient, whilst a trace of water gives a slightly increased 
coefficient. 

(3) The velocity of reaction increases with dilution, and the 
equation k,, — k,, = a log v,/v, holds good for ethyl and n-propyl 
iodides up to at least dilution v = 10. 

(4) The temperature coefficients of the reaction of alkyl iodides 
with sodium benzyloxide in alcoholic solution are large; the ratios 
of the velocity coefficients for two temperatures differing by 10° 
are fairly constant for the series and lie between 3-04 and 3-08 
approximately. 

(5) The coefficients found for the three lower temperatures are 
in close agreement with the equation 


log k, — log k, = A(1/T, — 1/7). 
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In the case of the highest temperature, the values are found to be 
dightly less than those required by the formula. 

(6) The relative reactivities of the alkyl iodides with sodium 
penzyloxide in alcoholic solution are not completely independent 
of temperature, in the case of hexadecyl iodide the value crossing 
the value of the other iodides at the highest temperatures (Segaller’s 
results show the same change). 

(7) By comparison of velocity coefficients of the various alkyl 
iodides at the same temperature, results are obtained in fair agree- 
ment with previous investigations, for example, those of Hecht, 
Conrad, and Segaller. The values for methyl iodide do not agree 
with those of Segaller, neither do they support the anomalous 
reactivity of methyl iodide described by Burke and Donnan. 

(8) The relative reactivities of the alkyl iodides studied are most 
conveniently expressed by comparison of their velocity coefficient 
under conditions of equal molecular entropy change. 
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al CCXXIX.—The Constitution of the Disaccharides. 

Part VI. The Biose of Amygdalin. 

e 

d By Watrer Norman Hawortn and Grace CuMMING LEITCH. 
SincE the classical researches of Liebig and Wéhler on amygdalin 

, and ‘‘ oil of bitter almonds” (Annalen, 1837, 22, 1), there have 

been repeated attempts to establish the structure of the sugar 


residue associated with mandelonitrile in this natural glucoside. 
It has been the endeavour of the present authors to elucidate 
this problem by the application of a method, described in earlier 
papers in this series, which has proved efficacious for determining 
the constitution of other disaccharides. 

Liebig and Wohler observed that alkalis hydrolyse the nitrile 
group of amygdalin to carboxyl with liberation of ammonia and 
formation of amygdalinic acid, C,H,-CH(CO,H)-O-C,,H,,0;9. This 
transformation has been shown by Dakin (T., 1904, 85, 1512) to 
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be accompanied by racemisation of the mandelic acid complex, 
the sugar residue being unaffected. With cognisance of these 
facts, this investigation was initiated by subjecting amygdalin to 
the methylating action of methyl sulphate in the presence of sodiun 
hydroxide on the general lines previously indicated by the present 
authors. 

Concurrently with the formation of amygdalinic acid by contact 
of the amygdalin with alkali, each of the exposed hydroxy] positions 
of the biose residue received a protecting methyl group, and the 
carboxyl group was also esterified. The product of this reaction 
was a new crystalline compound, namely, the methyl ester of 
heptamethyl amygdalinic acid (V), having [«}}} —51-7° in ethyl 
alcohol. 

Graded scission of this compound by dilute acid led to the isolation 
of three cleavage products, one recognisable as dl-mandelic acid, 
whilst the biose was represented by two partly methylated hexoses. 
With comparative ease, it was demonstrated that one of these 
hexose derivatives was tetramethyl glucose of the usual butylene 
oxide form (VI); the chief difficulty lay, however, in establishing 
the structure of the remaining hexose, which, on analysis, corre- 
sponded with a trimethyl glucose. That the latter was definitely 
a glucose of the butylene oxide form was shown by its ready con- 
version into the crystalline tetramethyl glucose which is the standard 
reference compound in this series. Precise allocation of positions 
to the methoxyl and free hydroxyl groups in this trimethyl glucose 
was thus the outstanding problem, since the exposed hydroxy! 
groups represent positions newly disengaged from the previous 
linking in the biose itself and also from its union with the aromatic 
complex. 

There are four possible formule for such a trimethyl glucose; 
one of the four compounds is crystalline and has already been 
isolated from methylated lactose and cellobiose (T., 1921, 119, 
200). But the trimethyl sugar in the present case was a viscid 
liquid, which did not crystallise on nucleation with the crystalline 
variety. Application of Fischer’s method of glucoside formation 
gave, however, a crystalline trimethyl 8-methylglucoside melting 
at 94-5° and distilling at 109°/0-06 mm. Hydrolysis with dilute 
acid regenerated the free sugar. Oxidation of this with dilute 
nitric acid led to the isolation of a product which furnished an 
important clue to its constitution. The trimethyl glucose was 
quickly oxidised to a dibasic acid, showing that the two terminal 
positions in the hexose chain were unoccupied by methyl groups, 
and this acid was converted into the corresponding lactone of 
trimethyl saccharic acid (IIT). 


mpley, 

these 
alin to 
odium 
resent 


ntact 
‘itions 
d the 
ction 
er of 
ethy! 


ation 
acid, 
oses, 
hese 
lene 
hing 
rre- 
tely 
‘On- 
ard 
ons 
ose 
xyl 
Us 
tic 


THE CONSTITUTION OF THE DISACCHARIDES. PART VI. 1923 


_CH-OH CH,-OH —CHOH — —CO 
| (H-OH CH-OH 6 CHOMe 4 CH-OMe 
) HOH = |-—CH | (‘H-OMe (H-OMe 
CH CH-OH —CH —(H 
(HOH =| CH-OH CH-OMe CH-OMe 
On GH,-OH (:0-O0H 


Biose of amygdalin. (IL.) (IIT.) 


(I.) 


This last-named compound had already been encountered during 
our earlier investigation on maltose (Haworth and Leitch, T., 1919, 
115, 809), and such a lactone could only have been produced by 
oxidation of a trimethyl sugar of the constitution II. The evidence 
here adduced, together with the facts enumerated in the following 
paragraph, serves to assign the formula I to the biose of amygdalin, 
which, apart from the stereochemical reservations, is structurally 
identical with maltose. 

Complementary evidence is needed to support the view that the 
amygdalin-biose belongs to the series of reducing sugars. Giaja 
(Compt. rend., 1910, 150, 793) claims that the sugar is of the non- 
reducing type like trehalose. If this observation be correct, then 
the mandelonitrile glucoside (prunasin), obtained by Fischer (Ber., 
1895, 28, 1508) from amygdalin by graded enzyme action, must 
contain a free reducing group in the sugar residue. But Fischer 
states that this compound does not reduce Fehling’s solution. 
Moreover, Fischer and Bergmann (Ber., 1917, 50, 1051) have 
recently synthesised the stereoisomeride of prunasin, namely, 
sambunigrin, by a series of steps which exclude the possibility of 
a free reducing group remaining in the glucoside. 

The complete formulation of amygdalin may then be given (IV), 
and the following scheme shows the stages by which the proof has 
been developed in the course of the present work :— 


-CH—-O-C 'H, “C _— O—C 'H, 
! ( H-OH CH: OH o$ CH: OMe CH: OMe 
CH-OH -CH ete: | CH-OMe -C H 
~CH CH-OH ~CH ( ‘H-OMe 
CH-OH | CH-OH CH: OMe | CH: OMe 
CO-OMe 


CH,-OH -CH-O-CH(CN)-C,H, CH,OMe -CH- O-CH<G 
5 


Amygdalin (IV.) Heptamethyl amygdalinic methyl 
ester (V.) 
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—CH-OH CH,-OH CO-OH 
‘ CH-OMe CH-OMe CH-OMe 
_ CH-OMe —CH —CH 
> —CH i CH-OMe —* 6 GH-OMe 
CH-OMe | CH-OMe | CH-OMe 
CH,-OMe —CH-OH —CO 
Tetramethyl glucose. Trimethyl glucose. Monolactone of trimethyl 
(VI.) (II.) saccharic acid. 
(III.) 


The disaccharide of amygdalin has therefore the structure of 
maltose and quite definitely cannot be cellobiose. For the stereo. 
chemical formulation of this maltose structure we are dependent 
on the researches of other workers on the selective action of enzymes, 
and here the results, if not conflicting, are certainly anomalous. 
Their results favour the view that the amygdalin-biose is a glucose 
a-glucoside. We have shown that this has the structure of maltose 
and therefore, on this reasoning, the biose itself must be maltose 
and amygdalin is mandelonitrile 8-maltoside (that is, mandelonitrile 
B-glucose «-glucoside). On the other hand, amygdalin is com- 
pletely hydrolysed, not by maltase, but by emulsin; but it is 
explained that the specific action usually attributable to emulsin 
is operative here at the §$-linking adjoining the aromatic residue. 
The cleavage of the biose into glucose is said to be the function of 
amygdalase present also in emulsin, but not responsible for the 
hydrolysis of 6-glucosides. 

The conclusion we have definitely drawn assigning to the biose 
of amygdalin the same structural formula as maltose is contrary to 
the anticipated result, having regard to the statements of other 
recent workers based on studies of enzyme action and rate of 
hydrolysis. Should it ultimately be the case that the stereo- 
chemical representation of the biose is found to be that of a glucose- 
8-glucoside, this cannot, of course, affect the structural formula 
we have herein ascribed to the sugar, but it may point to the identity 
of the amygdalin-biose with isomaltose or gentiobiose. Up to the 
present, the structural formule of these last two disaccharides have 
not been determined, although their investigation is proceeding in 
these laboratories. 


EXPERIMENTAL. 
Methylation of Amygdalin. Isolation of the Methyl Ester of 
Heptamethyl Amygdalinic Acid. 


The amygdalin required for the present work was extracted 
with hot alcohol from bitter almond meal and was obtained after 
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recrystallisation from ethyl alcohol as colourless prisms melting 
at 215° and showing [«], — 39-8° in aqueous solution (¢ = 1-54). 

Amygdalin (25 grams) was dissolved in the minimum volume of 
water and methylated by the general method described by one of 
us (T., 1915, 107, 11), using 50 grams of sodium hydroxide dis- 
solved in 160 c.c. of water, and 71 grams of methyl sulphate. The 
reaction was conducted at 70° during two and a half hours and was 
accompanied by a good deal of frothing, due to the elimination of 
ammonia. Thereafter the temperature was raised to 100° for 
three-quarters of an hour. At this stage of the operations, it 
was clear that, whilst partial methylation of the sugar residue had 
occurred, the nitrile group had simultaneously undergone hydrolysis 
to carboxyl by the agency of the alkali; consequently the product 
was in the form of a sodium salt of methylated amygdalinic acid. 
To the clear aqueous solution an exactly sufficient quantity of 
dilute sulphuric acid was added to liberate the organic acid from 
its salt. Excess of mineral acid was carefully avoided. Much of 
the sodium sulphate was removed from solution by means of 
alcohol, and the filtrate carefully concentrated under diminished 
pressure until only a viscous gum remained containing some sodium 
sulphate. The methylation was repeated with this product, using 
the same quantity of each reagent as before. At the end of this 
second methylation the aqueous solution was cooled, acidified with 
dilute sulphuric acid, and the pale yellow oil which now appeared 
on the surface extracted with chloroform. On the removal of the 
solvent, a yellow syrup remained which was acid and weighed 
19 grams (Found : OMe = 30-2 per cent.). 

A further quantity of the product may be recovered from the 
aqueous solution on concentration. The partly methylated 
amygdalinic acid was digested with silver oxide (25 grams) and 
methyl iodide (40 grams). From this further methylation, which 
was again repeated, a pale yellow, viscid syrup was isolated by 
the usual procedure. This was dried in a vacuum at 120° and 
gave OMe = 39-8 per cent. 

It was interesting to find that this product, which no longer 
showed an acid reaction, distilled smoothly under 0-02 mm. from 
a metal-bath heated at 270°. The colourless distillate, which was 
viscid, partly crystallised on keeping. On recrystallisation from 
light petroleum, the whole of the distillate appeared as minute, 
colourless needles melting at 91°. Later, it was found possible to 
isolate this crystalline product from the crude syrup without dis- 
tillation (Found: C = 57-01; H = 7-51; OMe = 40-8. C,.H4,0,, 
requires C = 57-14; H = 7-48; OMe = 42-2 per cent.). 

These analytical data correspond with those required for methyl 
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heptamethylamygdalinate and show that the disaccharide residue ba 
is retained in this compound, the seven available hydroxyl groups oni 
of which are protected by methyl groups. Further methylation ore 
failed to introduce a greater number of methyl residues. The lete 
specific rotation of this substance in different solvents is given P 
below :— 
Solvent. c 7. Is 
PE INI dnscsccdcrcanccdectdetccciséadiececes 2 — 49-3° 
Absolute ethyl alcohol — .................0c0e00s 2 — 51-7 
GRIOEEED cssctanenncsoncscssiwecesenenesshesssnseeness 2 — 50-8 Th 
* Water (containing 20 per cent. of ethyl _ nee carbs 
IID: .heiitadesebsarcrsindasepsmcbanaaruaneades 0-7 — 55-7 
* The compound is sparingly soluble in water. “ 
Hydrolysis of the Methyl Ester of Heptamethylamygdalinic Acid. com 
Comparative experiments with various concentrations of mineral net 
acids indicated that the most satisfactory result was obtained by 9° 
using 5 per cent. aqueous hydrochloric acid at 95°. “e 
The material undergoing hydrolysis was initially sparingly 9" 
soluble in aqueous acids. Preliminary attempts were therefore ay 
made to effect hydrolysis with 5 per cent. hydrochloric acid in ver 
30 per cent. aqueous alcohol. The boiling point of this mixed nel 
solvent was found to be too low to effect complete hydrolysis; a ia 
very slight change occurred in the polarimetric readings during dep 
four hours, the original value, [x], — 55°, falling only to [a], §°" 
— 32°. A larger proportion of the material was dissolved in Be 


8 per cent. aqueous hydrochloric acid containing 20 per cent. of 


alcohol, and hydrolysis was complete in one and three-quarters Fu 
hours, the final specific rotation being + 56°. Again, with 16 per "8 
cent. aqueous acid, digestion for half an hour showed a change zi 
. ° ° “Hh 
from [«], — 56° to + 44°, but in the latter two cases slight darkening 9” 
of the solution occurred. On the other hand, much more dilute 2 
hydrochloric acid (1-5 per cent. aqueous) required a prolonged ‘+ 
digestion at 100° to change the initial value to [a], + 25°, and e 
in this experiment one-third of the original material, having remained 
undissolved, was recovered unchanged. rs 
The following are the figures recorded in a typical experiment “ 
conducted with 10 grams of methylated amygdalinic ester, using h 
in this case 5 per cent. aqueous hydrochloric acid at 95° for seven §~" 
hours :— ” 
Corrected values for Corrected values for 
Time in [a], for quantity of Time in [a], for quantity of Ms 
hours. {a],- substance dissolved. hours: [a],. substance dissolved til 
0-5 —1-9° — 2-9° 5-0 27-6° 42-5° di 
10  +7-4 +11-4 6-5 47-9 73-7 , 
1-5 14-8 22-8 7-0 constant re 
2-0 32:{ 


(c= 1-35) 
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In this experiment approximately 3-5 grams of the original 
material were recovered unchanged, and this was used in a subse- 
quent hydrolysis. Later, it was found that the addition of a little 
acetone aided dissolution in the initial stages, and led to the com- 
plete hydrolysis of the whole of the material in one experiment. 


Isolation of dl-Mandelic Acid and Tetramethyl and Trimethyl 
Glucoses. 


The acid solution, after hydrolysis, was neutralised with barium 
carbonate, filtered, and concentrated under diminished pressure 
at 40°, the mineral salts being removed from time to time by the 
addition of alcohol. An agglutinous solid residue remained on 
complete evaporation of the solvent. Trituration of this cake of 
material with chloroform separated the product into two parts: 
a solid, which was found to be barium mandelate, and a chloro- 
form solution of methylated hexoses. Solution of the white solid 
in dilute hydrochloric acid, followed by extraction with ether, led 
to the isolation of free mandelic acid which, after recrystallisation 
from benzene, appeared in the form of large, colourless prisms 
melting at 116—118°, and was optically inactive. A mixture of 
this product with authentic dl-mandelic acid (m. p. 118°) showed no 
depression of the melting point (Found: C = 62-75; H = 5-22 per 
cent.). 

Racemisation of the mandelic acid residue had therefore occurred 
during the preceding operations (compare Dakin, loc. cit.). 

The chloroform extract yielded a colourless syrup, which was 
digested repeatedly with light petroleum. This treatment effected 
separation into two approximately equal portions and, from this 
wlvent, crystals melting at 84° were isolated, whilst the insoluble 
portion remained as a viscid liquid. Purification of the crystals 
from light petroleum containing a trace of ethyl acetate yielded 
acompound melting at 89°, and this showed all the properties of 
butylene-oxidic tetramethyl glucose. A mixed melting-point de- 
termination with an authentic specimen along with the analytical 
and polarimetric data confirmed its identity (Found: C = 50-76; 
H= 8-6; OMe = 51-39 per cent.). A specific rotation in water 
showed the value [«], + 88-3°, falling after catalysis to the recog- 
nised equilibrium value, [«], -+ 83-2°. 

Remaining from the extraction with light petroleum was the 
insoluble portion of viscid liquid, which was subjected to dis- 
tillation in a high vacuum, when it was found that this substance 
distilled at 155—170°/0-2mm. A methoxyl estimation gave 
results indicating that this substance was essentially a trimethyl 
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hexose containing, however, some trimethyl glucosan (Found: 
OMe = 43-8 per cent.). 

Accordingly, the whole of the distillate was digested for forty. 
eight hours at 114° in a sealed vessel with 0-5 per cent. methyl. 
alcoholic hydrogen chloride. Thereafter, neutralisation with silver 
carbonate and evaporation gave rise to a colourless liquid which 
distilled smoothly at 111°/0-07 mm. and showed [a], + 93-9 
(c = 3:3) in aqueous solution, and », 14594. This compound 
was unaffected by boiling with Fehling’s solution (Found: (= 
50:72; H=85; OMe = 51-6. CypH 0, requires C = 50-84; 
H = 8-47; OMe = 52-5 per cent.). 

The boiling point and specific rotation indicated that this tri. 
methyl methylglucoside was a mixture of «- and 6-forms (compare 
Irvine and Oldham, T., 1921, 119, 1758; Haworth, T., 1915, 107, 
13). On hydrolysis with 2-5 per cent. aqueous hydrochloric acid 
at 95°, another specimen of the glucoside was transformed into the 
free sugar, and during this process the following polarimetric data 
were recorded :— 

Time (mins.) 0 60 120 3 330 380 


85-3° 82-7° 3+ f 4-3° 71-9° 71-3° 
(c=5) constant 


Following isolation in the usual way, the free trimethyl glucose 
readily reduced Fehling’s solution and showed », 1-4678 for the 


dried syrup. 

On another occasion, the portion of the material representing the 
trimethyl hexose was digested for twelve hours at 110° with 0-5 per 
cent. methyl-alcoholic hydrogen chloride, following throughout 
the conditions established by Fischer for glucoside formation. 
Isolation of the product by the usual method gave a colourless 
liquid, distilling at 109°/0-06 mm., which soon crystallised. Puri- 
fication from light petroleum gave colourless needles, melting at 
94-5°, representing the pure trimethyl @-methylglucoside as distinct 
from the mixture of «- and §-stereoisomerides described in the 
preceding paragraphs. This was identical in all respects with the 
compound isolated by Irvine and Oldham (loc. cit.), although the 
melting point was slightly higher. On hydrolysis with 8 per cent. 
aqueous hydrochloric acid for half an hour, the free trimethyl glucose 
was regenerated. 

When the trimethyl methylglucoside was subjected to further 
methylation by Purdie’s reagents, a fifth methyl group was intro- 
duced. Hydrolysis of this product gave rise to the crystalline 
tetramethyl glucose of the usual butylene oxide form. Proof was 
thus furnished as to the oxide linking in the trimethyl glucose, 
which is definitely butylene-oxidic. 


L. 
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Oxidation of Trimethyl Glucose. 


This sugar, obtained from the hydrolysis of its glucoside as 
described in the previous section, was oxidised with dilute nitric 
acid (d 1-2) by heating for six and a half hours at 68°. The usual 
methods for the removal of the nitric acid and water having been 


, forty. 
nethyl. 
1 Silver 

which 


Bre: applied, the residue was dried in a high vacuum, when a pale yellow 
- ¢_ ff syrup remained (Found: C = 46-08; H = 6-28; OMe = 40-1. 
50-84: (jH 497 requires C = 46:15; H = 5-98; OMe = 39-7 per cent.). 
On titration with N/10-alkali, the compound showed at first 
is tr. g the behaviour of an organic acid, and latterly of a lactone. By 
mpare heating for a few minutes with excess of alkali, followed by neutral- 
, 107, isation with N/10-acid, it was observed that 0-1242 gram of the 


substance required 10-47 c.c. of N/10-sodium hydroxide, whilst the 
monolactone of trimethyl saccharic acid (CgH,,0;) requires 10-6 c.c. 
(compare Haworth and Leitch, loc. cit.). The specific rotation of 
this monolactone in 50 per cent. aqueous ethyl alcohol showed 
+ 69-2° initially, falling to + 51-2° after one hundred hours. 
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the CCX XX.—-Amylases of the Cereal Grains—The 
nt. ** Insoluble”> Amylase of Barley. 
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By Juuian Levert Baker and Henry Francis EveERARD HULTON. 


In previous papers (Baker, T., 1902,'77, 1177: Baker and Hulton, 
ibid., 1921, 119, 805), the differences in the character of the amylase 
in some ungerminated and germinated cereals were described. 
One fundamental distinction is the production of maltose and 
a-amylodextrin possessing a blue iodine reaction when the amylase 
of ungerminated cereals is allowed to act on gelatinised starch, 
whereas a germinated cereal produces, under similar conditions, 
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maltose and a series of dextrins of decreasing molecular complexity 
which do not react with iodine. 

For some years past it has been recognised that ungerminated 
cereals contain more amylase than is yielded by aqueous extrac. 
tion in the cold, and Ford and Guthrie (J. Inst. Brewing, 1908, 
14, 61) elaborated this point by showing that an enhanced degree of 
amylolytic activity of barley could be rendered evident by one or 
all of the following methods : (a) Allowing the solid barley substance 
instead of its aqueous extract to act on starch, (b) autodigestion: 
that is, the preparation of the aqueous extract for a prolonged time 
at a temperature of 30°, (c) the addition to the barley during such 
autodigestion of certain salts and proteins, (d) the addition to 
the barley during autodigestion of the active proteolytic enzyme 
papain. The filtrates obtained from these digestions were allowed 
to act on soluble starch at 40° for one hour under conditions pre. 
cluding the formation of more than 35 per cent. of maltose by weight 
of the starch employed (Kjeldahl, Compt. rend. Trav. Lab., Carls. 
berg, 1879, 1, 109) and the weight of maltose so formed was taken 
as a measure of the amount of amylase present. These workers 
concluded that the increases in amylolytic activity obtained by the 
use of papain were due to liberation and solution of the colloidal 
enzyme and to its protection from destruction in an aqueous 
medium. When ungerminated barley is treated with saline or 
other solutions, the complex protein groups decompose or disso- 
ciate to some extent, the active amylase being liberated. Should, 
however, there be an insufficient amount of amphoteric substances 
(proteins and salts) present, such amylase is gradually destroyed 
to a degree dependent on the hydrogen-ion concentration of the 
medium and the duration of the exposure. 

Throughout Ford and Guthrie’s work, the activating effect of 
autodigestion, papain, etc., was studied upon the entire barley 
material, which, of course, contained water-soluble amylase. Any 
increase in amylolytic activity so observed would therefore include 
the effect of such treatment on this soluble amylase as well as that 
caused by any production, protection, or liberation of otherwise 
insoluble amylase. 

At this point, it will be convenient to refer to some work we 
published (Rep. Brit. Assoc., 1909) on the action of the enzymes of 
malt on ungerminated barley. We showed there was an increase 
in the diastatic activity of barley when digested in an aqueous 
medium with malt, and gave reasons for our belief that this could be 
accounted for by the presence of a proteolytic enzyme in the malt. 
It was hoped a continuation of the work might be the means of 
throwing further light on some of the problems associated with 
germination, 
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The use of malt as a source of the proteolytic enzyme has its 


plexity 
disadvantages, since it is always accompanied by malt amylase 


inated and therefore involves the complication of control conversions, 
Xtrac. whereas the employment of a preparation of papain—which we 
1908, have assured ourselves is entirely free from amylase—avoids these. 
ree of | The remainder of the work to be described has accordingly been 
me or M carried out with papain. 

‘tance Since Ford and Guthrie (loc. cit.) have shown that an active 
tion: amylase is liberated from barley by papain, we thought it possible 
time § that the mechanism of the production of amylase in germinating 
such ff barley might be further elucidated by allowing papain to act, not 
nm to # on the entire barley, but on barley which had been successively 
zyme treated with suitable solvents in order to effect the elimination 
owed fF of the different proteins. By such means it was hoped to identify 
pre- the particular protein group associated with the amylase liberated 
ight be papain. We accordingly autodigested barley first with water, 
arls. thereby extracting the albumins and soluble amylase, the residue 


was next extracted with 10 per cent. sodium chloride solution to 
remove the globulin edestin, and a final extraction with 75 per cent. 
alcohol eliminated hordein. Portions of these three residues were 
suspended in water, and further autodigested alone or with the 
addition of papain, the mixtures being kept at 30—33° for twenty 
hours in presence of a little toluene. A portion of the filtrate was 
then allowed to act on soluble starch for one hour at 40° and the 
amount of maltose so produced determined. The experimental 
evidence cited below shows that papain can liberate amylase from 
the water-extracted residue, and to a very slight extent from the 
residue after salt extraction (globulin-free material), whilst that 
portion from which hordein had been removed by alcohol showed 
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of no such activity. 
ley 
ay EXPERIMENTAL. 
de Finely ground barley which had a diastatic activity of 22° 
at Lintner was extracted for twenty-four hours with water containing 
se alittle toluene at air temperature, pumped dry, and again extracted 
for another twenty-four hours with water at 35° (autodigestion). 
ve This residue, which contained 54 per cent. of moisture, had a Lint- 
of ner value of only 022° on dry matter, thus showing that practically 
e all (99 per cent.) the soluble amylase had been removed. Before 
IS proceeding with the examination of this residue by extraction with 
e salt and alcohol, a starch conversion was made to determine the 
. general character of the amylase liberated when barley so extracted 
f was submitted to digestion with papain. A portion was accord- 
ingly digested with 10 per cent. of its weight of papain for two hours 


at 37° in the presence of water; 200 c.c. of 2 per cent. soluble 
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starch were added to it and the conversion allowed to proceed for 
one hour at 21°. The reducing power in terms of maltose per 
100 grams of starch was 50 per cent., the iodine reaction being blue, 
When fractionated with alcohol in the usual manner, crystallisable 
maltose and a-amylodextrin were readily isolated in a state of 
purity. The newly liberated amylase responsible for this con. 
version is thus clearly of the barley type; it does not liquefy 
starch paste, and in no way resembles the characteristic enzyme 
produced when barley is germinated. Even when the time of 
digestion with papain was extended from two hours to four days, 
an identical type of conversion resulted. 

Having shown that by such treatment a notable quantity of 
amylase is liberated, it was decided to continue the investiga. 
tion on a quantitative basis by submitting the residues from the 
various extractions (water, salt, alcohol) to the test of maltose pro- 
duction under strictly defined conditions, and for this purpose 
those described by Ford and Guthrie (loc. cit.) were adopted, namely, 
the measurement of the maltose produced from excess of soluble 
starch for one hour at 40°, the results being recorded as grams of 
maltose per gram of dry barley. 

Grams of maltose produced per gram of dry material. 

(1) (2) (3) (4) 

Residue after 

aqueous ex- Material as Material as 

traction incol. 2 after in col. 2 after 

under auto- extraction extraction 

Original digestion with 75% with 10% 

Treatment. barley. conditions. alcohol. NaCl. 


Autodigestion with water 

20 hours at 33° 2-02 0 0-16 
Autodigestion with the 

addition of papain ... . 4-31 0 0-83 

Ten grams of the material after successive extractions with water, 
sodium chloride, and alcohol in the manner described were digested 
with (a) 125 c.c. of water, (6) 125 c.c. of water containing 0°3 gram 
of papain, for twenty hours at 33° in the presence of toluene. The 
digests were then filtered and a suitable volume was added to 
70 c.c. of water containing 2 grams of dry soluble starch in solution. 
The conversions were maintained at 40° for one hour, at the end 
of which time the reaction was stopped by dilute soda, the whole 
cooled, made up to 100 ¢c.c., and the maltose estimated by the use 
of Fehling’s solution. From this figure was calculated the weight 
of maltose formed per gram of dry material. In all cases, the 
volume of the digest added to the soluble starch solution was so 
arranged that the reducing power did not exceed 25 per cent. of 
maltose on the starch used. It is only by taking such precautions 
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that the maltose produced becomes a true measure of the amount 
of amylase present. For purposes of comparison, the original 
barley used has been included in the table. Corrections were neces- 
sary for the reducing action of the papain and of the sugars in the 
barley. 

These results show that barley previously submitted to a pro- 
longed autodigestion in water (col. 2) is capable of yielding a further 
quantity of soluble amylase if it be again digested either with 
water alone or with papain, and it is probable that the liberation 
of amylase under such conditions would be continuous until all of 
itis removed. The effect of papain is very marked, the increased 
amount of amylase liberated exceeding twice that yielded by 
autodigestion alone. 

A further point brought out is that no amylase can be liberated 
in a material from which the hordein fraction has been removed, 
and, in view of this, it might be anticipated that it is mainly from 
this protein group that papain-liberated amylase arises. Attempts 
to produce liberation of amylase by means of papain from a prepara- 
tion of hordein itself made from barley were unsuccessful—a result 
in agreement with a similar attempt by Ford and Guthrie (loc. cit.), 
but we differ from these workers with regard to the behaviour of 
the hordein-free barley residue left after alcohol extraction, for 
they recorded a considerable amylolytic activity from such material 
on treatment with papain. It is possible, however, that the cause 
of the discrepancy is to be found in the fact that our material was 
extracted with water before treatment with alcohol, whereas Ford 
and Guthrie’s barley was apparently extracted direct with alcohol 
only, and thus some amylase soluble in water but not in alcohol 
may have been left behind to function as the source of the 
papain-activated enzyme they found. 

It appeared to us likely that this question might be attacked from 
a slightly different standpoint with the view of determining whether 
the amylolytic activity rendered available by the use of papain was 
really present in the barley substance all the time but in the form 
of an insoluble zymogen or enzyme-complex which the papain 
broke down, or whether such additional amylase was an actual 
cleavage-product of some protein liberated by the proteolytic 
action of the papain. If the former is the truth, then it would 
appear probable that papain would produce no amylase if the 
original barley were previously heated so as to destroy any exist- 
ing enzyme before the digestion with papain, whereas if the new 
amylase is in truth a function of some proteolytic cleavage product, 
then it should be possible to produce it by acting on “ dead ” or 
heated barley protein. An experiment to test this point was made 
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by acting on boiled or heated (120°) barley with papain under 
autodigestion conditions. The results, however, were negative 
and therefore it must be concluded that when amylase is liberated 
by papain the enzyme was pre-existent in the barley as a complex 
which was broken down by proteolytic action. 

The conception of amylase as a cleavage-product formed as the 
result of proteolytic action on a non-amylolytic substrate is an 
attractive one, and does not seem to have been directly suggested 
by Ford and Guthrie, who lean more to the “ protective” and 
“liberation of occluded enzyme” views of papain action, but in 
view of this last experiment together with our failure to obtain 
amylase by the action of papain on hordein, it would seem neces. 
sary to abandon it, and we must fall back on Ford’s alternative 
hypothesis that the appearance of additional amylase when papain 
is employed is due to the proteolytic breaking-down of some com. 
plex formed by amylase with a protein substance. In any case 
so far as we have found, such liberated amylase is always and only 
of the barley type, which fact unfortunately throws no light on 
the appearance during the germination of barley of the character. 
istic malt amylase with its strong liquefying action towards starch 
paste, together with the non-production of the «-amylodextrin with 
its blue iodine reaction. 


Conclusions. 

(1) The water-insoluble amylase of barley which is rendered 
soluble by proteolytic action (papain) is associated with the alcchol- 
soluble group of proteins (hordein). 

(2) Since papain does not liberate an amylase from isolated hor- 
dein, or from barley which has been either boiled or heated to 120°, 
it follows that papain liberates amylase in virtue of its capacity to 
break down a pre-existent insoluble enzyme complex. 

(3) Such amylase, when thus liberated by papain, exhibits the 
characteristic properties of the soluble amylase of barley. 

Tre Laporatory, 


Tue Stac Brewery, 
Piamuico, 5.W. 1. [ Received, August 2nd, 1922. 


CCOXXXI.—The System Chromium Trioxide—Sulphur 
T'rioxide—W ater. 


By Lionet Fevix Gitpert, Harotp BucKLey, and 
IRVINE Masson. 
Gay-Lussac (Ann. chim. phys., 1821, [ii], 16, 102) mixed sulphuric 
and chromic acids and obtained red quadrangular prisms to which 
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ie gave a formula corresponding with CrO,,S03,H,O. Fritsche 
J. pr. Chem., 1840, 19, 176) ascribed Gay-Lussac’s results to con- 
amination of solid chromium trioxide with sulphuric acid; Bolley 
(Ann. chim. pharm., 1845, 56, 113) gave Gay-Lussac’s formula to 
an ochre-yellow, pasty substance obtained in a similar way. 
schrotter (Pogg. Ann., 1843, 59, 616) examined a yellowish-brown 
sibstance which he could not isolate completely, and attributed 
to it the probable formula CrO3,35Qs. Pictet and Karl (Bull. 
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Molecular percentages in system CrO,-SO,-H,0 at 25°. 


Soc. chim., 1908, [iv], 3, 1114) prepared, by the action of sulphur 
trioxide on chromium trioxide heated in a sealed tube, a yellowish- 
brown mass, to which they gave the formula CrO;,503. All these 
investigators note the instability of the substances in air, and the 
liberation of chromium trioxide by the action of moisture. 

Having observed the peculiar behaviour of sulphuric acid towards 
chromic acid, we have made a partial survey of the condensed 
ternary system CrO;-SO;-H,O by carrying out measurements of 
the solubilities of chromium trioxide at 25° and at 45° in sulphuric 
acid of varying concentration, accompanied by direct and indirect 
analyses of the solid phases. 
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Both isotherms are almost coincident, and the data, most 
which are plotted in the diagram, show that there are three distingt 
regions, each with a minimum of solubility. The first region 
corresponds with chromium trioxide as the solid phase; the 
minimum solubility, 0-3 per cent. by weight, occurs in aqueous 
sulphuric acid of 70 per cent. H,SO,, and the transition to the 
next stage occurs in acid of concentration 85 per cent. H,S0,. 
Supersaturated solutions of chromium trioxide may, however, 
be formed, even in highly concentrated acid. From this strength 
up to that of acid containing at most 95 per cent. H,SO,, the 
solid phase is a compound CrOQ,,80,. With higher concentrations 
of sulphur trioxide the third region is entered and the solid again 
changes its composition, probably becoming CrO;,SO3,H,O. The 
solubilities of the complex compounds are small, but are sufficient 
to give a dark brown colour to the liquids. These substances are 
so finely divided as to be very troublesome to examine; the com. 
pound CrOQ3,8SO, is usually brown and minutely crystalline, but 
it may appear as a tawny amorphous sludge, and always does so 
when deposited from the higher concentrations of sulphuric or 
fuming sulphuric acid. The third solid is also tawny and apparently 
amorphous. Both forms are excessively hygroscopic, and liberate 
scarlet chromium trioxide on exposure. 

The attainment of equilibrium in these liquids, where the viscosity 
is not inconsiderable and the precipitates are in the form of slime, 
is slow. Continuous agitation for at least three days was allowed 
before examining the samples; several experiments were made in 
which agitation was carried on for a fortnight without causing 
any change in the appearance of the solid or in the character of 
the results; equilibrium was approached from both sides, and, it 
is believed, was attained in practically every case as far as the 
nature of the material will permit. 


EXPERIMENTAL. 


1. Procedure-—Two isotherms were studied, one at 25-0° and 
one, in less detail, at 45-0°. The components, concentrated or 
fuming sulphuric acid and chromium trioxide, were free from 
impurities by all ordinary tests. They were mixed in suitable 
proportions and put in glass tubes of about 100 c.c. capacity, 
which were then quickly sealed and transferred to a thermostat, 
where they revolved. Before samples were withdrawn, the tubes 
were placed upright in the thermostat so that the solid should 
segregate. Each tube was then opened and a sample of the liquid 
phase rapidly taken in a warmed pipette and was used to fill a 
density-bottle supported in the thermostat; the remaining liquid 
was decanted off as far as possible and some of the residual wet 
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vid was rapidly transferred to a weighing-bottle. After being 
yighed, the samples were analysed. 

2, Method of Analysis—Several methods were tested and 
ejected, and the following was finally adopted. In one portion 
i the mixture, suitably diluted, the total acidity was determined 


sith N/10-barium hydroxide, using as indicator phenolphthalein, 


280,. re ; , 

on the colour-change of which is not interfered with by the pale yellow 

noth precipitate of barium chromate. Ina second portion, the chromium 
*, Mitoxide was estimated iodometrically. Sulphur trioxide and 


yater are thus estimated by difference. Careful tests showed 
that the method for total acidity gives results accurate to about 
(1 per cent.; and although a volumetric and differential method 
jas obvious disadvantages, no other was found to be adequate 
for the present purpose. 

3. Compositions of the Solid Phases.—(a) Direct analysis. Samples 
of amorphous solid obtained from mixtures of chromium trioxide 
and 97 per cent. sulphuric acid were analysed after suction with 
dry air and storage on a porous plate; but although sulphur 


or a ; rs ; 
tly trioxide was evidently a principal constituent, they were found 
ate °° be insufficiently free from liquid. A further preparation was 


therefore well washed in a dry atmosphere with specially anhydrous 
ether, in which both chromium trioxide and sulphuric acid are 
separately soluble. In the subsequent analyses, a small amount 
of the material was reduced by adherent ether when it was 
dissolved in water, which would augment the apparent water- 
content at the expense of the content of chromium trioxide. The 
results gave molecular ratios CrO,:SO,-H,O = 1: 1-22:1-49 and 
1: 1-33: 1-52. No other direct analyses were made. 

(b) Indirect determinations were made by analysing the wet 
solids, the compositions of which are given in the tables with those 
of the corresponding liquids. In the figure, the lines joining the 
compositions of solids and liquids are too numerous for all to be 
reproduced. It is certain, however, that the solid phase is CrO, 
up to a molecular concentration of about 32-5 per cent. of sulphur 
trioxide in the liquid, and that it is essentially CrO,,SO, from that 
point on to approximately 43 molecular per cent. of sulphur trioxide. 
What remains uncertain, owing to the difficulties attending the 
exact analysis of “solids ’’ which were in reality chiefly liquid, 
is whether this compound may not contain small quantities of 
either component adsorbed or in solid solution, the extremes of 
composition of the dry solid being CrO3,1-15SO, and Cr03,0-88S0, ; 
but, from the unsystematic nature of the deviations, we incline 
to the belief that they arise from this experimental cause and that 
the actual solid is CrO,,SO,. As to the region of liquids richest 
in sulphur trioxide, there is no doubt of the occurrence of a further 
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change in the solid phase; but, for the reasons already mentioned, 
and because only two samples at 25° and one at 45° were examined, 


the composition of the new phase remains in doubt. 


These data 


prove that it cannot be the compound CrO,,SO,, already defined: 
they do not quite exclude the possibility of its being an amorphous 
but they harmonise best 


variety of chromium trioxide itself; 
with the supposition that the third solid has 


the composition 


H,0,CrO;,SO03, intermediate between dichromic and disulphuric 


Speen 


--?Solid phase» <.. 


H,0,CrO,,80, 


acids. 
TABLE I. 
Molecular percentages and densities at 25°. 
Liquid. Wet solid. Liquid. Wet solid. 
i . ~ Ee . —_— #s—_—— 
d?. SO; CrO;. SO;. CrO;. d?. $O;. CrO;. SO;. CrO,. 
— O 2783 — — A _ 1-788 33-17 1:58 34:61 6-83) 
1-678 1:47 21-10 — — : 1803 33:14 102 — — 
1-669 1:55 20-69 — — : 1-808 34:42 1-38 35-30 5-95 
1-650 2-53 19-27 — — 1-806 34:29 0-97 35-34 13-75 
1-626 3-34 1741 — — — 3454 082 — — 
1579 5-73 13:20 — — 1-799 35-41 0-80 36-05 3-19 
1520 751 970 — — : 1-802 35:89 0-88 39-03 14-73 
1510 886 809 — — } — 35-97 0-64 37-20 5-93 
1-496 999 613 —  — ; 1-801 36-14 0-54 37-68 6-27 
1-471 11-78 418 — — ;: 1818 3811 071 — — 
1-460 12-61 3-38 10-60 16-95 1-837 38:31 112 — — 
1-479 15:89 117 — — § 1-809 38:93 116 — — 
1-482 16-41 Lll — — % 1-814 38-27 0-74 39-80 5-32 
1-580 22:15 0-14 18-13 19:50 2 1-814 37-79 0-43 39-35 10-17 
1-610 23-22 011 — — & 1-814 37-97 0-41 40-38 9-08 
1-646 24:18 014 — — ~ 1812 3814 0-39 39-16 3-36 
1-680 26-43 0-23 — — = 1-812 38-69 0-50 39-17 4-80 
1-680 27:18 020 — — § — 38:75 0:36 40-50 5-60 
1-680 27-31 0-23 — — : 1-823 38:97 0-36 40-12 8-48 
1-690 27-56 0-28 — — ; 
1-692 27-62 031 — — } — 45:30 0-44 42-36 8-98 
1-690 28:17 0-28 — — : 1-834 47-01 0-20 45-13 5-73 
1-721 29-19 049 — — : 1-841 51-78 014 — — 
1-728 29:35 055 — : 61-915 57-50 040 — — 
— 3150 1-33 30-48 5-58 } — 5894 088 — — 
1-756 31:42 097 — 
1-771 31-93 1:23 — — } 
1-786 32-64 1-62 — — y 
TABLE II. 
Molecular percentages and densities at 45°. 
Liquid. Wet solid. Liquid. Wet solid. 
=~ _ = ‘ A A, 
d?. $80 5. CrO;. SO;. CrO, dy}. SO 3. CrO;. SO;. CrO,. 
A 33-55 1-15 36-89 13-99) A 
5-25 13-79 4-15 ad g 34-67 1-11 38-27 1465 | Es 
16-73 1-00 9-55 37-49|4-5 35-40 1-06 41-24 15-77|4% 
22-01 0-17 14-11 34-92; 35% 37-07 0-63 39-88 11-52[=9° 
1-751 31-05 1-16 19-35 36-62)5 1-797 38-10 0-60 39-62 so4| 3° 
y 1-814 42-26 0-38 44-11 9-89/ y 
— 45-67 0-30 
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(CXXXII.—Attempts to Prepare Red Sulphide Dyes. 
Part I. 


By Epwin Roy Watson and SIkHipnyusHAN Dutt. 


SULPHIDE dyes are known of all colours except red. On account 
of the fastness of this group of dyes to almost all agencies, a cheap 
red sulphide dye would be appreciated. The blue and black 
sulphide dyes are generally regarded as thiazine dyes containing 
mercaptan groups, and since the ordinary thiazine dyes have 
neither the affinity for cotton nor the fastness of sulphide dyes 
it is natural to attribute these properties in the latter rather to 
the mercaptan groups than to the thiazine chromophore. Attempts 
have already been made to prepare red sulphide dyes by intro- 
ducing mercaptan groups into red dyes of other groups (D.R.-P. 
181125; Friedlander and Mauthner, Z. farb. Ind., 3, 333; Miiller, 
ibid., 5, 357; D.R.-P. 161462; Fichter, Fréhlich, and Jalon, Ber., 
1907, 40, 4420; D.R.-P. 204772, 241985, 220628), but the results 
have not been very satisfactory. 

It was thought that in some of these cases the dyeings were 
not fast because the dyes contained ordinary auxochromes, such 
as amino- or hydroxyl groups, as well as mercaptan groups, and 
the presence of these ordinary auxochromes caused the dyeings 
to be stripped to a certain extent by acids or alkalis. Some sub- 
stances were therefore prepared containing chromophores and 
mercaptan groups, but no ordinary auxochromes. 4-Benzeneazo- 
|-naphthylmercapian, C,H,;*N,°C,;,)H,SH, is soluble in sodium 
sulphide, but only dyes light brownish-yellow shades. pp’p’- 
Trithioltriphenylcarbinol, OH-C(C,H,°SH),, is a colourless substance. 

The above idea not having borne fruit, it was yet hoped that 
mercaptan derivatives of dyes of the various groups might prove 
more valuable red sulphide dyes than the compounds prepared 
by previous investigators (vide supra). The well-known influence 
of relative positions of chromophore and auxochromes on dyeing 
properties, colour, and fastness gave ground for this hope. But 
the various new compounds of the azine, oxazine, phthalein, 
uitroso- and acridine groups which have now been prepared have 
all failed for one reason or another. 2-Amino-8-thiol-10-phenyl- 
phenazonium hydroxide is a sulphide dye, but gives dull violet 
shades; 3-amino-7-dimethylamino-4-thiolphenazine is a sulphide 
dye, but gives reddish-brown shades very sensitive to acids and 
alkalis; 9-dimethylamino-2-thiol-3-phenoxazone is soluble in sodium 
sulphide, but gives only light indigo-blue shades; dithiolfluorescein 
is soluble in sodium sulphide, but has no affinity for cotton from 
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a sulphide bath; dinitrosothiolresorcinol is soluble in sodiuy 
sulphide, but has no affinity for cotton; 2 : 8-diamino-3 : 7-dithiol. 
acridine is soluble in sodium sulphide, but only dyes light brow 
shades on cotton. 

The dithiolfluorescein which we have prepared by condensation 
of thiolresorcinol and phthalic anhydride is perhaps identical with 
the thiofiuorescein prepared by Maki (J. Coll. Eng. Tokyo Imp, 
Univ., 1920, 11, i, 1) from fluorescein and sodium sulphide, although 
our preparation is fluorescent in alkaline solution whilst Maki’s 
thiofluorescein is not. 

The preparation and properties of some mercaptan derivatives 
of azo-dyes and some new compounds used as intermediates in 
their preparation will be described in Part LI. 


EXPERIMENTAL. 

Ethyl 4-Benzeneazo-\-naphthyl Xanthate, CH*Ny°C gH gS-CS-OEt. 
—Benzeneazo-a-naphthylamine hydrochloride (2-8 grams) was 
diazotised, the diazo-solution (150 e.c.) filtered from a little 
insoluble matter (0-25 gram), almost neutralised, and added gradu- 
ally to a solution of 1-6 grams of potassium xanthate in a little 
water at 70°. The mixture was heated at 100° for one hour, and 
the oily product set to a solid on cooling (Found: S = 17-7. 
C,9H,,ON,S, requires S = 18-2 per cent.). 

4-Benzeneazo-l-naphthyl Mercaptan, C,H,*N,°C,gH,SH.—The 
xanthate, obtained as in the foregoing preparation, was dissolved 
in 500 c.c. of alcohol containing 5 c.c. of 20 per cent. aqueous 
sodium hydroxide and boiled for thirty minutes. After removing 
alcohol, water was added, and the filtered solution acidified with 
acetic acid, when an unerystallisable, reddish-brown precipitate 
‘(0-35 gram) was obtained which melted below 100° (Found: 
S = 10-6. C,,H,.N,S requires S = 12-1 per cent.). 

This substance dissolved in aqueous sodium sulphide with a 
red colour and dyed cotton red, but on exposure to the air the 
colour changed to a light brownish-yellow shade. 

Attempts to prepare the mercaptan via the diazo-disulphide gave 
a product which was insoluble in sodium sulphide. 

pp’p”’-T'rithioltriphenylcarbinol, OH-C(C,H4SH)3.—Pararosaniline 
(3-5 grams) was diazotised, the diazo-solution (60 c.c.) neutralised, 
and added gradually to a solution of 5 grams of potassium xanthate 
in a little water kept at 70°. The first addition was followed by 
a slight explosion, and further additions caused explosions of 
diminishing intensity. The mixture was kept at 70° for an hour 
after the diazo-solution had been added. The substance which 
separated as a yellow oil and solidified on cooling was dissolved 
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in ether, the ethereal solution shaken with dilute sodium hydroxide 
and sulphuric acid successively, the ether evaporated, and the 
residue boiled for half an hour with 25 c.c. of alcohol and 1-5 grams 
of potassium hydroxide. After evaporating off the alcohol, the 
residue was dissolved in water and acidified. The almost white 
precipitate obtained was insoluble in alcohol, benzene, or acetic 
acid, but soluble in sodium sulphide (Found: S = 24-6. C,9H,,O8, 
requires S = 26-9 per cent.). 

Attempts to prepare the mercaptan via the diazo-disulphide 
were not successful. 

2-Amino-8-thiol-10-phenyl phenazonium Hydroxide, 

NH, CoHy<N pn OH)? CoHa'SH. 

—Phenosafranine (0-7 gram) was riled in 70 c.c. of water, 
hydrochloric acid was added in the proportion of 2 mols. (+10 
per cent.) for cach molecule of phenosafranine, and 2-2 c.c. of 
Y-sodium nitrite solution. This diazo-solution was poured into 
a solution of 0-64 gram of potassium xanthate in a little water, 
when a dark, solid precipitate was obtained. This was_ boiled 
with water, dissolved in alcohol, giving a magenta-coloured solution, 
and boiled for eight hours after adding 1-5 grams of sodium hydr- 
oxide. The alcohol was evaporated off, the residue dissolved in 
water, and the solution acidified with hydrochloric acid. A black- 
ish-violet precipitate was obtained which could not be crystallised. 
It dissolved in aqueous sodium sulphide and dyed dull violet shades 
on cotton (Found: S = 10-4. C,.H,,ON.S requires S = 10-0 
per cent.). 

3-A mino-7-dimethylamino-4-thiol phenazine, 

NMeyC'gH <n >-CgHa(SH)-NHy. 

—This was prepared by the condensation of di-m-phenylenediamine 
disulphide and nitrosodimethylaniline. The former substance was 
prepared according to D.R.-P. 86096, but could not be obtained 
crystalline by the method there described. It was dissolved in 
acetone and poured into water. A milky emulsion was obtained, 
from which the substance was precipitated as fine, yellow needles 
by the cautious addition of a saturated solution of sodium chloride. 
It melted 73,° and analysis showed it to be a mixture of 
the disulphide with some higher sulphide or sulphides agreeing 
with the average formula C,H-N,S,.., (Found: S = 27-2. Cale., 
8 = 27-2 per cent.). 

Di-m-phenylenediamine disulphide (0-7 gram) was dissolved in 
15 c.c. of 3:3 per cent. hydrochloric acid, nitrosodimethylaniline 
hydrochloride (0-94 gram), dissolved in 10 c.c. of water and 20 
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drops of concentrated hydrochloric acid, was added, and the mixture 
boiled, when a dark-coloured substance was soon deposited, which 
could not be crystallised. The substance is soluble in aqueous 
sodium sulphide with a brown colour and dyes cotton. On acidific. 
ation, the dyeing has a violet shade, but is changed to reddish. 
brown by dilute sodium carbonate. This dyestuff was found to 
have the average formula which would result from the condensation 
of C,H,N,S,..,; with 1 mol. of nitrosodimethylaniline (Found: 
S = 14:8, 14-5. C,,H,,N,8,..; requires S = 14-4 per cent.). 

On diazotising this substance and boiling with water, there 
was obtained a product which was also a sulphide dye (7-dimethy). 
amino-3-hydroxy-4-thiolphenazine ?) giving dyeings which were still 
sensitive to acids and alkalis, but duller than those of the original 
dyestuff. Similar shades were obtained by diazotising on the 
fibre and subsequently boiling with water. 

9- Dimethylamino-2-thiol-3- sete pi 


(CH,).N-C, H,<() >C,Ha(SH):0 


—This was prepared by the condensation of nitrosodimethylaniline 
and thiolresorcinol prepared according to D.R.-P. 41514. The 
amount of sulphur in the thiolresorcinol depends entirely on the 
amount taken in its preparation, as besides diresorcinol disulphide 
there are formed polysulphides. The sample prepared for this 
purpose contained S = 24-8 per cent., which corresponds with the 
average formula C,H,(OH),°S,.,,H. 

Nitrosodimethylaniline hydrochloride (2 grams) was almost 
entirely dissolved in 50 c.c. of boiling alcohol, finely powdered 
thiolresorcinol (0-92 gram) added, and the mixture boiled over. 
night. A greenish-black precipitate was obtained which was 
purified by extraction with carbon disulphide (to remove free 
sulphur) and a boiling acid solution of zine chloride, which removed 
some colouring matter and finally left a substance insoluble in 
this reagent. It could not be crystallised (Found: S = 12°. 
C,,H,.0,N,S,.,, requires S = 13-1 per cent.). 

This substance is soluble in aqueous sodium sulphide with a 
reddish-black colour, but gives only very light indigo-blue dyeings 
on cotton. 


Dithiolfluorescein, 0<e He {OH YSED > CSO" Hisco, was pre- 


pared by heating a pow aud mixture of thiolresorcinol (2-2 grams), 
1 gram of phthalic anhydride, and 0-46 gram of anhydrous zinc 
chloride at 150—190° for one hour. The product was powdered, 
washed with water, dissolved in caustic soda, and reprecipitated 
with acid. It was obtained as a reddish-brown solid soluble in 
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caustic soda with a red colour and dark green fluorescence. It 
could not be crystallised (Found: S = 18-3. C,.9H,,0;S,.0, re- 
quires S = 17-9 per cent.). (The same sample of thiolresorcinol 
was used as in the last preparation.) It dissolves in aqueous 
sodium sulphide solution with a red colour, but has scarcely any 
affinity for cotton. 

Dinitrosothiolresorcinol, C,HO,(NOH),*SH.—Thiolresorcinol (3-4 
grams) was dissolved in a little sodium hydroxide solution, 3 grams 
of sodium nitrite were added, the solution was cooled with ice and 
acidified with hydrochloric acid. A brown precipitate was obtained 
which was filtered off after a few hours. It is soluble in caustic 
soda and in sodium sulphide, but does not dye cotton from a 
sulphide vat (Found: S = 17-2. C,H,O,N,S,.;, requires S = 17-8 
per cent.). (This was prepared with the same sample of thiol- 
resorcinol as was used in the preceding two preparations.) 

2:2’:4:4'-Tetra-amino-5 : 5’-dithioldiphenylmethane, 

CH,/C,H,(NH,).°SH],. 

—Di-m-phenylenediamine disulphide (1-4 grams) was dissolved 
in 2 c.c. of concentrated hydrochloric acid diluted to 20 c.c. with 
water, and treated with 3 c.c. of 40 per cent. formaldehyde solution, 
when the above-mentioned compound was immediately formed as 
a buff-coloured precipitate (Found : = 26-85. C,,H,;N,S.-; 
requires S = 26-1 per cent.). (The same sample of di-m-phenylene- 
diamine disulphide was used as in the preparation of the preceding 
phenazine dyestuff.) 

This compound was made into a paste with water and boiled 
with ferric chloride and a few drops of hydrochloric acid, when 
the buff-coloured suspension soon became dark brown. The 
product (diaminodithiolacridine?) is soluble in sodium sulphide 
and gives light brown shades on cotton. 


The substances described in this paper were first prepared in 
British Dyes laboratory at Leeds University and have been again 
prepared and analysed in the chemical laboratory at Dacca 
University. Our thanks are due to the British Dyestuffs Corpor- 
ation, Ltd., for permission to publish these results. 


LEEDS UNIVERSITY. 


Daacc UNIVERSITY. [Received, April 24th, 1922.] 
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CCXXXIITI.—Dyes Derived from Phenanthraquinone, 
Part I. Phenanthranaphthazines. 


By ANUKUL CHANDRA SrrcaR and SikuHiBHusaNn Durr. 


Unt recently (Watson and Dutt, T., 1921, 119, 1211), substituted 
phenanthraquinone had not been condensed with o-phenylenedi- 
amine, and except in a few instances (Witt, Thorpe’s “ Dictionary 
of Applied Chemistry,” Vol. I, p. 354; Watson and Dutt, loc. cit,, 
p. 1218) the condensation with 1: 2-naphthylenediamine or its 
substitution products has not been described. This communication 
deals with the preparation and properties of the azines obtained 
by condensing substituted phenanthraquinone with 1 : 2-naphthyl- 
enediamine and its 5-sulphonie acid. The following derivatives 
of phenanthraquinone have been utilised: 2:7- and 4 : 5-dinitro., 
2- and 4-nitro-, and 2: 7-dibromo-phenanthraquinones, and also 
dibromonitro-, bromodinitro-, and 5-bromo-4-nitro-phenanthraquin- 
ones (Mukherjee and Watson, T., 1916, 109, 623). The azines thus 
obtained all dye yellow shades on wool, which are very light in 
the case of the bromo-compounds and somewhat deeper in that 
of the nitro-derivatives. 

As these azines did not contain auxochromic groups, phenanthra- 
naphthazines were prepared by the condensation of 1 : 2-naphthyl- 
enediamine with 2 : 7-diamino-, 4 : 5-diamino-, 2-amino-, 4-amino-, 
2: 7-dihydroxy-, 4:5-dihydroxy-, 2-hydroxy-, and 4-hydroxy- 
phenanthraquinones. Although insoluble in water, the azines 
thus obtained are moderately soluble in some of the common 
organic solvents, and their tinctorial properties are on the whole 
satisfactory. They dye wool from an acid bath in shades varying 
from bright yellow to dark brown; 4 : 5-dihydroxyphenanthra- 
naphthazine dyes chrome-mordanted wool to a deep brown shade. 

In attempting to prepare 2 : 7-diaminophenanthranaphthazine by 
the reduction of the corresponding dinitro-compound with tin and 
hydrochloric acid, instead of the desired substance, 2 : 7-diamino- 
dihydrophenanthranaphthazine was formed. The amino-groups 
in the diaminodihydro-compound were easily replaced by hydroxy- 
groups by the diazo-reaction, and 2 : 7-dihydroxydihydrophen- 
anthranaphthazine obtained. The dyeing properties of these 
dihydro-derivatives are not satisfactory (compare Watson and 
Dutt, loc. cit., p. 1213). 

In the anthraquinone series, bromine atoms are easily replaced 
by anilino-groups by Ullmann’s method (Ber., 1901, 34, 2174). 
Mukherjee and Watson have shown that Ullmann’s reaction can 
also be applied in the phenanthraquinone series. These anilino- 
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derivatives in many cases possess interesting dyeing properties. 


ve, Further, from an examination of the constitutional formule of the 
commercial azine dyes, it is found that the anilino-compounds, for 
example, indamine-blue, generally dye blue shades, whilst the 
corresponding azines without the anilino-groups dye redder shades. 
ited ff Led by these considerations, the authors applied Ullmann’s method 
edi. § to the bromophenanthranaphthazines and found that these sub- 
lary [fF stances can be readily converted into the corresponding anilino- 
cit., compounds. 2 : 7-Dianilino-, 4-nitro-5-anilino-, dinitroanilino-, and 
its J pitrodianilino-phenanthranaphthazines have been prepared in this 
‘ion way. They dye full shades on wool in colours ranging from olive- 
ned [fF green to bluish-green or bottle-green. They are insoluble in water 
iyl- — and only sparingly soluble in the ordinary organic solvents. 
ves The azines mentioned so far are all insoluble in water; many 
ro-, ff of them are almost insoluble in the ordinary organic solvents and can 


be crystallised only from liquids of high boiling point. The intro- 
duction of sulphonic acid groups into the molecules of these azines 
should tend to make them soluble in water, and possibly such 
sulphonic acid derivatives could be crystallised from this solvent. 
|: 2-Naphthylenediamine-5-sulphonic acid was therefore con- 
densed with 2:7-diamino-, 2-amino-, and 2 : 7-dihydroxy-phen- 


ra- anthraquinone. The sodium salts of the azines thus obtained are 
yl- all soluble in water and dye wool in brown to maroon shades from 
0-, an alkaline bath. The dyeings thus obtained are much deeper in 
y- shade than those of the corresponding unsulphonated compounds. 
les Evidently the sulphonic acid group has a marked influence in 
on deepening the «olours of the original compounds—this, however, is 
dle not generally the case. 
ng The phenanthranaphthazines described in this paper (1) are char- 
a- acterised by their high melting points (many of them decompose 
e. before melting), their sparing solubility in the ordinary organic 
7 solvents, their well-developed tinctorial properties, and their stability 
id towards oxidising agents ; (2) dissolve in concentrated sulphuric acid 
0- with characteristic colour; water precipitates them unchanged as 
nS light, flocculent masses, particularly adapted for dyeing purposes. 
y- 
‘ EXPERIMENTAL. 
, 2 : 7-Dinitrophenanthranaphthazine, (NO,).C gH p< N> Cio — 
The crystalline precipitate produced by boiling 2-9 grams of 2 : 7- 
d dinitrophenanthraquinone and 1-6 grams of 1 : 2-naphthylenedi- 
. amine in 400 c.c. of glacial acetic acid, separated from amyl alcohol 


in yellow needles not melting below 290°. It is sparingly soluble 
in alcohol, acetone, acetic acid, chloroform, or benzene, moderately 
3 x* 
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soluble in aniline or amyl alcohol, and very soluble in pyridine or 
nitrobenzene. It dissolves in strong sulphuric acid with a violet 
colour, and when reprecipitated by water dyes wool light-yellow 
shades from an acid bath (Found : N = 13-32. C,,H,.0,N, requires 
N = 13-33 per cent.). 

4 : 5-Dinitrophenanthranaphthazine.—The crystalline precipitate 
obtained by mixing 2-9 grams of 4 : 5-dinitrophenanthraquinone 
and 1-6 grams of 1 : 2-naphthylenediamine in 200 c.c. of boiling 
acetic acid, recrystallised from nitrobenzene in yellow needles 
melting at 275°. Its properties resemble those of the preceding 
compound (Found: N = 13-38 per cent.). 

2-Nitrophenanthranaphthazine, NO,C4H,;<N>CioHy, was ob- 
tained in the same way as the preceding compound by condensing 
2-nitrophenanthraquinone with 1: 2-naphthylenediamine. It 
crystallised from aniline in yellow needles melting at about 190° 
(with decomposition) (Found: N = 11-41. C,,H,,0,N, requires 
N = 11-2 per cent.). 

4-Nitrophenanthranaphthazine was prepared from 4-nitrophen- 
anthraquinone in the same way as the preceding compounds and 
obtained as yellow needles (from acetic acid), melting at 206—208° 
(Found: N = 11-63 per cent.). 

The properties of the two mononitro-azines resemble those of the 
dinitro-compounds described above. 


2 : 7-Diaminophenanthranaphthazs NH,),C,,H.A> eH 
2: 7- phenanthranaphthazine, (NH,),C,,H, N7 104s: 


—tThe precipitate produced by boiling 1-15 grams of 2 : 7-diamino- 
phenanthraquinone and 0-8 gram of 1 : 2-naphthylenediamine in 
30 c.c. of glacial acetic acid for one hour, separated in yellow needles 
from hot pyridine on cautious addition of hot water. 

It decomposes on heating and is sparingly soluble in acetic acid, 
alcohol, acetone, benzene, or chloroform and readily soluble in 
nitrobenzene, pyridine, or aniline. It dyes bright yellow shades on 
wool from an acid bath (Found: N = 15-34. C,,H,,N, requires 
N = 15-56 per cent.). 

4 : 5-Diaminophenanthranaphthazine was prepared in a similar 
way to the preceding compound, and crystallised from pyridine as 
yellow needles, decomposing at about 170° (Found: N = 15-81 
per cent.). 


2 - Aminophenanthranaphthazine, NH,-C4H;<y>CyoH,. — 


2-Aminophenanthraquinone (1-5 grams) and 1 : 2-naphthylencdi- 
amine (1-1 grams) were boiled for three hours in 20 c.c. of absolute 
alcohol. The colour of the aminoquinone rapidly changed to 
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yellow and a crystalline precipitate separated. This crystallised 
fom pyridine as yellow, prismatic needles, melting at 250° (Found : 
N= 12-68. C,,H,,;N, requires N = 12-2 per cent.). 

4-Aminophenanthranaphthazine, prepared in a similar way to the 
preceding compound, melts at 180—181° (Found: N = 12-2 per 
cent). 

The properties of the mono-aminophenanthranaphthazines re- 
emble those of the diamino-compounds. 


2: 7-Dihydroxyphenanthranaphthazine, (OH).CysH <p >CioHg. 


—The crystalline mass produced by boiling molecular quantities of 
2; 7-dihydroxyphenanthraquinone and | : 2-naphthylenediamine in 
the minimum quantity of acetic acid, separated from the same 
solvent as yellowish-brown needles melting at 220—221°. It dis- 
slves in potassium hydroxide solution with a brown colour and 
dyes wool brown shades from an acid bath (Found: N = 7-66. 
(4H,,O,N, requires N = 7-74 per cent.). 

4: 5-Dihydroxyphenanthranaphthazine, prepared in a similar way 
to the preceding compound, separated from dilute acetic acid in 
orange-brown, prismatic needles, decomposing at 175° (Found : 
N= 8-05 per cent.). 


2-Hydroxyphenanthranaphthazine, OH-C,,H <_OC 19H -—The 


brown needles produced by boiling molecular quantities of 2-hydr- 
oxyphenanthraquinone and | : 2-naphthylenediamine for ten minutes 
in acetic acid, were recrystallised from dilute acetic acid. The 
substance decomposes above 160°. It dyes wool yellow shades 
from an acid bath and brown shades from an alkaline bath con- 
taining 3 per cent. of sodium carbonate (Found: N = 7:89. 
C,4H,,ON, requires N = 8-09 per cent.). 

4-Hydroxyphenanthranaphthazine was obtained as_ brownish- 
yellow, prismatic needles in a similar way to the preceding com- 
pound. It begins to decompose at 208° and finally melts (with 
decomposition) at 225° (Found: N = 8-4 per cent.). 

The solubility in organic solvents of the four hydroxyphenanthra- 
naphthazines resembles that of the amino-azines described above. 


2 : 7-Dibromophenanthranaphthazine, C gH Bry<N>CigHy—The 


precipitate produced by boiling equimolecular quantities of 2 : 7-di- 
bromophenanthraquinone and 1 : 2-naphthylenediamine in acetic 
acid for fifteen minutes, after being washed with water, separated 
from nitrobenzene as light yellow needles, not melting below 290°. 
It is almost insoluble in ordinary organic solvents, although slightly 


soluble in nitrobenzene, pyridine, or aniline. It dissolves in con- 
3x*2 
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centrated sulphuric acid with a brilliant blue colour and dyes woo] 
light yellow shades from an acid bath (Found: Br = 33.3. 
C.,H,.N,Br, requires Br = 32-79 per cent.). 

2 : 7-Dianilinophenanthranaphthazine, (NHPh),C,4Hp<N>C,H, 
—One gram of the above dibromo-compound was boiled with 
10 grams of aniline and 0-3 gram of copper powder for three hours, 
and the hot liquid filtered into dilute hydrochloric acid. The dark 
green mass obtained, after being washed several times with hot 
dilute hydrochloric acid and water, separated from pyridine, on 
cautious addition of hot water, in needle-shaped, crystalline aggre. 
gates melting at 200°. The substance is slightly soluble in alcohol, 
and moderately soluble in nitrobenzene or pyridine. It dissolves 
in concentrated sulphuric acid with a green colour and dyes wool in 
olive-green shades (Found: N = 10-76. C,,H,,N, requires N = 
10-94 per cent.). 

Dibromonitrophenanthranaphthazine was obtained as_brownish- 
yellow needles by boiling 2 grams of dibromonitrophenanthra- 
quinone, prepared by Mukherjee and Watson’s method (loc. cit., 
p. 623), and 0-8 gram of 1 : 2-naphthylenediamine in 150 c.c. of 
acetic acid for half an hour. It decomposes at 235° and is only 
slightly soluble in alcohol, but is very soluble in aniline, nitro- 
benzene, or pyridine. It dyes light yellow shades on wool from 
an acid bath (Found: Br = 30-00. C,,H,,0,N,Br, requires 
Br = 30-02 per cent.). 

Nitrodianilinophenanthranaphthazine was produced by submitting 
1 gram of the preceding compound to Ullmann’s reaction in the 
usual way. It could not be crystallised and was purified by boiling 
with dilute hydrochloric acid, dissolving in pyridine, precipitating 
with hot water, and finally washing with acetic acid, alcohol, and 
water, and obtained as a bluish-black powder melting at about 172° 
(with decomposition). 

Its solubility is similar to that of the preceding compound. It 
dyes wool in brownish-violet shades from an acid bath (Found: 
N = 12-97. C,,H,,0,N,; requires N = 12-56 per cent.). 

Bromodinitrophenanthranaphthazine separated as greenish-yellow, 
prismatic needles on bringing together 1-19 grams of the bromo- 
dinitroquinone (Mukherjee and Watson, loc. cit.) and 0-8 gram of 
the diamine in 200 c.c. of boiling acetic acid, and was purified by 
recrystallisation from nitrobenzene. It does not melt below 290°, 
and in other properties resembles the dibromonitro-compound 
described above (Found: Br = 16-2. C,,H,,O,;N, requires Br = 
16-03 per cent.). 

Dinitroanilinophenanthranaphthazine—The black mass produced 
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by submitting the preceding compound to Ullmann’s reaction in 
ihe usual way was dissolved in pyridine and the azine separated, 
in black, crystalline aggregates, by the careful addition of hot water. 

It decomposes on heating, and when freshly precipitated from 
sulphuric acid dyes wool a beautiful bottle-green shade. Its other 
properties are similar to those of the nitrodianilino-azine described 
above (Found: N = 14-19. Cy 9H,,0,N; requires N = 13-69 per 


cent.). 
5-Bromo-4-nitrophenanthranaphthazine, NO,C4H,Br<y > Cy oH, 
—Molecular quantities of 1 : 2-naphthylenediamine and 5-bromo- 
4nitrophenanthraquinone (m. p. 224—226°; Mukherjee and 
Watson, loc. cit.) * were heated together in acetic acid solution. 
(in concentrating the solution, the azine crystallised out spontaneously 
in shining, brown needles. It was recrystallised from a mixture of 
alcohol (1 part) and acetic acid (2 parts). It melts at 260°, and 
resembles the two bromonitro-azines described above (Found : 
Br = 18-04. C,,H,.O,N,Br requires Br = 17-62 per cent.). 
4-Nitro-5-anilinophenanthranaphthazine, 


NHPh-C,,H,(NO.)<N>C 9H. 


—This compound was prepared from the preceding substance in a 
similar way, and has similar properties, to the anilino-azines de- 
sribed above. It separated as bluish-black needles, melting at 
about. 170° (with decomposition). It dissolves in strong sulphuric 
acid with a violet-black colour and dyes wool in bluish-green shades 
fom an acid bath (Found: N = 12-58. CypH,,O.N, requires 
N = 12-01 per cent.). 

2: a ic Acid, 
(NH,),C,4H <_> CoH 5'SO3H. 
—2:7-Diaminophenanthraquinone (1 gram) and 1: 2-naphthylene- 
diamine-5-sulphonie acid (1 gram) were boiled together with a 
small quantity of water. The dark colour of the amino-quinone 
rapidly disappeared and a greenish-yellow, crystalline mass was 
produced. This was filtered, dissolved in dilute caustic soda 
solution, and again filtered. The filtrate, on acidification with 
dilute hydrochloric acid, deposited greenish-yellow needles, which 
were filtered, washed with water, and dried in a vacuum desiccator, 


where the colour changed to brown. 
The substance is slightly soluble in alcohol or acetic acid and 


* In the original description (T., 1916, 109, 623), the position of the 
bromine atom is not indicated. Dr. Watson, in a private communication 
to one of us, states that the bromine atom occupies the 5-position. 
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very soluble in pyridine (Found: N= 13-00. C,H,,0,N,8 
requires N = 12-74 per cent.). With concentrated hydrochloric 
acid, it forms a red salt decomposable by water. The sodium salt 
is very soluble in water. It dyes brown shades on wool from ap 
alkaline bath containing 2 per cent. of sodium carbonate. 

2 : 7-Dihydroxyphenanthranaphthazine-12-sulphonic Acid, 


(OH).Cy4H pn >CipHs'SO,H. 


—The mass produced by boiling 2 : 7-dihydroxyphenanthraquinone 
(1 gram) and 1 : 2-naphthylenediamine-5-sulphonic acid with water 
for two hours was repeatedly extracted with hot sodium carbonate 
solution. The combined extracts, after concentration to a small 
volume, deposited, on acidification with hydrochloric acid, dark 
brown needles, which dyed wool a pleasant brown shade from an 
alkaline bath containing 2 per cent. of sodium carbonate (Found: 
N = 5-96. C,,H,,0;N.S8 requires N = 6-11 per cent.). 
spel acuienien reget 2-sulphonic Acid, 


NH,:C,,H H,<N NCH 5'S0H, 


was obtained as brown needles by boiling 1-1 grams of the 2-amino. 
quinone and 1-2 grams of the diaminesulphonic acid with a little 
water for half an hour, and then adopting the same procedure as 


in the preparation of the 2:7-diamino-compound (vide supra). 

Its properties are exactly similar to those of the diamino-com- 

pound. The sodium salt is only moderately soluble in water 

(Found: N = 9-48. C,,H,,0,N,S requires N = 9-98 per cent.). 
2: 7-Diamino-9 : Siiigitig  ingeaiags ine, 


(NH,),C 4H, <Sa onl, 


—Two grams of 2 : 7-dinitrophenanthranaphthazine and 4 grams of 
tin were heated on the water-bath with 30 c.c. of fuming hydro- 
chloric acid until the whole of the tin had dissolved. Having 
been washed with hydrochloric acid, the product was dissolved in 
water, the solution made strongly alkaline with sodium carbonate, 
and evaporated to dryness. The dried mass was repeatedly extracted 
with pyridine, from which, on cautious addition of hot water, the 
reduction product separated as bright yellow needles melting at 
250° (with decomposition). 

The solubility of the dihydro-azine in organic solvents is similar to 
that of 2:7-diaminophenanthranaphthazine, but the reduction 
product dissolves in concentrated sulphuric acid with a brilliant 
pink colour, whereas the 2 : 7-diamino-azine does so with a violet 
colour. This property and a determination of the melting point 
of the mixture established the difference between the two compounds. 
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2: 7-Dihydroxy-9 : 16-dihydrophenanthranaphthazine, 
NH 
(OH),CygHe< yy > CH 


was obtained as brown flocks by diazotising the preceding compound 
in the usual way and boiling the filtrate for some time. It was 
further purified by dissolving in caustic soda solution, from which 
hydrochloric acid precipitated a dark violet substance, not melting 
below 280°. It dissolves in concentrated sulphuric acid and in 
caustic soda solution with a violet and a brownish-violet colour, 


none . 
spectively. 
yater _ ’ 
nate We take this opportunity to express our thanks to Dr. E. R. 


Watson, who suggested the investigation and under whose super- 
vision the preliminary work was carried out. 
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ino- 
on CCXXXIV.-—Dyes Derived from Phenanthraquinone. 
- Part II. Naphthaflavindulines. 
m- By SrkuHipHusHaAN Dutt. 


Ix view of the unexpected dyeing properties of the phenanthra- 
phenazines and -naphthazines previously described (Watson and 
Dutt, T., 1921, 119, 1211; Sircar and Dutt, this vol., p. 1944), 
it was considered desirable to prepare certain naphthaflavindulines 
and to examine their behaviour on the fibre. In the azine series, 
the chromophoric property of the azine ring appears to be enhanced 
by the change of a nitrogen atom from the tervalent to the quinque- 
valent state, that is, by the conversion of the azine to an azonium 


te. compound, as, for example, in the case of the yellow diamino- 
2 phenazine, NH,°C,H,< + >CyHy NH, and the scarlet-red safranine, 
e 4 

at NHy CHa <5 cq CHa NH. It seemed probable, therefore, 


that azines derived from phenanthraquinone would be excelled 
in colour by the corresponding azonium derivatives. 

The simplest naphthaflavinduline was prepared by Witt (Ber., 
1887, 20, 1183), who obtained it by condensing phenanthraquinone 
with phenyl-l-amino-$-naphthylamine in presence of glacial acetic 
and nitric acids. The dyeing properties of this compound are of 
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little interest, probably on account of a lack of auxochromie groups 
in the molecule, and therefore the following naphthaflavindulines, 
containing various auxochromic and other groups, have beep 
prepared in the hope that they would have much better dyeing 
properties : 2: 7-Dibromo-, 2: 7-dianilino-, 3-bromo-, 3-anilino., 
2 : 7-dinitro-, 4 : 5-dinitro-, 2-nitro-, 4-nitro-, 2 : 7-diamino-, 4: 5. 
diamino-, 2-amino-, 4-amino-, 2:7-dihydroxy-, 4 : 5-dihydroxy., 
2-hydroxy-, 4-hydroxy-, dibromonitro-, and bromodinitro-naphtha. 
flavindulines. 

The naphthaflavindulines are, in general, dark brown to blue. 
black substances which erystallise with difficulty. Most of them 
decompose on heating and refuse to burn completely in air. They 
are also decomposed with difficulty by fuming nitric acid under 
pressure. They dissolve in concentrated sulphuric acid mostly 
with a brown colour and therefore, unlike the corresponding azines, 
do not yield characteristic colour reactions with this reagent. 
When freshly precipitated, they dye wool evenly from an acid 
bath. The dyeing properties are, on the whole, much _ better 
than those of the corresponding phenanthranaphthazines. 


EXPERIMENTAL, 

Phenyl-1-amino-8-naphthylamine. — The following preparation, 
giving directly a 90 per cent. yield of free base, was used in pre- 
ference to Witt’s method, which furnishes a poor yield of hydro- 
chloride (Ber., 1887, 20, 571, 1183). 

Diazobenzenesulphonic acid, obtained from sulphanilic acid 
(20 grams) and freed as far as possible from adherent moisture, 
was stirred into 22 grams of phenyl-8-naphthylamine in 60 c.c. 
of glacial acetic acid at 55°, the dye, which was precipitated 
quantitatively, being collected after five minutes. This azo-dye 
was dissolved in 10 per cent. aqueous sodium hydroxide, and the 
filtered solution boiled with zine dust until colourless. The 
residue obtained on cooling was washed with water and extracted 
with hot pyridine. The extract, on dilution with hot water, 
deposited the base in white, silky needles (m. p. 138°). 
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|.amino-8-naphthylamine, dissolved in hot glacial acetic acid, were 
treated with 5 c.c. of strong hydrochloric acid. ‘The condensation 
product at once crystallised out in blue, microscopic needles. The 
compound decomposes above 230°, and is sparingly soluble in most 
organic solvents. When freshly precipitated from sulphuric acid 
lution, it dyes fine maroon shades on wool (Found: Br = 26-2; 
(1=5-9. Cy H,,CIBr, requires Br = 26-62; Cl = 5-99 per cent.). 
2:7-Dianilinonaphthaflavinduline, C,,H,(NHPh), < YPhCt >C9H,- 
—The preceding compound (0-5 gram) was converted by Ullmann’s 
reaction with aniline and copper powder to a bright blue, amorphous 
product, which could not be crystallised, but was purified by 
dissolving in pyridine, precipitating with alcohol, and boiling with 
strong hydrochloric acid. The compound, which does not melt 
below 290°, is sparingly soluble in the ordinary organic solvents, 
but dissolves fairly easily in nitrobenzene, aniline, or pyridine. 
When freshly precipitated, it dyes beautiful blue shades on wool 
(Found: N = 8-25. Cy Hg gN,Cl requires N = 8-96 per cent.). 

3-Bromonaphthaflavinduline (Nitrate), 

eN—— 

C,,H,Br< SX Ph(NO, 70; i. 
—3-Bromophenanthraquinone (2-8 grams) and 2-4 grams of 
phenyl-1-amino-8-naphthylamine in cold glacial acetic acid solution 
were treated with 7 7 c.c. of concentrated nitric acid. The solution, 
on keeping for twenty-four hours, deposited the condensation 
product in orange-red needles, m. p. 230° after recrystallisation 
from dilute acetic acid. It is fairly soluble in alcohol or acetic 
acid, and very soluble in aniline, nitrobenzene, or pyridine. It 
dyes orange shades on wool (Found: Br = 14-2. Cs9H,gO,N,Br 
requires Br == 14-6 per cent.). 

3-Anilinonaphthaflavinduline (Nitrate) was prepared from the 
preceding compound by Ullmann’s method. The green, amorphous 
product was purified by repeated precipitation from pyridine 
solution by hot water and afterwards from strong nitric acid by 
cold water. The substance melts and decomposes at 195° and dyes 
fine olive-green shades on wool (Found: N = 10-2. C3gH,,O,N, 
requires N = 10-0 per cent.). 

2 : 7-Dinitronaphthaflavinduline, CuHe(NOs <tc CI~ >C9H¢.— 
2:7-Dinitrophenanthraquinone (2-9 grams) and 2-4 grams of 
phenyl-l-amino-$-naphthylamine were condensed together in the 
usual manner in presence of glacial acetic and concentrated hydro- 
chloric acids. The product was recrystallised from dilute acetic 
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acid in fine brown needles melting at 220° with decomposition, 
It dyes yellowish-grey shades on wool (Found: N = 109 
C9H,,0,N,Cl requires N = 10-5 per cent.). 

4 : 5-Dinitronaphthaflavinduline, prepared from 4: 5-dinitro. 
phenanthraquinone, crystallises from alcohol in brown, micro. 
scopic needles, which melt with decomposition at 190°, and dyes 
brownish-grey shades on wool (Found: N = 10-43. CggH,,0,N¢i 
requires N = 10-5 per cent.). 

2-Nitronaphthaflavinduline, prepared from 2-nitrophenanthra. 
quinone, crystallises from amyl alcohol in brown needles which 
decompose on heating. It yields fine terra-cotta shades on wool 
(Found: N = 8-5. CygH,,0,N,Cl requires N = 8-61 per cent.), 

4-Nitronaphthaflavinduline, prepared from 4-nitrophenanthra. 
quinone, crystallises from amyl alcohol in dark brown needles, 
which melt and decompose at 165°. It yields maroon shades on 
wool (Found: N = 8-55. Cyg9H,,0,N,Cl requires N = 8-61 per 
cent.). 

2 : 7-Diaminonaphthaflavinduline—Two grams of 2 : 7-diamino. 
phenanthraquinone, dissolved in 150 c.c. of hot glacial acetic acid 
containing 30 c.c. of nitrobenzene, were treated with 2 grams of 
phenyl-l-amino-@-naphthylamine, and through the solution a 
current of dry hydrogen chloride was passed. The condensation 
product crystallised in fine, dark blue, microscopic needles, which 
decomposed on heating. The compound is slightly soluble in 
acidified water, and dyes wool to a beautiful bluish-black shade 
(Found: N = 11-62. C,,H,,N,Cl requires N = 11-84 per cent.). 

4 : 5-Diaminonaphthaflavinduline was obtained from 4: 5-di- 
aminophenanthraquinone. It melts and decomposes above 290° 
and yields violet-black shades on wool (Found: N = 11-71. 
Cy9H,,N,Cl requires N = 11-84 per cent.). 

2-A minonaphthaflavinduline.—2-Aminophenanthraquinone hydro- 
chloride (1-2 grams) and 1-4 grams of phenyl-1-amino-$-naphthy]- 
amine hydrochloride were mixed in hot glacial acetic acid solution. 
On cooling, the condensation product crystallised in fine, blue, 
microscopic needles. The substance melts and decomposes at 
195° and yields dull bluish-black shades on wool (Found: N = 
9-17. CygHagN,Cl requires N = 9-1 per cent.). 

4-Aminonaphthaflavinduline was obtained from 4-aminophen- 
anthraquinone in a manner similar to the above. The substance, 
which crystallises in blue needles, melts with decomposition at 
128—130°, and dyes dull violet-blue shades on wool (Found: 
N = 8-82. Cy 9H, N;,Cl requires N = 9-1 per cent.). 

2 : 7-Dihydroxynaphthaflavinduline—Two grams of 2:7-di- 
hydroxyphenanthraquinone and 2 grams of phenyl-l-amino- 
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inaphthylamine were condensed together in the usual manner in 
presence of glacial acetic and concentrated hydrochloric acids. 
The product gradually crystallised in.brown needles, m. p. 245° 
decomp.). The substance is slightly soluble in water and dissolves 
in alkalis with a dark brown colour. It yields fine Vandyke-brown 
hades on wool (Found: N = 5-95. CygH,,O,N,Cl requires 
N= 5-9 per cent.). 
4: 5-Dihydroxynaphthaflavinduline, obtained from 4 : 5-dihydroxy- 
phenanthraquinone, crystallises from dilute acetic acid in dark 
brown needles, not melting below 290°. It dissolves in alkalis 
Wool B vith a yellowish-brown colour and dyes fine nut-brown shades 
‘ m wool (Found: N = 5-54. Cy 9H,,0,N,Cl requires N = 5-9 
per cent.). 
les, 2-Hydroxynaphthaflavinduline was obtained from 2-hydroxy- 
© B ohenanthraquinone in a similar way to the 2: 7-dihydroxy-com- 
ad pound. It crystallises from a mixture of amyl and ethyl alcohols 
in microscopic, bluish-brown needles, m. p. 174° (decomp.). It 
n0- Bis very slightly soluble in water and dissolves in alkalis with a 
cid dirty brown colour. It yields clay-coloured shades on wool 
a (Found: N = 5-8. Cyj9H,,ON,Cl requires N = 6-1 per cent.). 
he 4-Hydroxynaphthaflavinduline, obtained from 4-hydroxyphen- 
°n F anthraquinone, crystallises from dilute acetic acid in dark brown, 
- microscopic needles, which melt and decompose at 192°. It is 
rs slightly soluble in water and dissolves in alkalis with a yellowish- 
° § brown colour. It dyes flesh-coloured shades on wool (Found : 
N= 5-6. Cy 9H,,ON,Cl requires N = 6-1 per cent.). 
° Dibromonitronaphthaflavinduline.—Dibromonitrophenanthraquin- 
one (Mukherjee and Watson, T., 1916, 109, 617) (1-9 grams) and 
1:1 grams of phenyl-l-amino-8-naphthylamine were digested in 
concentrated sulphuric acid (20 c.c.) for ten minutes at the ordinary 
temperature, and the solution was poured into water. The pre- 
cipitate was collected, boiled with concentrated hydrochloric acid 
for some time, and crystallised from glacial acetic acid. The 
4 substance, obtained in fine, dark brown needles, melts and decom- 
poses at 230°, and yields beautiful sepia shades on wool (Found : 
Br = 25-1. Cyg9H,,0,N,CIBr, requires Br = 24-8 per cent.). 
Bromodinitronaphthaflavinduline was prepared from  bromodi- 
nitrophenanthraquinone (Mukherjee and Watson, loc. cit.) in a 
similar way to the above. It crystallises from glacial acetic acid 
in brown, microscopic needles, which melt and decompose at 
205—207°, and yields brown shades on wool (Found: Br = 13-2. 
Cy9H,,0,N,CIBr requires Br = 13-09 per cent.). 
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CCX XXV.—Researches on Residual Affinity and Co. 
ordination. Part X. WSalicylatotetramminocobaltic 
Salts and the Constitution of Oxonium Compounds, 


By Gitsert T. Morean and J. D. Maryn Smriru. 


In an investigation of the cobaltammine lakes of azo-dyes derived 
from salicylic acid, it became desirable to prepare the pent. 
amminocobaltic salt of salicylic acid itself, and this lake was obtained 
as a sage-green, insoluble precipitate, but in attempting to vary 
the method of production by adding dry salic “ acid to a warm 
solution of cobaltammine reagent (this vol., pp. 165 and 1969), we 
found that an intermediate product was le ‘which separated 
in well-defined, dark red crystals. This compound proved to be 
salicylatotetramminocoballic chloride (formula I) containing a new 
cobaltammine complex in which the bivalent salicylate radicle js 
implicated as a chelate group. 


O—-< 
(I.) (NH,),Co“ \—" Cl or Br 
‘O—C—0 ...H,0 


By employing a cobaltammine reagent containing bromine, the 
corresponding bromide was produced with equal readiness. Both 
compounds contained one molecular proportion of water, which 
was not evolved below 135°. The reaction was then extended to 
the production of other members of the series, and it was found 
that the normal salts of the new complex with various acids con- 
tained at least one molecule of water, which was tenaciously retained. 
The nitrate (11), for example, crystallised with 3H,O0, but two were 
evolved at 100°. 
| sy 
aL) | (NH,) ico > 4 [NO,(H,0),] 
‘O—C—O...H,0 


\ 
The todide and iodate each contained 3H,O and the sulphate 
4H,O, but only one molecule of water per complex was retained 
above 100°. 


1. The Salicylatotetramminocobaltic Complex as a Compound 
Alkali Ton. 

The new univalent salicylatotetramminocobaltic complex has 
the singular property of simulating the behaviour of the sodium 
ion in regard to the solubility of its salts in water. Acidic radicles 
which serve as precipitants for the sodium ion give rise to sparingly 
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gluble salicylatotetramminocobaltic salts. The oxalate and «-naph- 
thylamine-S-sul phonate are sparingly soluble. The bicarbonate (VII) 
js much less soluble than the carbonate (p. 1967), and the hydrogen 
silicofluoride (X) is also sparingly soluble. The chloride, bromide, 
and iodide of the salicylato-complex have the same order of solu- 
bility as sodium chloride, bromide, and iodide. Moreover, the 
new complex iodide and ioddte both separate with two loosely 
attached molecules of water, thus resembling dihydrated sodium 


iodide and iodate. 


2 The Salicylatotetramminocobaltic Radicle as an Oxonium Complex. 

The constant occurrence of firmly held water in the normal salts 
of the new series raises the question of the chemical constitution 
of the salicylato-complex. It seemed possible at first that the 
water molecule was directly associated with the central cobalt atom 


as in the acidoaquotetramminocobaltic salts, | soCoNH), [Cle 
2 


(VYortmann, Ber., 1877, 10, 1451; Werner and Wolberg, tbid., 1905, 
38, 2009), where only one co-ordination position is left for the 
implicated acido-radic!e. A description of the new salicylato-salts 
on this basis would lead to the following formula, 
C,H,—(——0. | 
au) |° "| — Sco(XH,),|X, 
CO-O—|_ H,0° | 


which indicates only one limb of the chelate group as implicated 
in the co-ordination sphere, the other and probably the carboxo-, 
(0-0-limb being present in the form of a “ bound” ion.* In the 
present instance, however, another explanation is much more 
probable, namely, that this firmly held water is co-ordinated, not 
with cobalt, but with the unsaturated carbonyl oxygen. This 
leaves two co-ordination positions round cobalt which are filled by 
the bivalent salicylate radicle functioning as a chelate group. 
This configuration, which is symbolised in formule I and I, is 
supported by the following considerations. 

* The hypothesis of the “ bound” ion finds abundant experimental 
justification in our earlier communications on the cobaltammine lakes of 
mordant dyes (T., 1921, 119, 704; 1922, loc. cit.), in which sulphonate ions 
are bound up in complex molecules of the lakes, this tying up of the ions being 
often accompanied by very appreciable decrease in the solubility of the 
lake. Pfeiffer has now made use of this conception in a new theory of the 
constitution of the betaines (Ber., 1922, 55, [B], 1764)... ‘‘ Der ganze 
Unterschied im Aufbau des Kochsalzes oder Natriumacetats einerseits und 
der Betaine andererseits besteht also darin, dass in den ersteren Salzen die 
lonen getrennt nebeneinander liegen, wahrend in den Betainen die Ionen 
durch Atomketten miteinander verkniipft sind.” 
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The presence of the firmly held water molecule in the salicylato. 
series of normal cobaltammine salts is reminiscent of the oxoniun 
salts of coumarin (Morgan and Micklethwait, T., 1906, 89, 863), 
in which it was shown that each molecule of this aromatic lactone 
is accompanied by one molecule of water : (C,H,O,,H,O),H,PtCl, 
(C,H,0,,H,O),,HAuCL, and (C;H,O,,H,O),,H,Co(CN),. 

It will be noticed that the salicylato-complex has a skeletal 
structure (VI) containing oxygen atoms in a state of combination 
similar to that in which this element exists in the «- and y-pyrones 
(IV and V). 


(V.) 
This analogy in chemical structure leads to a similar tendency 
towards the formation of hydrates in which the electronegative 
oxygen of the unsaturated carbonyl group becomes associated 
co-ordinatively with the electropositive hydrogen of water. 


R-C0 + H-OH — [R-C:0 ... H-OH] 


If this view of the position of the water molecules in the salicylato- 
series of salts is correct, it should be possible to replace this water 
by other compounds containing electropositive hydrogen. This 
anticipation has been confirmed hy a study of the acid salts 
(hydrogen salts) of the new series. Our experimental results show 
that the firmly held water molecule is absent from these acid salts. 
This elimination of water has been shown to be general with the 
significant exception of the bisulphite (VII), and it is a fair inference 


0 
(VIL) | (NH,), SO,H 


that the positive hydrogen of the acid salt has replaced the water 
molecule in the oxonium complex. This replacement of water of 
hydration by positive hydrogen takes place with acids of varying 
basicity and widely different strengths. 

Salicylatotetramminocobaltic bicarbonate (VIII), a _ well-defined 
hydrogen salt and a key to the preparation of other compounds 
of the series, is anhydrous. 


(VILL) | (NH,)CoC \—_H--0-C0, 
O C—O” 
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ylato.§ By double decomposition from the bicarbonate, hydrofluosilicic 
Onium § acid furnishes two salts, the normal salicylatotetramminocobaltic 
, 863), silicofluoride (IX), with two firmly attached water molecules, and 


aCtone | i, 
Pt i 
OF ax) | H,),Cox 7 [SiF’,,2H,0] 
| O—C—0O ...H,0 
eletal \ Je 
tation Bf the acid or hydrogen silicofluoride (X), which is anhydrous. 
Tones — 
at } 1 
a) | (NH cof? S—7 H—| sir, 
\o—c=0- 


L 


It is significant in this connexion that the monobasic acids such as 
nitric and perchloric acids which give stable oxonium salts (Kehr- 
man and Mattison, Ber., 1902, 35, 343; K. A. Hofmann, Metzler, 
and Lecker, Ber., 1910, 43, 178) also furnish anhydrous hydrogen 


“ney § alts with the salicylato-complex. The hydrogen dinitrate (X1) is 
itive . . : as : 
ated free from co-ordinated water and stable in air, differing entirely 


in this respect from the hydrated, hygroscopic, normal nitrate (II). 


. 0-—-C Hi . 
(XL) | (NH,),Co< alt 4 | (NO,), 


Salicylatotetramminocobaltic hydrogen diperchlorate (XII), also 
obtained from the bicarbonate, is a similarly constituted anhydrous 


This 

alts salt. 

= (XII) | (NHS) H,),Co<> Co. 0 H-| (ClO), 
‘ a 


3. Observations on the Theory of Oxonium Salts. 


The older theory of oxonium salts was based on the view that 
under certain conditions bivalent oxygen could become quadri- ’ 
valent by entering into direct combination with the electropositive 
and electronegative ions of an acid to form a salt analogous in 
constitution to ammonium salts when the latter were regarded 
as being derived from quinquevalent nitrogen. The current 
electronic hypothesis of principal valency renders these older 
conceptions, however, quite untenable. There can be no increase 
in the valency of oxygen or nitrogen when the element is simul- 
taneously accepting an electron and giving one away. The co- 
ordination hypothesis of oxonium salts, which is quite in accord 
with modern conceptions of the structure of the atom, requires 
of oxygen a principal valency not greater than two and a co-ordin- 
ation number not greater than three. This view runs parallel 
with the co-ordination hypothesis of ammonium salts where nitrogen 
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is regarded as remaining tervalent, but with a co-ordination number 
four. 

The results obtained in the study of normal and hydrogen salts 
of the new complex alkali ion, salicylatotetramminocobalt, afford 
additional experimental evidence for the general hypothesis first 
put forward by Werner that oxonium salts and hydrated salts are 
analogously constituted substances and arise from a similar tendency 
on the part of bivalent oxygen compounds to become associated 
by virtue of supplementary valency with compounds containing 
electropositive hydrogen or metallic radicles (“‘ Neuere Anschauun. 
gen auf dem Gebiete der Anorg. Chemie,’’ ed. 1920, p. 264). 

The new salicylatotetramminocobaltic complex contains two 
co-ordinating centres, the electropositive cobalt atom and the 
electronegative oxygen of the carbonyl group. This oxygen be. 
comes associated either with the hydrogen of a water molecule 
in the hydrated normal salts (formule I and I) or with the hydrogen 
of an acidic radicle in the anhydrous hydrogen salts. Of these 
anhydrous salts we have two classes: (1) those derived from 
monobasic acids—for example, the acidic dinitrate and diper. 
chlorate (formule XI and XII), and (2) those derived from dibasic 
acids, for example, the hydrogen carbonate (VIII), the hydrogen 
silicofluoride (X), and the biselenite (p. 1968). The only apparent 
exception to these generalisations is the bisulphite, which, although 
a hydrogen salt, is hydrated like the normal salts. This anomaly 
disappears, however, when it is borne in mind that sulphurous 
acid is a tautomeric substance 


H,[SO,] == H!HS0,] 


reacting in one or other of the forms symbolised in the foregoing 
formule. The bisulphite of the complex salicylatocobaltammine 
is a derivative of the monobasic form of the acid in which the 
remaining hydrogen, being implicated in an electronegative con- 
plex, is not attracted by the similarly charged oxygen atom of the 
oxonium group. Hence the latter atom becomes co-ordinated 
with water as in the normal hydrated salts. It is of interest to 
note that the biselenite, on the contrary, is anhydrous, thus falling 
into line with the other anhydrous hydrogen salts. 


Summary. 


1. The salts of the salicylatotetramminocobaltic serics are well 
defined, soluble compounds resembling the salts of the alkali 
metals, so that the new salicylatocobaltammine radicle may be 
regarded as a compound univalent alkali ion. Its very soluble 
hydrated carbonate and more sparingly soluble anhydrous bi- 
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arbonate, which are both stable in the solid state, resemble the 
erresponding salts of sodium. 


1umMber 


n salts § 2. The salicylatotetramminocobaltic radicle is accompanied by 
afford Mone molecule of firmly held water of constitution in all its normal 


is first alts, of which fourteen have been examined, but it becomes 


Its are ff mhydrous when present in its acid or hydrogen salts (5 examples) 
idency Hyith the exception of the bisulphite, which is hydrated like the 
ciated Hf pormal salts. 


8 The singular variation in the state of hydration of the new 
alieylatocobaltammine radicle is attributed to the presence in the 
wmplex of a subsidiary co-ordinating centre due to the oxygen 
of the unsaturated carbonyl group. This electronegative oxygen 
atom co-ordinates either with water in the hydrated normal salts 
(XIII) or with a hydrion in the acid or hydrogen salts (VIII and 
XI), in the latter case giving rise to anhydrous oxonium salts. 


(XIII.) [R—=C—O...H-OHJX’ [R=—C—O...H-]-X,’ (XIV.) 


4, The present investigation has revealed the existence of two 
types of these oxonium salts, one series derived from monobasic 
aids (XIV) and the other from dibasie acids (XV). 


xv.) [R=C=O...H---X” [R=C=O ... H-OH](SO,H) (XVE) 


5. The bisulphite (XVI) is exceptional in containing the hydrated 
form of the salicylatocobaltammine radicle (VII), probably because 
the hydrogen of the bisulphite group is tied up in an electronegative 
complex and therefore is not available for the formation of oxonium 
salts. 

§. Hydrated salts, oxonium salts, and complex aquo-salts (for 
example, roseo-cobaltic and -chromic salts) are regarded as oxonium 
compounds containing bivalent electronegative oxygen associated 
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ated EXPERIMENTAL. 
t to I. Hydrated Normal Salts of the Salicylatocobaltammine Series. 
ling Salicylatotetramminocobaltic Chloride (Formula I).—-To 476 grams 


of hexahydrated cobalt chloride in 1 litre of water and 795 c.c. of 
I8NV-ammonia were added successively 340 c.c. of 6N-hydrogen 
peroxide and 276 grams of finely powdered salicylic acid. The 
dark brown solution became deep red on warming at about 60° 
and, as the liquid cooled, reddish-violet, prismatic needles separated 
until a thick paste was formed. The product, after washing 
successively with water, alcohol, and ether, was crystallised from 
hot water, when the sage-green cobaltammine salicylate lake was 
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left as an insoluble impurity (12 per cent.); the filtrate yielded 
reddish-purple, six-sided, prismatic plates and flattened needles, 
which under the microscope appeared as well-defined, deep req, 
transparent plates and lamellze (yield 60 per cent.). A complete 
analysis gave the following data: Co = 18-4; NH, = 21-7; (| ~ 
11-4;C = 26-5; H = 5-8; ionic Cl = 11-5. C,H ,0,CoANH(1,H,0 
requires Co = 18-6; NH, = 21-5; Cl = 1-2: C = 265; H=5 57: 
ionic Cl = 11-2 per cent. 

Salicylatotetramminocobaltic chloride was readily soluble in water 
to a deep red solution, evolved ammonia with hot alkalis, gaye 
silver chloride quantitatively with silver nitrate, dissolved in cold 
concentrated sulphuric acid to a red solution evolving hydrogen 
chloride, and developed an intense green coloration with cold 
concentrated or warm 5N-nitric acid, but not with other mineral 
acids. This hydrated salt retained its weight even after heating 
for five hours at 100°. The same yield of product was obtained 
even with thrice the above proportion of salicylic acid, but the 
proportion was much diminished, with the formation of an insoluble 
greenish-black powder, if the liquid was boiled or if ammonium 
salicylate was employed in excess of aqueous ammonia. 

Salicylatotetramminocobaltic Bromide (Formula  1I).—Cobaltous 
bromide dihydrate (327 grams) was dissolved in 300 c.c. of water 
and added slowly to 726 c.c. of 1I8N-ammonia. A pink crystalline 
precipitate appeared; the mixture was cooled in ice and 218 c.. 
of 6N-hydrogen peroxide were added slowly with stirring. The 
liquid assumed a reddish-brown tint, but the pink precipitate did 
not dissolve until the mixture was diluted with 100 c.c. of 
5N-ammonia and 60 c.c. of 6N-hydrogen peroxide. Finely pow- 
dered salicylic acid (177 grams) was then added; the dark brown 
solution was warmed at 50°, when it became deep red, and after 
further heating at 80° for fifteen minutes it was filtered while hot 
from a small amount of the sage green salicylic lake. The filtrate, 
when cooled to 0°, yielded 262 grams of purplish-red, flattened 
needles or plates (yield = 56 per cent.). When recrystallised from 
hot water, dark purple, elongated, six-sided plates were obtained 
which by transmitted light appeared to be transparent and deep 
red [Found: Co= 16-4; NH,= 19-0; Br= 22-1; C= 236; 
H = 5-0. C,H,0,Co(NH,),,Br,H,0 requires Co = 16-3; NH, = 
18-8; Br = 22-1; C = 23:3; H = 5-0 per cent.]. This bromide 
resembled the chloride, but was rather more soluble in water. 

Salicylatotetramminocobaltic Iodide, 

O—C,H, 
| (NH,),Co< “ie an) I(H,0)p. 
—The normal iodide was best obtained by adding 5-5 c.c. of 50 per 
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cent. hydriodic acid and 5 c.c. of water to 6-5 grams of the bicar- 
honate (p. 1967). The free iodine present in the acid was removed 
by ether and the solution allowed to concentrate at 0° until dark, 
brownish-red crystals separated. The product after recrystallis- 
ation from warm water separated in dark red plates with a neutral 
reaction to moist litmus [Found: Co= 13-8; NH, = 15:3; 
[= 28:3, 28:7; H,O=9-4. C,H,0,Co(NH;),I(H,O), requires 
Co = 13-3; NH, = 15:3; I = 28-6; 2H,O = 8-1 per cent.]. An 
attempt to prepare this compound by the method employed in 
the case of the chloride and bromide led to a product which con- 
tained excess of hydrogen iodide and appeared to consist mainly 
of an acidic iodide. 

Cobaltous iodide dihydrate (34-9 grams) was dissolved in 35 c.c. 
of water, and 57 c.c. of 18N-ammonia were added, when a heavy, 
dark brown precipitate separated. To the mixture cooled in a 
freezing mixture were added very slowly 17 c.c. of 6N-hydrogen 
peroxide. Iodine was liberated, with consequent formation of 
nitrogen iodide. A further 25 c.c. of 18N-ammonia were added 
to remove this explosive compound, and then successively a further 
10 cc. of 6N-hydrogen peroxide and 13-8 grams of powdered 
salicylic acid. On heating at 75° for fifteen minutes, the dark 
muddy liquid cleared and became deep red. Nothing separated 
on cooling the filtered solution at 0° until the liquid had been 
concentrated considerably over calcium chloride, when irregular, 
dark red crystals appeared in a green scum of the sage-green lake 
mixed with tri-iodophenol. This insoluble residue, after washing 
with warm benzene and ether, was dissolved in hot water, when 
the acidic cobaltammine iodide crystaliised in brownish-red, 
irregular plates (yield 14 per cent.) [Found: Co = 13-3; NH, = 
162; T= 41-1. {C,H,O,Co(NH,),I},HI requires Co = 13-0; 
NH, = 15-0; I = 41-9 per cent.]. This preparation was strongly 
acidic to moist litmus. 

The normal salicylatotetramminocobaltic iodide resembled the 
chloride and bromide in many physical and chemical properties ; 
but it was much more soluble in water, contained additional water 
of crystallisation, and tended to form uncrystallisable syrups. 

Salicylatotetramminocobaltic Mercurihaloids—1. Mercurichloride, 


|(NH,),Co< m [Hg,Cl,]. Mercurie chloride (5-4 
2 


en 

O—CO...H, 
grams), dissolved in 50 c.c. of 50 per cent. alcohol, was added to 
6-3 grams of the foregoing chloride in 40 c.c. of hot water. On 
cooling the solution, glistening purple plates separated, weighing 
6 grams. When recrystallised from hot water, the mercurichloride, 
which separated in well-defined, dark purple plates, was much 
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less soluble than the simple chloride (Found : Co = 8-1; NH, = 9-3. 
Hg = 42-4; Cl=19-8. [C,H,O,Co(NH,),],,[HggCl,],(H Os re. 
quires Co = 8-1; NH, = 9-4; Hg = 41- 6: ae = 19. 6 per cont.) 


. , | 7" H, Sali 
Mercuribromide, | (NH) 4Co< o—¢ 0. i, a | [Hg,Br,]. Mer. hin 
curic bromide, dissolved in warm aleohol, was added to a hot Man aci 
aqueous solution containing the same weight of the foregoing § Sali 
bromide. On cooling, the mercuribromide separated in dark purple fj (27-6 | 
scales; it was recrystallised from hot water and obtained in Ell 
glistening, dark purple plates, much less soluble than the “an minut 
bromide (Found: Co = 6-7; NH, = 7-5; Hg = 33-3; Br = 35- crops 
[C,H,O,,Co(N H),].,{ Hg sBr, 31,(H,0). yequires Co = 6-5: NH, = § conce 
7-5; Hg = 33- 4. ; Br = 35-5 per cent.). slight 
3. Mercuri-iodide, (NH,) oS oH, | tHe £14]. Salicyl. cobal 
POO... ade evap 
atotetramminocobaltie bic adiaan (p. 1967) (6-5 ) ; grams) was dis. § furni 
solved in 5-5 c.c. of 50 per cent. hydriodic acid and 5 ¢.c. of water, § the 1 
the free iodine being removed by ether. The blood-red aqueous § was 
layer, from which the iodide did not separate after three hours on § prec 
ice, was divided into two equal parts, one of which was ground up NH, 
with 4-6 grams of freshly precipitated mercuric iodide. Much of § quit 
this mercury salt remained undissolved until the second part of § thir 
the complex iodide solution was added, when the mercuric com- S 
pound disappeared rapidly and was replaced by a heavy, purple, 
crystalline powder, which crystallised from a large volume of hot 
water in sparingly soluble, glistening, purplish-black, wedge-like, —] 
elongated prisms (Found: Co = 9-4; NH, = 10-8; Hg = 15-0; anc 


[= 40-1. [C,H,O,Co(NHs),].[HgI,],(H,O), requires Co = 93; 


NH, = 10-7; Hg = 15-8; I = 40-0 per cent.). These three well- oth 
crystallised mercurihaloids were deep red by transmitted light, sag 
their solubility decreased from chloride to iodide, they developed alr 
the characteristic intense green coloration with concentrated cel 
nitric acid, but the colour produced with the iodide changed rapidly br 
to yellow owing to liberation of iodine. Cc 
Sal icylatoteti ramminocobaltic Iodate, [C 
(NH) Co CoH, [0,(H,0),. 
—b0. . H,O eo re 

—This salt was prepared in 82 per ovek. yield by adding 3-52 grams 
of iodic acid (1 mol.) in 20 ¢.c. of water to a suspension of 6-5 grams Ww 
of the bicarbonate in 10 ¢.c. of water. Carbon dioxide was evolved St 
and the deep red liquid set to a hard red mass, to which 20 c.c. of r 
water were added and the mixture ground up to a thin paste. n 
The insoluble product, consisting of purplish-red plates, pale ¢ 
purplish-pink by transmitted light, was moderately soluble in t 


water to a red solution, from which silver nitrate precipitated 
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= 93-E white silver iodate [Found: Co = 12-1; NH, = 13-8; I = 25-9. 
2 te. BCH,O,Co(NH;),10,(H,0); requires Co = 12-0; NH, = 13-8; I = 
it.) 95-8 per cent. ]. 

Mer. Salicylatotetramminocobaltic todate resembles the normal alkali 


iodates in its tendency to combine with more iodic acid to form 


an acid iodate. 
Salicylatotelramminocobaltic Nitrate (Formula II). 


Salicylic acid 


urple § (27-6 grams) was added to 190 c.c. of cobaltammine nitrate reagent 
d in 11-8 grams Co) and the brown mixture warmed at 70° for ten 
Mple # minutes until it became deep red and deposited successively two 
35-7. ff crops of the sage green salicylate lake (7 per cent. yield). The filtrate, 
; = [concentrated over calcium chloride under reduced pressure and 

slightly acidified with 2N-nitric acid, yielded 18 grams of roseo- 
cyl. cobaltic nitrate (30 per cent. yield). The final mother-liquor, 

evaporated to complete dryness at the ordinary temperature, 
dis- § furnished 51 grams of brown powder, which was redissolved in 
ter, # the minimum amount of water. The salicylatotetrammine nitrate 
ous ff was precipitated by alcohol as a very hygroscopic, brownish-buff 
on § precipitate and dried over calcium chloride [Found: Co = 15:8; 
up — NH, = 17-9; H,O at 100°= 9-0. C,H,O,Co(NH;),NO,;,3H,O re- 
of # quires Co= 15-6; NH,;=17-9; 2H,O =9-5 per cent.]. The 
of § third molecular proportion of water was retained up to 135°. 


Salicylatotetramminocobaltic Sulphate, 
: O—C,H, | 
| (NH ).Co< SB ...H,0 1 
—The sulphate of the new series proved to be extremely soluble 
and attempts at preparing it from salicylic acid and cobaltammine 
reagent gave only a 13 per cent. yield of the required salt, the 
other products being roseocobaltic sulphate (48 per cent.) and the 
sage green lake (5 per cent.), but by decomposing salicylatotetr- 
amminocobaltic bicarbonate with the calculated amount of 10 per 
cent. sulphuric acid this sulphate was readily obtained in small, 
bright damask-red plates, the yield being 92 per cent. (Found : 
Co=— 169; NH, =195; S=52; H,O at 100°= 558. 
[C,H,O,Co(NH3),],80,,4H,O requires Co= 17-0; NH; = 19-6; 
S=46; 2H,O = 5-2 per cent.). The remaining water was 
retained up to 135°. 

Salicylatotetramminocobaltic sulphate was extremely soluble in 
water to a deep red solution very prone to become supersaturated, 
so that, owing to slow decomposition, the salt could not be 
recovered, as it yielded the sage green lake. With concentrated 
nitric acid the sulphate solution developed the characteristic green 
coloration exhibited by all the preceding and following salts of 
the salicylato-series. 

Salicylatotetramminocobaltic Silicofluoride (Formula 1X).—A slight 


[SO,,(H,0),]. 
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deficiency of 5N-hydrofluosilicic acid was added to a 30 per cent, 
solution of the bicarbonate followed by a few drops of alcohol, 
when the liquid set to a thick crystalline paste consisting of 
purplish-rose, micaceous plates of the normal silicofluoride, which 
were very soluble in water but insoluble in alcohol or ether [Found: 
Co= 15-7; NH, = 18-4; F=15-1. C,H,O,Co(NH;),SiF,,4H,0 
requires Co = 15-9; NH, = 18-4; F = 15-4 per cent.]. 

In this salt and in the hydrogen silicofluoride the fluorine was 
estimated volumetrically by adding excess of calcium chloride to 
solutions of the silicofluorides, when calcium fluoride was produced 
and the equivalent amount of hydrochloric acid was set free; the 
latter was titrated with standard alkali. 

Salicylatotetramminocobaltic Oxalate, 

O—C,H, | 
| (NH),Co<S Fe *H,0 Jo°20« 
—This salt was obtained in 80 per cent. yield by adding the calcu. 
lated amount of oxalic acid to a 60 per cent. solution of the normal 
carbonate; it consisted of dark red, flattened needles or plates, 
only moderately soluble in water [Found : Co = 18-4; N H, = 209; 
C,0, = 13-2. C,H,O,Co(NH,),C,0,,2H,O requires Co = 18-2; 
NH, = 20-9; C,0, = 13-5 per cent.]. 
Salicylatotetramminocobaltic «-Naphthylamine-8-sulphonate, 


O—C,H 
NH 6°"4 
( MOS 86 * a0 ~s0,f 


{ 
—The «-naphthylamine-8-sulphonate was obtained as a heavy, 
crystalline, dark red powder on adding 2-2 grams of Schdélkopf 
acid to 3-24 grams of the bicarbonate dissolved in 15 c.c. of 
warm water, the reagents being thoroughly mixed in a mortar. 
This salt, which was practically insoluble in water, consisted 
of small, dark red plates (Found: Co= 11-6; NH, = 138. 
[C,;H,O,Co(N Hg), |C,;9H,O,NS,H,O requires Co = 11:7; NH, = 13-5 
per cent.). 
Salicylatotetramminocobaltic Picrate, 
7 NO 


2 
O—C 6H, a a, 
= COR US *..H,o [O_O 
NO, 

—A solution of 8-5 grams of the cobaltammine bicarbonate in 
18 c.c. of water was stirred with considerable excess of picric acid, 
the mixture evolved carbon dioxide, but only on warming, and a 
heavy precipitate consisting of dark brownish-red plates was 
deposited; this was freed from picric acid and ammonium picrate 
by prolonged extraction with cold water and acetone and subse- 
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yent washing with alcohol and ether. The product, when 
crystallised from hot water, separated in glistening, brownish-red, 
six-sided prisms or plates, bright red by transmitted light [Found : 
(o = 11:7; NH, = 13-4. C,H,O,Co(NH3,),,C,H,O,N;,H,O requires 
(o = 11-6; NH, = 13-4 per cent.]. 
Salicylatotetramminocobaltic Carbonate, 
[HN Co< 0 OG 0 |,C°oH0. 

—A solution of the carbonate (6-5 grams) in 10 c.c. of water, pre- 
pared by treating the bromide with moist silver carbonate, was 
diluted with an equal volume of alcohol, the solution cooled to 0°, 
and treated slowly with 5 c.c. of ether. A pink, amorphous pre- 
cipitate appeared which rapidly became dark red and crystalline. 
After two days in the ice-chest, this precipitate was collected (3-8 
gams or 58 per cent. of theory). It consisted of purplish-red, 
micaceous plates, pale red by transmitted light, and was very 
sluble in water. The solution was strongly alkaline to litmus 
and methyl-orange; it gave an immediate precipitate with barium 
chloride and evolved carbon dioxide on acidifying [Found : Co = 
184; NH, = 21-2; CO, = 6-8. C,,H,O,Co,(NH;),CO,(H,O), re- 
quires C = 18-4; NH, = 21-2; CO, = 6-9 per cent.]. 


II. Anhydrous Hydrogen Salts of the Salicylatocobaltammine Series. 


Salicylatotetramminocobaltic Bicarbonate (Formula VIITI).—This 
salt, the key to the preparation of many other normal and acid 
salts of the series, was prepared by triturating 63-3 grams of 
salicylatotetramminocobaltic chloride for one hour with freshly 
prepared silver carbonate and 35 c.c. of water. The mixture 
changed from dark red to pink, and a slight odour of ammonia 
was noticed. The filtrate from silver chloride was a deep red, 
highly alkaline solution containing the very soluble normal car- 
hnate. On saturating with carbon dioxide, the liquid set to a 
stiff purplish-red paste of small, glistening plates (45 grams or 
75 per cent.). This bicarbonate was recrystallised from dilute 
alcohol saturated with carbon dioxide [Found : Co = 18-3; NH, = 
21; CO, = 13-2. C,H,O,Co(NH,),CO,;H requires Co = 18-2; 
NH, = 21-0; Co, = 13-6 per cent.]. 

The bicarbonate obtained in dark red plates was slightly alkaline 
to litmus and was moderately soluble in water, evolving carbon 
dioxide on warming. It gave no precipitate with calcium chloride 
in the cold, but calcium carbonate was deposited on boiling. 

Attempts to prepare salicylatotetramminocobaltic hydroxide 
with the chloride and moist silver oxide led to decomposition of 
the co-ordination complex and liberation of ammonia. 
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Salicylatotetramminocobaltic Hydrogen Silicofluoride (Formula X), 
—This hydrogen salt was prepared by adding excess of 5N-hydro. 
fluosilicic acid to a 30 per cent. solution of the bicarbonate, whey 
after one hour a mass of red crystals was obtained having a bright 
brownish-red tint by transmitted light (Found: Co = 144. 
NH, = 16-8; F = 28-2. [C,;H,O,Co(NH,),|Sif,H requires Co = 
14-5; NH, = 16-8; F = 28-1 per cent.). 

Salicylatotetrramminocobaltic Hydrogen Dinitrate (Formula X1)— 
This acid nitrate was prepared in 68 per cent. yield by dissolving 
the bicarbonate in the equivalent amount of 2-5N-nitric acid and 
by adding a further equivalent amount of 4N-nitric acid. The 
solution then set to a purple-red, crystalline paste consisting of 
bright rose-red aggregates of glistening plates, which were stable 
in air, thus differing from the hygroscopic normal nitrate [| Found; 
Co = 15-0; NH, = 17-3; HNO, = 15-8. C,H,O,Co(NH,),H(NO,), 
requires Co = 15-2; NH, = 17-5; HNO, = 16-2 per cent.]. 

Salicylatotetramminocobaltic Hydrogen Diperchlorate (Formula 
XI1).—T wo equivalents of 2N-perchloric acid were added to the 
bicarbonate, a blood-red solution was formed which speedily set 
to a crystalline paste consisting of reddish-brown, glistening plates 
stable in air and moderately soluble in water to a deep red, intensely 
acid solution [Found: Co = 12-7; NH, = 14-7; HClO, = 21-9. 
C,H,0,Co(NH,),(ClO,),H requires Co=12-7; NH, = 147; 
HClO, = 21-7 per cent. }. 

The normal perchlorate could not be isolated owing in all prob- 
ability to its extreme solubility in water or alcohol. 

Salicylatotetramminocobaltic Hydrogen Selenite, 

| (NH,),Co<) 8 H-| O-Se0,. 

—The bicarbonate (6-5 grams) was ground up with 2-6 grams of 
selenious acid (1 mol.) and 10 e.c. of water. Carbon dioxide was 
evolved and a deep red solution was formed, from which nothing 
separated even on addition of alcohol. A further 2-6 grams of 
selenious acid in 5 c.c. of water was added together with an equal 
bulk of alcohol. From the solution, cooled in the ice-chest, dark 
red needles separated slowly. These crystals were readily soluble 
in water to a dark red solution which yielded red selenium on 
adding sulphurous and hydrochloric acids [Found: Co = 1572; 
NH, = 17-2; Se = 20-3. C,H;0,Co(NH,),SeO, requires Co= 
15-1; NH, = 17-4; Se = 20-2 per cent.]. 


ILL. Salicylatotetramminocobaltic Hydrogen Sulphite (Formula VII). 


The bisulphite was produced in 92 per cent. yield by passing 
excess of sulphur dioxide into a suspension of the bicarbonate 
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(97 grams) in 15 c.c. of water. An equal volume of alcohol was 
added and the solution cooled in ice, when red needles separated. 
Recrystallised from hot dilute alcohol saturated with sulphur 
dioxide, the salt separated in dark purplish-red, acicular prisms, 
moderately soluble in water and distinctly acid to litmus; it 
evolved sulphur dioxide with dilute acids [Found : Co = 16:3; 
NH, = 18-6; S = 8-9. C,H,O,Co(NH,),SO,H,H,O requires Co = 
163; NH, = 18-8; S = 8-9 per cent.]. 


IV. The Colour Reaction of the Salicylatotetramminocobaltic Salts. 


The red salicylatocobaltammine salts described in the present 
paper, when treated with 8N-nitric acid (5 mols.), dissolved to a 
dark green solution, the colour of which was so intense that it 
was still perceptible at a dilution of 1 part of cobalt in six million 
parts of water. This coloration, which is one of the most delicate 
colour reactions of cobalt, has served as a useful test in the pre- 
paration of the salicylatocobaltammines. By using the bicarbonate 
and working in strong solutions, the dark emerald-green product 
has been isolated in solid granular form. The nature of the 
chemical change has not been completely elucidated; it is, how- 
ever, certainly complex, leading to alteration of the cobaltammine 
complex and nitration of the salicylate group, 5-nitrosalicylic acid 


having been identified among the decomposition products of the 
green substance. This colour reaction is still under investigation. 


V. The Cobaliammine Reagent. 


The reagent employed in our earlier researches on cobaltammine 
lakes (loc. cit.) and in the production of salicylatotetrammino- 
cobaltic chloride was prepared and identified as follows: An ice- 
cold solution of 23-8 grams of cobalt chloride, CoCl,,6H,O (Co = 5-9 
grams), and 8-5 c.c. of 12N-hydrogen peroxide (H,O, = 1-7 grams) 
in 15 c.c. of water was added slowly to 57 c.c. of 18N-ammonia 
(NH, = 15-3 grams) maintained at 0°. On evaporating nearly to 
dryness over calcium chloride, the intensely dark brown solution 
yielded 19 grams (76 per cent.) of flattened, reddish-purple needles. 
This product, which was found to be hydroxopentamminocobaltic 
chloride, [HO-Co(NH,);|Cl,,H,O (Werner, Ber., 1907, 40, 4098), 
was characterised by adding solid potassium iodide to its con- 
centrated aqueous solution, when the brownish-purple hydroxo- 
pentamminocobaltic iodide separated (Found: Co= 14-1. 
[HO-Co(NH;,);|I, requires Co = 14-2 per cent.). 

When in the foregoing preparations the reagents were not cooled, 
only 65 per cent. of the monohydroxo-derivative was obtained 
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together with 8 per cent. of a mixture of purpureo- and roseo. 

cobaltic chlorides. The other products were uncrystallisable and 

remained on concentration in the dark red strongly alkaline syrup, 

which probably contained highly basic salts including Werner’s 

hexahydroxododeca-amminotetracobaltic chloride, 
[Co{(HO),Co(NH5),4}3]Cl, 

(Ber., 1907, 40, 2103). 


VI. Note on the Preparation of Hexamminocobaltic Chloride (Luteo. 
cobaltic Chloride) in the Rotating Autoclave. 


The various cobaltammines can be converted readily into hex- 
amminocobaltic chloride, the final stage of ammination, by 
digestion with aqueous ammonia in the rotating autoclave (T,, 
1920, 117, 780). 

1. From Chloropentamminocobaltic Chloride (Purpureocobaltic 
Chloride).—A 400 c.c. open bottle containing 25 grams of purpureo- 
chloride, suspended in 100 c.c. of 18N-ammonia, was tightly packed 
by means of asbestos cord into the rotating autoclave. The tem- 
perature was raised gradually to 100° (pressure 30 lb. per sq. in.) 
and then to 120° (45 lb. pressure). After thirty minutes at the 
higher temperature, the autoclave was stopped and cooled. The 
bottle then contained a mass of large, reddish-brown crystals of 
hexamminocobaltic chloride. The mother-liquor, on addition of 
an equal bulk of alcohol, yielded a further crop of this salt (total 
yield = 25 grams or 90 per cent.). 

2. From the Cobaltammine Reagent.—By this method one can 
proceed directly from a cobaltous salt. An open 500 c.c. bottle, 
packed securely in the autoclave, was charged in succession with 
24 grams of hexahydrated cobalt chloride dissolved in 100 c.c. of 
water, 85 c.c. of 15N-ammonia, 16 grams of ammonium chloride 
in 50 c.c. of water, and 20 c.c. of 5N-hydrogen peroxide. The 
dark brown solution was heated slowly during one and a half hours 
to 140° (100 lb. pressure) and the autoclave then cooled. A crop 
of the orange luteo-chloride was separated, and the mother-liquor 
acidified slightly with 10N-hydrochloric acid, when a further crop 
was obtained (total 20 grams). The filtrate was then used to 
dissolve 24 grams of hexahydrated cobalt chloride, and 85 c.c. of 
15N-ammonia and 20 c.c. of 5N-hydrogen peroxide were added. 
The brown solution was heated during one and a half hours to 
164° (150 lb. pressure). After cooling, 29 grams of large, brownish- 
orange crystals of luteo-chloride were collected and dried at 100° 
(total yield from the two successive heatings = 49 grams or 91 per 
cent.). 
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CCXXXVI.—Thermal Expansion of Gelatin Gels. 
By Awan TAFFEL. 


Ix their determinations of the expansion of various glasses on 
heating, Peters and Cragoe (Scientific Papers, Bur. of Standards, 
No. 393), on plotting expansion against temperature, obtained 
curves which were roughly linear for a considerable range of 
temperature, and then, within a region which never exceeded 40°, 
changed direction, still continuing linear and indicating a two- to 
seven-fold increase in the expansion. About 75° above this “ critical 
region ’’ the glass softened and contracted. 

The object of the present research was to discover whether gels, 
gelatin gels in particular, showed the same behaviour when heated 
to their melting point. 

A preliminary experiment was tried with an instrument of the 
shape of the ordinary glass bulb-thermometer. The gelatin sol 
was introduced into the bulb, allowed to set, and covered with 
mercury, and the whole was then warmed in a well-stirred bath 
of water at the rate of 2° per hour until the temperature reached 
30°. When the readings in the capillary stem were plotted against 


| temperature, a curve was obtained which appeared to consist of 
' two linear portions joined by a fairly sharp bend at about 21°; 
_ the difference of slope between the two was, however, not very 


great; the change of slope was in the direction of increased ex- 


_ pansion. This gel was of 10 per cent. concentration of gelatin 


by weight. A second measurement with a 15 per cent. gel gave a 
smooth curve with no indication of a break. 

A more accurate instrument was now designed; the form which 
it assumed finally is that shown in Fig. 1. 

It consists of a glass bulb, A, of 85 c.c. capacity, to which is 
attached a graduated capillary tube, B, of area of cross section a 
little more than 0-02 sq. cm. The capillary is bent upwards and 
terminates in a glass tube, C. The bulb of the dilatometer is closed 


by a brass disk, F, to the underside of which is cemented a small 
3x2 
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circle of rubber sheeting. This cap is pressed down on the opening 
of the bulb by the arrangement of screws shown; D is a collar 
of copper cemented with fusible metal to the neck of the dilato. 
meter; the two screws, GG, turn about halfway in the collar: 
the brass disk, J, can slide up and down along these screws, whilst 
H screws into J. Thus by tightening up GG and then H, the 
cap is pressed firmly down, and the bulb closed securely, without 
danger of letting in air or water. A stopcock had been tried in 
place of this arrangement, but was found to be unsatisfactory 
owing to the action of warm water on the lubricant. 

The capillary tube, B, was calibrated, previously to sealing 
to the bulb, by joining to it a capillary tap, and surrounding the 
upper part of the burette thus made by a jacket of circulating 
water at constant temperature. The tube was filled with clean 


Fic. 1. 


A 

\G 
dry mercury, and portions of this were run out and weighed, read- 
ings of the different levels of the meniscus being made with a catheto- 
meter fitted with a micrometer eyepiece. Each centimetre division 
was found to correspond, on the average, to about 0-0205 c.c. 

To fill the dilatometer, a weighed quantity (about 10 c.c.) of 
mercury was introduced, followed by the gelatin solution, which 
was allowed to flow out from the jet of an inverted wash-bottle 
containing the gelatin into the bulb of the dilatometer via the neck, 
the flow being hastened when necessary by pumping air into the 
space above the solution. The introduction of air-bubbles and 
froth was avoided by allowing the inverted bottle to stand, the 
rising of the bubbles to the surface of the solution being 
facilitated by evacuating the space above the solution. The 
screw cap was then closed tightly in such a way that the bulb 
was completely full of gelatin and mercury, and the meniscus of 


the latter at a convenient point of the capillary. The dilatometer 
was weighed to find the mass of the gel, and was then fixed in a 
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well-stirred thermostat with a glass front, through which the 
mercury meniscus, suitably illuminated, could be read with a 
horizontally mounted cathetometer fitted with a micrometer eye- 
piece. When warming, temperature lag was found to be avoided 
by heating in steps instead of continuously. 

The thermometer used was graduated in tenths of a degree, 
hundredths being easily estimated, and was read through a catheto- 
meter which could move vertically. It was standardised with ice 
and with sodium sulphate decahydrate, and calibrated by tapping 
off threads of mercury of different lengths, and running these along 
the bore under a travelling-microscope. The thermometer was 
placed vertically in the bath, with its bulb touching that of the 
dilatometer, and was tapped, as was likewise the capillary tube, 
before being read. 

The gelatin used in the following experiments, unless otherwise 
stated, was Nelson’s Photographic No. 1; it was very kindly 
supplied gratis by Messrs. Nelson Dale & Co. The gel was in 
every case prepared by soaking the air-dried gelatin in distilled 
air-free water for two and a half hours, which was a long enough 
period for the dissolution of this easily soluble brand, and dis- 
persing on the water-bath at 50° for twenty minutes, with stirring. 
It was then at once brought into the dilatometer, and kept for 
eighteen to twenty-four hours before measurements were made. 

The concentration of the gels was determined by keeping them 
over phosphoric oxide in a vacuum over-night, and then heating 
at 100° in the electric oven, in a dry atmosphere, until the weight 
was constant. Heating in the steam-oven did not drive off the 
water so readily and completely as the above method. Prolonged 
heating of the gelatin at 100° seems to bring about a slow decom- 
position, with a resulting decrease in weight. 

Calibration.—The dilatometer: was calibrated for different tem- 
peratures by bringing into it about 10 c.c. of clean, dry mercury, 
and filling up with distilled, air-free water. The temperature of 
the bath was raised in steps, and time allowed for equilibrium to 
be attained at each step. The reverse process, that is, discon- 
tinuous cooling, was also carried out; the readings were the same 
as for heating. From a knowledge of the specific volumes of water 
and of mercury at the various temperatures, the volumes of the 
bulb up to the zero were calculated, with the following results : 


Temp. . . . . I11°90° 15°68° 16°81° 19°41° =. 20°98° =: 22° 15° 
Vol. of bulbine.c.. 84°9012 84°9102 84:9128 84:9190 84°9227 84-9246 
Temp. . 24:15° 26°30° 28°94° 30°10° 


p a" 
Vol. of bulb ine.c.. 849295 84:9347 84-9411 84-9434 


If these values are plotted on a graph, the points obtained will lie 
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on a straight line. The mean coefficient of cubical expansion of 
the glass composing the bulb for the range of temperature used 


00422 
: — 9 
is, from the above, 18-20 x 84-9012 = 0-0000273, or the mean 


coefficient of linear expansion = 0-0000091. 

Measurements.—Unless otherwise stated, the concentration of 
a gel is taken as the weight of dry gelatin per 100 grams of gel. 
A 10 per cent. gelatin was first tried, and this gave a smooth curve 
when its expansion was plotted against temperature. A gel of the 
same concentration prepared from the brand of gelatin employed 
in the preliminary experiments (Nelson’s Commercial Leaf) was 
then introduced into the dilatometer, and the bath heated at the 
rate of 2° per hour. A smooth curve was again obtained. The 
experiment was repeated, and the same result obtained. No break 
in the curve could be made to appear, either with this or with 
other samples of gelatin at various concentrations, although different 
rates of heating were tried and the temperature was raised in steps; 
also, the gels were melted and then cooled very quickly or very 
slowly, but the curve was always of the same shape. 

The curves for the gels whose expansions are tabulated below 
are quite regular for temperatures up to, at, and above the melting 
point of the gel, that is, when the gel melts there is no sudden 
change in volume. The curves are flatter than those for water, and 
the flattening is the more pronounced the more concentrated 
the gel. 


TABLE I. 


Expansion of gelatin gels. 


Concentration of gel. 


Temp. Water. 2-02%. 504%. 8-90%. 16-49%. 24-81%. 
Vol. of Vol. of Vol. of Vol. of Vol. of Vol. of 


1 gram 1 gram 1 gram 1 gram 1 gram 1 gram 
in ¢.e. in ¢.e. in ¢.¢c. in ¢.e. in ¢.¢c. in ¢.c. 


15-00° 1-000874 0-994158 0-984345 0-970959 0-946113 0-918213 
17-00 = 1-001200 0-994497 0-984702 0-971364 0-946568  0-918783 
19:00 1-001571 0-994880 0-985110 0-971815 0-947085 0-919400 
21-00 + =1-001985 0-995294 0-985572 0-972308 0-947660  0-920035 
22-00 1-002208 0-995533 0-985815 0-972601 0-947994 0-920400 
24:00 = 1-002685 0-996030 0-986360 0-973183 0-948672 0-921135 
26-00 1-003201 0-996563 0-986941 0-973792 0-949380 0-921891 
28-00 1-003755 0-997129 0-987546 0-974401 0-950095  0-922660 
30-00 = 1-004346 0-997742 0-988190 0-975057 0-950834 0-923442 
32-00 1-004972 0-998359 0-988820 0-975729 0-951589 0-924245 


Mean Coefficient of Expansion—The mean coefficients of ex- 
pansion between 15° and 32° for the different gels given below are 
obtained by dividing the increase in volume between the two 


tem] 
tem] 
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temperatures by the product of the volume at 15-00° and the 
temperature range. 


Mean coeff. Mean coeff. 

of exp. of exp. 
Cone. of gel. (15—32°). Cone. of gel. (15—32°). 
24-81 0-0003864 5-04 0-0002674 
16-49 0-0003407 2-02 0-0002486 
8-90 0-0002891 0-00 (pure water) 0:0002414 


The results show that the mean coefficient of expansion increases 
with increasing concentration of the gel, being, for a 25 per cent. 
gel, more than one and a half times as great as for pure water. 
If coefficients are plotted against concentrations, the relation 
between the two is seen to be a linear one. 

Specific Volume.—When the volumes of 1 gram of gel at 15-00° 
and at 32-00°, respectively, are plotted against concentration, two 
straight lines are obtained, which diverge slightly as the concen- 
tration increases. 

Purified Gelatin—As much as possible of the impurities con- 
tained in the Photographic No. 1 brand of gelatin was removed 
by washing in running tap-water for thirty hours, and after this 
with very many changes of distilled water. The swelled gelatin 
was dispersed as usual, and its expansion measured. The values 
given for the unwashed gel are those interpolated from the specific 
volume-—concentration curve. 


Vol. of 1 gram in c.c. 
Cone. of gel. Temp. Purified gel. Unwashed gel. 


10-35 15-00° 0-968362 0-9665 
21-00 0-969737 — 
26-00 0-971249 — 
32-00 0-973251 0-9715 


9 


It is seen that the specific volumes of the purified gel are larger 
than those of the impure gel. The mean coefficient of expansion 
of the former for the range 15—32° is 0-000297, of the latter 


0-000304. 


Effect of Hydrogen-ion Concentration on Expansion. 


A 10 per cent. gel was introduced into the dilatometer, and its 
expansion measured. Concentrated hydrochloric acid was added 
to make the concentration of acid in the bulb 0-02, the cap closed 
down, and the whole kept over-night; the expansion was then 
measured, the change of volume of the contents of the bulb caused 
by the addition of the acid being a very slight one. More acid 
was introduced to make the solution 0-15N, and a measurement 
again made, and again with 0-15N-acid. In each case the coefficient 
of expansion of the gel was found to be practically unchanged by 
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the acid. A second series of measurements was made with well. 
washed gelatin, acid being added to give 0-01N- and 0-03N-solutions, 
As before, there was no change in expansion, although it was 
thought that since gelatin swells to a much greater extent in acid 
solutions of these concentrations than in pure water, there might 
have been some accompanying effect on the expansion of the 
gels. 
Expansion of Dry Gelatin. 


It has been shown that the coefficient of expansion of a gel is 
greater than that of pure water, and increases linearly with in- 
creasing concentration of the gel. We may now inquire whether 
this is due to the possession by gelatin itself of a coefficient of 
expansion larger than that of water. 

The specific volume of solid gelatin was accurately determined 
at 18°, 25°, and 32° in a specific gravity bottle, toluene being used 
as the displaced liquid. The bottle was calibrated with air-free 
distilled water, and also with pure dry toluene, at these three 
temperatures. Air-dry gelatin, cut into small pieces, was heated 
at 100° in a dry atmosphere for thirty hours (sample A), and for 
forty hours (sample B). The toluene was dried over phosphoric 
oxide and distilled therefrom into a receiver protected from atmo- 
spheric moisture by a calcium chloride tube. The values obtained 
were : 


Vol. of 1 gram of 
dry gelatin in c.c. 


Temp. Sample A. Sample B. 
18-00° 0-7417 0-7417 
25-00 0-7430 0-7429 
32-00 0-7445 0-7445 


These values agree very closely. The mean coefficient of expansion 
of dry gelatin is, from the above, 0-000271; that for water for the 
same range is 0-000241; that is, gelatin expands somewhat more 
rapidly with rising temperature than does water. But when it is 
considered that, for instance, the coefficient of a 25 per cent. gel is 
0-000386, and that only one-quarter by weight of this gel consists 
of gelatin, it is evident that, unless the coefficient for gelatin in- 
creases to an extremely large degree when gelatin is associated 
with water in a gel, it is not to the expansion of the gelatin that 
we must look for the cause of the large coefficients possessed by 
the gels. 

Liideking (Ann. Phys. Chem., 1888 [iii], 35, 552) determined the 
density of gelatin gels by weighing them in air and in water, and 
showed that the density of the gel is greater than that calculated 
additively from the densities of its constituents. He ascribed this 
to a powerful contraction of the water in the gel. 
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In Table II is given the total contraction in volume (as calculated 
from the results given in Table I and the density of dry gelatin at 
different temperatures) resulting when water in requisite amount 
js added to 1 gram of dry gelatin to give gels of the concentrations 
tabulated. It will be seen that, at any one temperature, this 
contraction is constant. That is, 1 gram of dry gelatin always 
causes the same total contraction of the gel, no matter with how 
much water it is associated. At 15°, whether 3 c.c. of water or 
50 c.c. are added, the total contraction is 0-073 c.c.; and at 32° the 
contraction is 0-065 c.c. 

This implies, of course, that the relation between the contraction 
of a gel containing 1 gram of water and the concentration of the 
gel expressed as grams of gelatin per 1 gram of water is given by 
the simple equation: contraction = a x concentration, where @ 
is a constant for any one temperature, but itself decreases with 
rising temperature. In fact, if contraction and concentration are 
plotted against each other, a straight line is obtained as the curve 
for 15°, and another straight line for 32°, the two lines passing 
through the point for water (that is, zero grams of gelatin per 
gram of water, and zero contraction) and diverging rapidly with 
increasing concentration. That the curves pass through the water- 
point indicates that the measurements are accurate. It can also 
easily be shown that the contraction for any one gel decreases 
practically linearly with rising temperature. 


TABLE II. 
Temp. 15-00°. 


Sum of vols. 


C.c. of of added C.c. of gel 
Cone. of gel. water added water and containing Contraction of gel 
Weight per tolgram of 1 gramof_ 1 gram of containing 1 gram 
cent. of gelatin. gelatin. gelatin. of gelatin. 
24-81 3-0335 3°7747 3° 7009 0-0738 
16-49 5-0684 5:8096 57374 0-0722 
8-90 10-2442 10-9854 10-9101 0:0753 Mean =0-073 
5-04 18-8580 19-5992 19-5298 0-0694 
2-02 49-0479 49-7891 49-7158 0-0733 


Temp. 32-00°. 


24-81 3°0456 3°7900 3-7251 0-0649 

16-49 35-0899 5-8344 5-7708 0-0636 
8-90 10-2858 11-0303 10-9629 0-0674 Mean =0-065 
5-04 18-9341 19-6786 19-6171 0-0615 
2-02 49-2461 49-9906 49-9237 0-0669 


If this contraction is an actual contraction of one or both of the 
constituents of the gel, then 


(1) Both gelatin and water may be contracted. 
3 y* 
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(2) Considering the water only, the whole of the water in the 
gel may be uniformly contracted, the greater the quantity 
of water the less is the contraction per c.c.; or 

(3) A portion only of the water in the gel is contracted, this 
portion being in amount the same per fixed weight of 
gelatin for gels of different concentration; in other words, 
there is a layer of compressed water about the gelatin 
particles, and this layer is not affected in amount by 
varying the amount of water in the gel. 


It is difficult to realise in what way the attractive force which 
gelatin exerts on water, and vice versa, can distribute itself uniformly 
throughout all the water molecules present, decreasing regularly 
in intensity as the water content increases. It seems, on the other 
hand, very probable that only a part of the total water is con- 
tracted, and that when dry gelatin has taken up this amount of 
water, any additional water imbibed by it is not contracted, or 
only very slightly. Possibly the condensed water, by its attraction 
for the gelatin particles, may decrease the cohesion existing between 
the particles in the dry solid, thus causing the separative tendency 
of the kinetic energy of translation of these particles to become 
more effective, and, in the presence of an excess of water, enabling 
the particles to move apart to some new position of equilibrium; 
that is, the gelatin swells to a definite limit, the uncontracted 
water being retained in the “ pores ” thereby developed. 

‘There is a possibility that the contraction resulting from the 
bringing together of gelatin and water is not due to an actual 
contraction of either, but to a filling up of pores which may exist 
in solid gelatin. Since a contraction was observed when the 
specific volume of gelatin was determined under toluene, evidently 
toluene cannot enter these pores. If the observed contraction is 
a measure of the volume of the pores, then this volume will be 
0-073 c.c. at 15° and 0-065 c.c. at 32° per 1 gram of gelatin. The 
volume of 1 gram of gelatin under toluene is 0-7412 c.c. at 15° and 
0-7445 c.c. at 32°. The actual specific volume of gelatin should 
be, therefere, 0-7412 — 0-073 = 0-668 c.c. at 15°, and 0-7445 — 
0-065 = 0-680 c.c. at 32°, which would give for the mean coefficient 
of expansion of dry gelatin between 15° and 32° the enormous 
eet = 0-0106. It is very improbable that this is 
the actual coefficient for dry gelatin; and it seems, then, that the 
contraction cannot be attributed to a penetration of pores in solid 
gelatin by water. 

From Table II, it will be seen that the contraction of a gel de- 
creases with temperature the more rapidly the more concentrated 
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the gel, since, in the case of a 25 per cent. gel, 3-7009 c.c. at 15° 
suffer a decrease in contraction of 0-008 c.c. when heated to 32°, 
whereas, in the case of a 2 per cent. gel, the same decrease is spread 
over 49-7158 c.c. It is evidently due to this that the coefficient of 
expansion of a gelatin gel increases with its concentration and 
is greater than that of water. In measuring the thermal expansion 
of a gel, we are superposing three volume changes; the expansion 
of the gelatin, the expansion of the water, and the decrease of 
contraction of the gel. 

The experiments of Schroeder (Z. physikal. Chem., 1903, 45, 75) 
on the imbibition of water and of water vapour by dry gelatin also 
suggest that only a fraction of the water in a gelatin gel is contracted. 
He found that a plate of dry gelatin, suspended in an atmosphere 
saturated with water-vapour, took up less than one-half its weight 
of water after twenty days. The plate was then immersed in water, 
when, after one hour, it imbibed six times its weight of water. 
The figures he gives for vapour absorption are, 0-904 gram of dry 
gelatin absorbs 0-374 gram of water, or 1-000 gram of gelatin absorbs 
0-414 gram of water. If we are justified in assuming that it is this 
amount of water which is the portion of water in each gel contracted, 
then at 15° 0-414 gram of water decreases in volume by 0-073 c.c. 
It would require an externally applied pressure of 12,000 or more 
atmospheres to produce this contraction in water. 

It may not be considered irrelevant, perhaps, to discuss, at this 
point, an interesting curve expressing the relationship between 
setting point and concentration of gelatin jellies (Sheppard and 
Sweet, J. Ind. Eng. Chem. 1921, 13, 413). 

The curve is of the type shown in Fig. 2, and contains a double 
flexure, one at about 10 per cent., the other at about 70 per cent. 
concentration. Now a rough estimation of the distance apart of 
the particles of gelatin in a jelly may be made by imagining the 
volume of jelly containing 1 gram of gelatin to be in the shape of 
a cube, and that we have n particles distributed evenly over this 
volume. The distance apart of the particles will be approximately 
Vv volume/n. If these distances are plotted against concentration 
(weight per cent.), a hyperbola is obtained (Fig. 2). If, then, the 
setting point (or the melting point) is dependent on the distance 
apart of the particles, being higher the smaller this distance, then 
from 0 per cent. to about 10 per cent. concentration the setting 
point should rise rapidly, since the distance between the particles 
decreases rapidly. Above 10 per cent. and up to 100 per cent., 
the distance decreases slowly and almost linearly, and the setting 
point should increase slowly and almost linearly up to 100 per 


cent. concentration. This is actually the case up to 70 per cont. 
3y*2 
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According to Schroeder, 0-904 gram of dry gelatin, when placed in 
an atmosphere saturated with water vapour, can absorb a maximum 
of 0-374 gram of water. The concentration of this “ gel ’’ would 

one x 100 70 per cent. Thus, when the concentration of 


a gelatin gel reaches 70 per cent., the particles of gelatin in it ap. 


proach each other within a distance which is of the order of the | 


thickness of the sheath of condensed water surrounding them. 


Fic. 2. 
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Conc. (weight per cent.) 


At this distance they enter into a region where very large forces 


come into play, and this corresponds with the second point of 
inflection of the curve. 


The Temperature of Maximum Density of Gelatin Gels. 


It is a familiar fact that the density of pure water passes through 
a maximum at about 4°. The presence of a salt or of other dis- 
solved substance generally has the effect of lowering this temperature 
of maximum density; sodium chloride, for instance, produces a 
lowering which is proportional to the concentration of the salt in 
the same way as with the freezing point of water. An external 
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pressure applied to water also lowers the temperature of maximum 
density. 

Scott (J. Physical Chem., 1914, 18, 677) found that gelatin 
depressed the temperature of maximum density of water, and the 
withor was led to make some measurements with electrolyte-free 
gelatin in the dilatometer described in the first part of this 
paper. 

The gelatin used was “‘ Nelson’s Powdered.” It was purified by 
§mith’s method (J. Amer. Chem. Soc , 1921, 43, 1350) ; the powdered 
gelatin is washed with a cold 10 per cent. solution of sodium 
chloride containing a little hydrochloric acid, to remove difficultly 
diffusible salts of calcium, iron, etc., and alkali; the concentration 
of the solution is then reduced to 1 per cent., no acid being now 
added, and the gelatin washed with this; the washing solution is 
made more and more dilute, and finally several litres of distilled 
water are used, until the water contains no trace of chlorine ion 
as evidenced by silver nitrate solution. The purified gelatin is 
dispersed at 50° for twenty minutes, and at once introduced into 
the dilatometer, and kept over-night. 

In observing the temperature of maximum density (t.m.d.), the 
bath was brought to 0° with ice, and if a lower temperature than 
)° was required, a mixture of crushed ice and salt was added to 
the ice-cold water. The temperature of the bath was allowed to 
rise slowly, and was noted when the capillary ceased receding 
and again when it commenced advancing, the meniscus usually 
rmaining stationary for about 0-5°; the mean of the two tem- 
peratures was taken as the apparent temperature of maximum 
density. A series of readings of meniscus and thermometer was 
also taken round about the region of maximum density. Allow- 
ance was made for the change of volume of the glass bulb and 
the mercury, and by plotting the volumes of the gel at various 
temperatures near the temperature of maximum density against 
these temperatures a close estimate could be made of the real 
temperature of maximum density of the gel. The results obtained 
were as follow : 


Cone. of gel. 
Grams of dry 
gelatin per 100 T.m.d. T.m.d. 
grams of water. by expt. calculated. 
0-00 + 4-0° + 4-0° 
3-60 + 2-5 + 2-5 
7-05 + 1:3 + 1-5 
13-00 — 1-2 — 1-0 


When the concentration, expressed as above, is plotted against 
the lowering of the temperature of maximum density below 4°, 


1982 TAFFEL : THERMAL EXPANSION OF GELATIN GELS. 


the four points obtained lie on a straight line, that is, for the above 
range of concentration, we may write : 


Lowering of t.m.d. = constant x conc. of gel. 


The lowering produced by gelatin is by no means small, and 
compares with that effected by many non-electrolytes (Landolt- 
Bérnstein, ‘ Physikalisch-Chemischen Tabellen,” p. 340); for 


example 
Conc. (wt. %). T.m.d. 


DONORS. caveccvsccsncscses 6-40 + 0-70° 
REE picnctctavdcsossss 7-40 — 0-78 
Methyl alcohol ......... 5-00 + 2-56 


Two contributory causes of this action of gelatin on water are 
immediately obvious. They are, the thermal contraction of the 
gelatin content of the gel, and the increase in the contraction on 
imbibition of the gel as a whole (as shown in Table IT), with falling 
temperature. 

The thermal contraction of gelatin itself is linear, or nearly so, 
between 32° and 15°. The increase in the contraction on imbi- 
bition of the gel is also linear between these temperatures. If we 
may assume that both remain linear to temperatures a few degrees 
below 0°, the temperature of maximum density for different gels 
can be calculated. 

Thus, for a gel containing 13 grams of gelatin per 100 grams of 
water, or approximately 1 gram of gelatin per 8 grams of water, 
the volumes containing 1 gram of gelatin are as follow: at 4°, 
volume of 8 grams of water = 8-00000 c.c.; volume of 1 gram of 
gelatin = 0-7390 c.c.; contraction = 0-0785 c.c.; volume of gel = 
8-66050 c.c. 

The similarly calculated values at other temperatures are: 2°, 
8-65935 c.c.; 0°, 8-65876 c.c.; — 1°, 8-65868 c.c.; — 2°, 8-65878 
c.c.; — 3°, 865896 c.c.; — 4°, 8-65930 c.c. Hence the tem- 
perature of maximum density for this gel by calculation is — 1-0°. 
The value found experimentally is — 1-2°. The calculated values 
for the different gels are summarised in column three of the above 
table, under “‘ t.m.d. calculated.” 

The agreement between calculation and experiment indicates 
that the two factors mentioned above are the sole causes of the 
lowering of the temperature of maximum density of water by 
gelatin. It throws light, too, on the means by which an externally 
applied pressure lowers the temperature of maximum density of 
water. Pressure produces a decrease in the volume of a mass of 
water, and since the compressibility of water increases with falling 
temperature, as the temperature is lowered, so the contraction 

produced by the constant external pressure increases, and this 
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increasing contraction, that is, decreasing volume, acts against the 
expansion of the water which begins to take place at 4°, and thus 
lowers the temperature of maximum density by an amount which 
depends on the pressure applied. That is, the molecules of a mass 
of water under pressure still undergo that process by which the 
mass is caused to contract, when cooled, until the temperature is 
at 4°, and then to expand, but the phenomenon is masked and 
made to appear as though it occurs at a temperature lower than 4°. 


Summary. 


1. An accurate dilatometer has been described, and a method of 
filling it with gelatin solution free from air-bubbles. 

2. Gelatin gels expand regularly with increasing temperature, 
the curves of expansion being similar to that of water, but flatter 
in proportion to the concentration of the gel; the curve shows no 
sudden change in direction as does glass below its softening 
point. The coefficients of expansion, and specific volumes for 
any one temperature, are a linear function of the concentration 
of the gel. Hydrogen ion does not affect the coefficient of 
expansion. 

3. The contraction resulting on the swelling of gelatin in water 
is a linear function of the concentration of the gel expressed as 
grams of gelatin per gram of water at any one temperature, and 
of the temperature for any one gel. Another way of expressing 
this is to say that 1 gram of gelatin is always associated with the 
same contraction in a gel at any one temperature, no matter how 
much water is contained in the gel; this contraction is 0-073 c.c. 
per gram of gelatin at 15-00°, and 0-065 c.c. at 32-00°. This 
indicates that a fraction only of the water in a gel is contracted, 
the weight per gram of gelatin undergoing contraction being the 
same for gels up to at least 25 per cent. concentration by weight. 
The contraction of a gel is shown not to be due to a filling-up of 
pores in solid gelatin by water. 

4. An explanation has been offered of the curve of double flexure 
obtained by Sheppard and Sweet for the relationship between 
concentration and setting point of gelatin gels. 

5. The temperatures of maximum density of gelatin gels up to 
12 per cent. concentration have been determined. Gelatin lowers 
the temperature of maximum density of water by an amount 
directly proportional to its concentration, expressed as grams of 
gelatin per 100 grams of water. The lowering has been shown to 
be due to the ordinary volume changes of dry gelatin with changing 
temperature, and the change in the amount of contraction on 
imbibition of gels when the temperature varies. 
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CCX XXVII.—Diacetylacetone. 


By Joun Norman Coiiie and Amy Aba Beatrice Relcty. 


In two former papers (T., 1905, 87, 1451 ; 1921, 119, 1550) it 
was pointed out that diacetylacetone behaved abnormally both 
in its chemical and physical properties, if its molecular structure 
were that represented by the ordinary formula. Since then Morgan 
and Drew (this vol., p. 928) have found the same with acetylacetone. 
In the present paper the action of a considerable number of 
reagents on diacetylacetone has been tried. It does not behave 
as a triketone, nor as a compound containing ordinary hydroxy! 
groups. As there are so many possibilities in representing the 
molecular formula of a compound C,H, 903, all that can be said 
at present is that the atoms are linked together probably in a ring 
or rings, and that the open-chain formula for diacetylacetone is 
inadequate to explain either its properties or reactions. 


EXPERIMENTAL. 


Diacetylacetone.—The most convenient method for the _pre- 
paration of this compound is the following: Dehydracetic acid 
is boiled with strong hydrochloric acid until the evolution of 
carbon dioxide ceases. The bulk of the acid is removed by dis- 
tillation under reduced pressure. The residue is then neutralised 
with sodium hydroxide, excess of barium hydroxide added, and 
the mixture just brought to the boiling point. The heavy, yellow 
precipitate is collected, decomposed with hydrochloric acid, and 
shaken out with chloroform. The chloroform is distilled off and 
the residue fractionated under reduced pressure. The diacetylace- 
tone boils without decomposition at 121°/10 mm. The distillate 
does not solidify to a solid mass of crystals for some time. If 
the refractive index be taken, there is evidence that molecular 
change occurs. The freshly distilled substance has a refractive 
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index 22° 1-4890, it then rapidly changes to 1-4988, when a band 
forms and darkens, and finally, when the substance crystallises, 
it becomes constant at 1-4930. 

During the preparation of one batch of diacetylacetone, after 
the diacetylacetone had distilled over, a considerable residue was 
left in the flask. The residue was dissolved in alcohol, and on 
cooling a crystalline compound separated. After purification, it 
melted at 184—185° and was colourless (Found: C = 72:5; 

= 6-2. C,,H,,0, requires C = 73-0; H = 6-1 per cent.). 


2CH,903 = Cy4H,,05 + 3H,0. 


With strong sulphuric acid it gives a deep green colour on warming. 
With moderately strong sodium hydroxide it gives an insoluble 
sodium salt ; this dissolves on warming, the solution turning yellow. 
Acids precipitate this solution, giving a lemon-yellow compound, 
m.p. 125—130°. This yellow compound dissolves in strong sul- 
phurie acid with a red colour. The compound, m. p. 184°, gives no 
colour with ferric chloride. 

Diacetylacetone was treated with the following reagents : 

Methyl sulphate gave only dimethylpyrone. With diazo- 
methane, nitrogen was evolved and dimethylpyrone formed. 
Zine ethyl in benzene had no action. Benzaldehyde and formalde- 
hyde were without action. Di- and tri-ethylamine, and piperidine 
gave a yellow naphthalene compound, m.p. 181° (C,,H,,0s). 
Benzoyl chloride had no action. Phosphorus pentachloride in 
chloroform gave dimethylpyrone. Triethylamine in chloroform 
with iodine gave the compound C;H,O,I (T., 1921, 119, 1550). 

Phenylhydrazine Compound.—Phenylhydrazine and diacetylace- 
tone, when warmed together, react with evolution of heat. The 
resulting compound melts at 142° and is apparently the same 
compound obtained by Feist from the chloride of dehydracetic 
acid (Feist, Annalen, 1890, 257, 278) (Found: C = 74-6, 75:2; 
H = 6:8, 7:0; N= 17-6. C,H, oN, requires C= 75-0; H = 6-6; 
N = 18-4 per cent.) 

C;H,)0, + 2C,H;-NH-NH, = C,,H, )N, + 3H,0. 


Phenylhydrazine has no action on dimethylpyrone. 
Semicarbazone.—When diacetylacetone is treated with excess 
of a slightly alkaline solution of semicarbazide hydrochloride, 
and left to stand for a day, a crystalline precipitate slowly forms ; 
the crystals continue to separate for over a week. The crystals 
were dissolved in hot dilute acetic acid. A granular precipitate 
separated on cooling. The filtrate from the granular precipitate, 
on standing, gave a further crop of crystals that separated in long, 
silky needles. These were evidently the chief product of the 
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reaction. When pure, they melt at 203°. Heated to 100°, they 
do not lose weight (Found: C = 58-3, 57-8, 57-2; H = 61, 6-0, 
5-5. CgH,ON, requires C = 58°8 ; H = 5-5 per cent.). 


C,H,,0; + CH,ON, = C,H,ON, + 3H,0. 


The semicarbazone forms salts with both acids and bases. 

Hydrochloride, C,H,,0,N;,HCl.— When strong hydrochloric 
acid is added to the semicarbazone a crystalline precipitate is 
formed. It was recrystallised from alcohol. Its solution in water 
is acid to litmus paper (Found: in material dried at 100°, 
C=439; H=61; N= 194; Cl= 162, 166. C,H,,0,N,,HCl 
requires C= 441; H=55; N=193; Cl= 163 per cent.). 
The determination of the chlorine by precipitation with silver 
nitrate is difficult to carry out, for unless the solution is acid with 
nitric acid the silver salt of the semicarbazone is precipitated with 
the silver chloride, and at the same time the nitric acid produces 
a buff-coloured precipitate that can only be got rid of by pro- 
longed boiling with fuming nitric acid. The hydrochloride is 
most easily analysed by titration with N/10-sodium hydroxide 
solution. The hydrochloride, when dried at 140°, loses both 
water and hydrochloric acid, leaving the base C,H,ON, (Loss 
found = 24°1. C,H,ON;,HCI,H,O requires loss = 25:1 per cent.). 

Sulphate—This salt also is not very soluble [Found: in 
material recrystallised from water and dried at 100°, as 
BaSO,, SO, = 21°5; by titration with N/10-NaOH, SO, = 20°8. 
(C,H,,0.N3).,H,SO, requires SO, = 20°8 per cent. ]. 

Oxalate—This salt also is not very soluble (Found: in 
material dried at 100°, C,0, = 19°8. C,H,,0,N;,H,C,O, requires 
C,0, = 19:2 per cent.). 

Sodium Salt.—When a strong solution of sodium hydroxide is 
added to a solution of the semicarbazone the sodium salt is pre- 
cipitated in silky needles. The solution of the sodium salt is 
strongly alkaline (Found: Na = 11°9, 12:0, 12:0. C,H,,O,N,Na 
requires Na = 11°3 per cent.). 

Barium Salt.—The salt is precipitated by adding a hot solution 
of barium hydroxide to a solution of the semicarbazone [Found : 
Ba = 28°0. (C,H, 90,N;).Ba requires Ba = 27°6 per cent.]. The 
semicarbazone dissolves in strong ammonia, but crystallises out 
on allowing the solution to evaporate. A solution of the semi- 
carbazone gives a white precipitate with silver and mercury salts, 
but none with those of copper, lead, or iron. 

The semicarbazone can be boiled with 90 per cent. sulphuric 
acid without decomposition. Boiled with strong sodium hydroxide, 
ammonia is very slowly evolved. Heated with zinc dust in a 
current of hydrogen, a small quantity of a pyridine base, probably 
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lutidine, is formed. When a solution of the semicarbazone hydro- 
chloride, cooled in ice, is treated with sodium nitrite, no nitrogen 
jsevolved. But if an excess of nitrous acid be present, the solution 
turns yellow, and on warming a bright green, crystalline com- 
pound separates, having the colour of copper arsenite [Found : 
in air-dried material, C = 42°2; H=6-0. C,H,,0,N,(NO),H,O 
requires C = 42°1; H = 5-2 per cent.]. The air-dried substance, on 
heating at 100°, loses 7°5 H,O; 1 mol. H,O = 7°8 per cent. [Found: 
C=463; H=41; N = 26-7. C,H,,0O,N,(NO) requires C = 45:7; 
H=4°7; N = 266 per cent.]. The compound, on heating, does 
not melt, but suddenly puffs, yielding brown vapours. 

The granular precipitate mentioned above in the preparation 
of the semicarbazone does not seem to be a derivative of diacetyl- 
acetone [Found: C=20'7; H=50; N= 476. (CH,ON,), 
requires C = 20°3; H = 5:1; N = 47-4 per cent.]. 

The substance is almost entirely insoluble in all organic solvents, 
but dissolves slightly in boiling water, and more so in hot hydro- 
chloric acid, from which it is precipitated by water. It also dis- 
solves in hot sodium hydroxide, and on boiling there is a slight 
smell of ammonia. Heated with strong sulphuric acid, carbon 
dioxide is evolved. 

It might be a compound (CO-NH:NH,),, but all attempts to 
hydrolyse it and form oxalic acid failed. Also, owing to its great 
insolubility, attempts to determine its molecular weight were 
unsuccessful. It is not formed when strong solutions of semi- 
carbazide hydrochloride and sodium hydroxide are left for months. 

Carbamide Compound,—Diacetylacetone, when heated with carb- 
amide, reacts, and the mixture turns solid. On extracting with 
alcohol, crystals separate. They are best purified by dissolving in 
hot hydrochloric acid and precipitating with water, and then melt 
at 267—270°. They can be sublimed in shining plates (Found: 
C=569; H=54; N=85. C,H,O,N requires C = 57-4; 
H = 5:4; N = 8-4 per cent.). 

Hydroxylamine reacts with diacetylacetone, but the resulting 
compound is a deliquescent liquid and decomposes when heated. 
It cannot be distilled under reduced pressure, and forms no in- 
soluble or crystalline compounds with either acids or bases. It 
was therefore not further investigated. 


THE Ratpn Forster LABORATORY OF ORGANIC CHEMISTRY, 
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CCXXXVIIT.—Nitro-derivatives of m-Nitrodimethyl- 
aniline. 
By Aguiia Forster and WILLIAM CovLson. 


Durtine the preparation and study of 2: 3: 4 : 6-tetranitrophenyl- 
methylnitroamine some nitro-derivatives of 3-nitro-di- and -mono. 
methylanilines have been added to those already described by 
Romburgh and others. The constitutions of these have been 
established, and of those prepared by Romburgh confirmed. Some 
interesting cases of steric hindrance and isomerism have been 
observed among these compounds. 

Romburgh (Rec. trav. chim., 1887, 6, 253) and Groll (Ber., 1886, 
19, 199) obtained by the nitration of 3-nitrodimethylaniline with 
nitric acid (d 1-2) and also with mixed sulphuric and nitric acids, 
a mixture of two substances melting at 176° and 112°, respectively, 
to which Romburgh assigned the constitutions of 3: 4- and 3: 6- 
dinitrodimethylanilines, respectively. He obtained the same 
mixture by nitrating dimethylaniline dissolved in sulphuric acid 
with a cold mixture of sulphuric and nitric acids. By the 
nitration of 3-nitrodimethylaniline with a mixture of dilute sul- 
phuric and nitric acids Swann (T., 1920, 117, 3) obtained a 
8-modification, m. p. 154°, of the dinitrodimethylaniline melting 
at 176° mixed with the dinitrodimethylaniline melting at 112°. 

According to Romburgh (Rec. trav. chim., 1889, 8, 273) the 
dinitrodimethylaniline melting at 176° (3:4), when dissolved in 
nitric acid (d 1-36), gave a mixture of two trinitrodimethylanilines, 
m. p. 154° and 196°, respectively, whereas the dinitrodimethy]l- 
aniline melting at 112° gave only one trinitrodimethylaniline, 
m. p. 196°. The latter trinitrodimethylaniline was also obtained 
by Swann (loc. cit.) by nitrating the 6-dinitrodimethylaniline 
melting at 154° with 70 per cent. nitric acid. 

3-Nitrodimethylaniline has been found to nitrate readily with 
70 per cent. nitric acid to a mixture of the trinitrodimethylaniline, 
m. p. 196°, already described by Romburgh, and a substance 
melting at 138°. This substance has been shown to be 2:3: 6- 
trinitrodimethylaniline * by conversion into 4-bromo-2 : 6-dinitro- 
1 : 3-di(methylnitroamino)benzene (X), and by its decom- 
position by means of aqueous sodium hydroxide solution into 
dimethylamine (converted by means of picryl chloride into di- 
methylpicramide) and 2: 6-dinitro-1 : 3-dihydroxybenzene. 

* The substance mentioned by Blanksma (Rec. trav. chim., 1902, 21, 266) 
as 2: 3 : 6-trinitrodimethylaniline with reference to Romburgh (ibid., 1889, 8, 
274) is 2: 3: 4-trinitrodimethylaniline. 
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The isolation of 2:3 : 6-trinitrodimethylaniline determines by 
elimination the constitutions of the unsymmetric nitro-di- and 
-mono-methylanilines. There are three trinitrodimethylanilines 
derived from 3-nitrodimethylaniline now known, melting at 154°, 
197°, and 138°, respectively. The substance melting at 197° was 
oxidised by Swann to 3:4: 6-trinitromonomethylaniline (VIII), 
the constitution of which he determined by conversion into the 
corresponding anisidine. This conclusion has now been confirmed 
by heating the oxidation product with dilute sodium hydroxide 
solution, when monomethylamine (converted into monomethyl- 
picramide), and 4: 6-dinitro-1 : 3-dihydroxybenzene, m. p. 235°, 
were obtained. Hence the substance melting at 197° is 3:4: 6- 
trinitrodimethylaniline (V). 

The substance melting at 154° may now be the 2:3: 4- or the 
3:4: 5-trinitrodimethylaniline. Romburgh, however, converted it 
by means of methylamine into a substance which nitrated to 
2:4: 6-trinitro-1 : 3-di(methylnitroamino)benzene, thus proving 
its constitution as 2:3: 4-trinitrodimethylaniline (IV). 

Further, together with 2:3:6- and 3:4: 6-trinitrodimethyl- 
anilines it gives with boiling nitric acid 2 : 3 : 4 : 6-tetranitrophenyl- 
methylnitroamine, m. p. 145° (VII), the 5-position in which must 
therefore be vacant, no pentanitrophenylmethylnitroamine (m. p. 
132°) being obtained. 

Only two dinitrodimethylanilines are known, melting at 112° 
and 176°, neither being the 3: 5-dinitrodimethylaniline which, 
although not isolated, is stated by Blanksma (Rec. trav. chim., 1902, 
21, 266) to nitrate to pentanitrophenylmethylnitroamine, m. p. 
132°. The substance melting at 176° cannot have the para-position 
open, because in that case one of its trinitro-derivatives would be 
2:3: 6-trinitrodimethylaniline; by nitration, however, it gives a 
mixture of 3 : 4 : 6-trinitrodimethylaniline (m. p. 196°) (V) and the 
trinitrodimethylaniline melting at 154°. Hence it is the 3: 4- 
dinitrodimethylaniline (I). The substance melting at 112° gives by 
nitration only the 3: 4: 6-trinitrodimethylaniline; further, it has 
now been converted by bromination and nitration into 4-bromo- 
2:3: 6-trinitrophenylmethylnitrcamine, m. p. 165° (XII), proving 
the (para) 4-position to be vacant. Hence it is the 3 : 6-dinitro- 
dimethylaniline (II). 

2:3: 6-Trinitrodimethylaniline and one molecule of nitric acid 
gave a substance melting at 153°. Cold aqueous ammonia converted 
this into a substance melting at 187°, shown to be 3-aminodi- 
methylpicramide (XXII) by its preparation from cold aqueous 
dimethylamine and 2 : 3 : 4 : 6-tetranitroaniline, and by its nitration 
to 2:4: 6-trinitro-3-hydroxypkenylmethylnitroamine (2:3: 4: 6- 
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tetranitroaniline and monomethylamine gave 2: 4: 6-trinitro-3. 
aminomonomethylaniline, m. p. 190°). The substance melting at 
153° is therefore 2:3: 4: 6-tetranitrodimethylaniline (XIX). 
Boiling nitric acid converted it into 2:3: 4: 6-tetranitrophenyl- 
methylnitroamine. 

3:4: 6-Trinitromonomethylaniline (XVI) has now been found 
to nitrate in nitric acid to a substance melting at 143-5°. This 
substance was converted by means of sodium hydroxide solution 
into 4 : 6-dinitro-1 : 3-dihydroxybenzene, and by sulphuric acid 
into a substance melting at 127°. The latter substance gave with 
cold aqueous monomethylamine 2: 4: 6-trinitro-1 : 3-di(mono- 
methylamino)benzene, m. p. 235° (X XI), and therefore is 2 : 3 : 4: 6- 
tetranitromonomethylaniline (XX). Hence the substance melting 
at 143-5° is 3: 4: 6-trinitrophenylmethylnitroamine (XV). 

3:4:6-Trinitrophenylmethylnitroamine is a white, crystalline 
solid, stable in nitric acid, from which it crystallises in hard, white 
needles. Boiling 90 per cent. nitric acid only slowly nitrated it 
to 2:3:4: 6-tetranitrophenylmethylnitroamine (VII) (m. p. 147°; 
crystallised from nitric acid). Aqueous ammonia gave 4: 6-di- 
nitro-3-aminophenylmethylnitroamine, m. p. 169°. One molecule 
of potassium hydroxide in boiling alcohol converted it into 4 : 6- 
dinitro-3-ethoxyphenylmethylnitroamine, m. p. 135-5°, which with 
alcoholic monomethylamine gave 4 : 6-dinitro-3-monomethylamino- 
phenylmethylnitroamine, melting at 181-5° and nitrating in boiling 
90 per cent. nitric acid to 2:4: 6-trinitro-1 : 3-di(methylnitro- 
amino)benzene, m. p. 206°. Cold acetone rapidly decomposed it. 

Similarly, 2:3: 4-trinitromonomethylaniline (XVIII) has been 
found to nitrate to a substance melting at 122-5°, which was 
shown to be 2:3: 4-trinitrophenylmethylnitroamine (XVII) by 
its conversion by means of sodium hydroxide solution into 2: 4- 
dinitro-1 : 3-dihydroxybenzene, m. p. 167°. Boiling 90 per cent. 
nitric acid only slowly nitrated it to the tetranitro-nitroamine. 


Steric Hindrance. 


The positions occupied by nitro-groups during the nitration of 
3-nitrodimethylaniline and its derivatives appear to be largely 
controlled by steric hindrance. 

Thus all attempts to prepare 2 : 3-dinitrodimethylaniline by 
nitrating 3-nitrodimethylaniline gave only 3: 4- and 3 : 6-dinitro- 
dimethylanilines. Further, 3 : 6-dinitrodimethylaniline was recrys- 
tallised unchanged from 70 per cent. nitric acid at 40°, in which 
3: 4-dinitrodimethylaniline readily nitrated to give 3:4: 6-tri- 
nitrodimethylaniline mixed with a little 2 : 3 : 4-trinitrodimethyl- 
aniline (at 60° to 70°, it gave pure 3 : 4 : 6-trinitrodimethylaniline). 
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There was evidence, however, that 2 : 3-dinitrodimethylaniline 
was formed during the nitration of 3-nitrodimethylaniline with a 
stronger and less selective acid, such as 70 per cent. nitric acid 
at 40°, when 2:3: 6-trinitrodimethylaniline mixed with 3: 4: 6- 
trinitrodimethylaniline was obtained. As shown above, this sub- 
stance could not have been formed under these conditions from 
3: 6-dinitrodimethylaniline, but was presumably derived from the 
intermediate 2 : 3-dinitrodimethylaniline. 

Steric hindrance again appeared to play an importance role 
in the nitration of the trinitrodimethylanilines, resisting the entrance 
of a nitro-group in the ortho-position between a methylnitroamino- 
group and a m-nitro-group, or even adjacent to a methylnitro- 
amino-group alone. This has already been indicated in the resis- 
tance to further nitration in hot 70 per.cent. nitric acid of 3: 4: 6- 
and 2: 3: 4-trinitrophenylmethylnitroamines. It was fully shown 
in the nitration of 3:4: 6-trinitrodimethylaniline (V). This 
substance, when dissolved in 90 per cent. nitric acid at 0°, was 
converted quantitatively into pure 2:3: 4: 6-tetranitrophenyl- 
methylnitroamine, m. p. 147° (VII); but when this solution was 
made at 20° instead of at 0°, a mixture melting at 104—106° * and 
consisting of 3:4: 6-trinitrophenylmethylnitroamine (XV) and 
2:3:4: 6-tetranitrophenylmethylnitroamine was obtained. This 
mixture remained unchanged in 90 per cent. nitric acid at 60°; 
boiling 90 per cent. nitric acid, containing a little sulphuric acid, 
slowly nitrated the 3:4: 6-trinitrophenylmethylnitroamine to 
2:3:4: 6-tetranitrophenylmethylnitroamine, and after several 
hours converted the mixture into the latter substance, m. p. 147°. 

This indicated that when the dimethylamino-group had been 
converted into a methylnitroamino-group by oxidation and nitration 
before the ortho-position adjacent to the m-nitro-group had been 
filled, the ortho-position was sufficiently protected to prevent the 
entrance of a nitro-group except by comparatively drastic means. 
At low temperatures, the conversion of the dimethylamino-group 
into a methylnitroamino-group appeared to take place slowly, 
allowing the ortho-positions to be previously nitrated; at the 
ordinary temperature and above, some methylnitroamino-nitration 
occurred before the ortho-position was occupied, the latter being 
then protected. Confirming this explanation, 2 : 3 : 6-trinitrodi- 

* This mixture could not be fractionated by crystallisation from nitric 
acid, but was converted by alcohol and sodium hydroxide solution into a 
mixture of 4: 6-dinitro-3-ethoxyphenylmethylnitroamine, m. p. 135-5°, and 
2:4: 6-trinitro-3-ethoxyphenylmethylnitroamine, m. p. 98°, the constituents 
of which were separated by crystallisation from alcoho! and identified. These 


phenetoles gave with alcoholic methylamine the corresponding nitromethyl- 
aminonitroamines, melting at 181-5° and 192°, respectively, 
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methylaniline, in which the adjacent ortho-positions are occupied, 
when dissolved in 90 per cent. nitric acid at 20°, gave a quantitative 
yield of 2:3: 4: 6-tetranitrophenylmethylnitroamine, m. p. 147°, 

The oxidation of 3 : 4 : 6-trinitrodimethylaniline (V) to 3: 4:6. 
trinitromonomethylaniline (XVI) by 70 per cent. nitric acid at 
high temperatures without further nitration (Swann, loc. cit., 
supports this view. Further agreement was obtained from the 
nitration of 3 : 4: 6-trinitromonomethylaniline (XVI), which gave 
at 0° and at 20° quantitative yields of 3 : 4 : 6-trinitrophenylmethyl. 
nitroamine, m. p. 143-5° (XV). 

2:3: 4-Trinitrodimethylaniline (IV) in nitric acid gave in each 
case quantitative yields of 2:3: 4: 6-tetranitrophenylmethyl. 
nitroamine. It would appear that nitration in the 6-position of 
2:3: 4-trinitrodimethylaniline was complete before oxidation of 
the dimethylamino-group, even at high temperatures, and that 
steric hindrance in the absence of an adjacent m-nitro-group was 
less than in the case of 3 : 4 : 6-trinitrodimethylaniline. As already 
described, 2:3: 4-trinitromonomethylaniline nitrated first to 
2:3: 4-trinitrophenylmethylnitroamine, after which the methyl- 
nitroamino-group evidently protected the 6-position, even in the 
absence of an adjacent m-nitro-group, sufficiently to prevent its 
occupation by a nitro-group except by drastic means. 


Oxidation. 


By the action of hot dilute nitric acid on 3: 4: 6-trinitrodi- 
methylaniline, Swann (loc. cit.) removed one of the methyl groups 
by oxidation and obtained 3: 4: 6-trinitromonomethylaniline, 
m. p. 199°. This oxidation has been applied to 2:3:6- and 
2:3: 4-trinitrodimethylanilines. The former gave only phenolic 
substances; from the latter a good yield of 2: 3 : 4-trinitromono- 
methylaniline was obtained identical with the product obtained by 
Romburgh by the oxidation of 2:3: 4-trinitrodimethylaniline 
with chromic acid. 

Romburgh oxidised 3 : 6-dinitrodimethylaniline wii1 chromic 


acid to 3 : 6-dinitromonomethylaniline, m. p. 166°. This oxidation, 


applied to 3: 4-dinitrodimethylaniline, was found to give 3:4- 
dinitromonomethylaniline, m. p. 156°; with boiling 20 per cent. 
nitric acid an orange compound melting at 166° (unchanged from 
sulphuric acid) was obtained. 


Bromination. 


Bromine water added to 3-nitrodimethylaniline dissolved in 
dilute hydrochloric acid precipitated a substance melting at 
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95°, which was shown to be 4-bromo-3-nitrodimethylaniline * (XI) 
by its quantitative preparation by the cold nitration of 4-bromo- 
dimethylaniline, m. p. 55°. 4-Bromo-3-nitrodimethylaniline was 
nitrated to 4-bromo-2 : 3 : 6-trinitrodimethylaniline (scarlet), m. p. 
167°, which by further nitration yielded a white nitroamine, 4- 
bromo-2 : 3 : 6-trinitrophenylmethylnitroamine (XII), m. p. 165°. 
The constitution of this substance was proved by its reaction with 
monomethylamine to give 4-bromo-2 : 6-dinitro-3-methylamino- 
phenylmethylnitroamine (XIII), m. p. 176°, formerly prepared 
from 3 : 4-dibromo-2 : 6-dinitrophenylmethylnitroamine (XIV) by 
Blanksma (Rec. trav. chim., 1902, 21, 415), and which by further 
nitration gave 4-bromo-2 : 6-dinitro-1 : 3-di(methylnitroamino)- 
benzene (X), m. p. 174° with decomposition (Blanksma, loc. cit.). 

3:6- and 3: 4-Dinitrodimethylaniline were found to brominate 
readily, giving 4-bromo-3 : 6-dinitrodimethylaniline, scarlet form, 
m. p. 108°, orange form, m. p. 174°; and 6-bromo-3 : 4-dinitro- 
dimethylaniline, scarlet form, m. p. 119°, orange form, m. p. 131°, 
respectively. These compounds appeared to exist in a number of 
chromoisomeric forms, of which only two were examined. By 
nitration, they gave the corresponding nitroamines, 4-bromo- 
2: 3: 6-trinitrophenylmethylnitroamine, m. p. 165°, identified with 
that prepared from 3-nitrodimethylaniline, and 6-bromo-2 : 3 : 4- 
trinitrophenylmethylnitroamine, m. p. 116°, respectively. 

Attempts to brominate 2:3: 6-trinitrodimethylaniline left it 
unchanged, the para-position apparently being protected. After 
replacing the 3-nitro-group by monomethylamine, giving 2: 6- 
dinitro-3-methylaminodimethylaniline (VI), m. p. 119°, bromination 
took place readily, giving 4-bromo-2 : 6-dinitro-3-methylamino- 
dimethylaniline (IX) melting at 114°, which by nitration yielded 
a nitroamine, m. p. 174°, identified with 4-bromo-2 : 6-dinitro-1 : 3- 
di(methylnitroamino)benzene (X) obtained as described above from 
4-bromo-3-nitrodimethylaniline. 


Substitution of the m-Nitro-group. 

Romburgh (Proc. K. Akad. Wetensch. Amsterdam, 1915, 17, 
1034) observed the reactivity of the m-nitro-group in 2:3: 4- and 
3:4: 6-trinitrodimethylaniline and in 2: 3: 4: 6-tetranitrophenyl- 
methylnitroamine, substituted for it amino- or alkylamino-groups, 
and prepared a number of derivatives. Similarly, Swann (loc. cit.) 
prepared an anisidine from 3 : 4 : 6-trinitromonomethylaniline, 

The 3-nitro-group in 3 : 4-dinitrodimethylaniline has been found 

* Identified with the substance melting at 94° described by Ephraim and 
Hochuli (Ber., 1915, 48, 360). The substance, m. p. 72°, described by Koch 
(Ber., 1887, 20, 2961) as 4-bromo-3-nitrodimethylaniline is 4-bromo-2-nitro- 
dimethylaniline (vide Pinnow, Ber., 1898, 31, 2984). 
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to be mobile, but less so than that in the trinitrodimethylanilines; 
with monomethylamine, the dinitrodimethylaniline gave 4-nitro. 
3-monomethylaminodimethylaniline, m. p. 117°. This product 
nitrated quantitatively in nitric acid to 2:4: 6-trinitro-] : 3. 
di(methylnitroamino)benzene, m. p. 206°. 
2:3:6-Trinitrodimethylaniline, in which the 3-nitro-group has been 
found to be similarly mobile, gives with aqueous sodium hydroxide 
solution 2 : 6-dinitro-3-hydroxydimethylaniline, m. p. 191°; with 
aqueous ammonia 2 : 6-dinitro-3-aminodimethylaniline, m. p. 160°; 
with aqueous monomethylamine 2 : 6-dinitro-3-monomethylamino. 
dimethylaniline, m. p. 121°; and with alcoholic aniline 2: 6. 
dinitro-3-anilinodimethylaniline, m. p. 135°. 

Similarly, the m-nitro-group in the 2: 3: 4: 6-tetranitromethyl- 
anilines was found to react readily in the cold. Thus 2:3:4:6. 
tetranitrodimethylaniline (XIX) gave with cold aqueous ammonia 
2:4: 6-trinitro-3-aminodimethylaniline (XXII), m. p. 187°, and 
2:3:4:6-tetranitromonomethylaniline (XX) (from 3: 4: 6-tri- 
nitrophenylmethylnitroamine and sulphuric acid) with aqueous 
monomethylamine gave 2: 4 : 6-trinitro-1 : 3-di(monomethyl- 
amino)benzene (X XI), m. p. 130°. 

The conversion of the amino- to a nitroamino-group increased 
the mobility of the m-nitro-group. Whereas all the nitro-di- and 
-mono-methylanilines were found to be stable in boiling water and 
neutral solvents, the nitroamines prepared from them decomposed 
rapidly in hot water, in cold alcohol, and in acetone. Thus, for 
instance, a marked distinction in properties was found between 
2:3:4: 6-tetranitromonomethylaniline (also 2 : 3: 4 : 6-tetranitro- 
dimethylaniline) and the isomeric 3: 4: 6-trinitrophenylmethyl- 
nitroamine (compare also van Duin, Rec. trav. chim., 1920, 39, 145). 

4-Bromo-2 : 3 : 6-trinitrodimethylaniline (vide supra) was found 
to be remarkably stable; the m-nitro-group, evidently protected 
by the bromine, was not attacked by methylamine or ammonia. 
The introduction of a nitroamino-group, however, rendered the 
m-nitro-group reactive, and several derivatives were prepared. 


Chromoisomerism. 


Chromoisomerides excepting nitroamines appear to consist in 
red and yellow or orange modifications, of which the latter usually 
have the higher melting points. They all, however deeply coloured, 
give colourless solutions in sulphuric, nitric, or acetic acid. The 
yellow form is obtained as a rule from dehydrating acids, and 
the red modification in the presence of aqueous solvents or 
aqueous acids. Thus in some cases, when a concentrated solution 
of the nitroaniline in sulphuric acid is gradually diluted with water 
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to the point of precipitation, the yellow form appears, but when 
the solution is poured into a large excess of water the red form 
may be obtained. In the case of 3 : 6-dinitrodimethylaniline, which 
is red, a yellow modification was precipitated by cooling a warm 
saturated solution in acetic acid saturated with hydrogen chloride 
gas; when isolated, however, it rapidly reverted to the red form. 

Chromoisomerides appear to be more prevalent among the 
nitro- and bromonitro-dimethylanilines than among the corre- 
sponding monomethylanilines. 

3: 6-Dinitrodimethylaniline, (a) scarlet, m. p. 112°, from alcohol 
and from nitric or acetic acid; (b) orange to yellow, unstable, 
obtained by adding hydrogen chloride to a saturated solution in 
glacial acetic acid. 

4-Bromo-3 : 6-dinitrodimethylaniline, (a) scarlet, m. p. 108°, 
from alcohol containing hydrogen bromide, or from nitric acid by 
dilution; (b) light yellow, m. p. 174°, from alcohol and from 
sulphuric or acetic acid by precipitation with water. 

6-Bromo-3 : 4-dinitrodimethylaniline, (a) scarlet, m. p. 119°, 
from alcohol; (6) yellow, m. p. 131°, from acetic acid. 

2:4: 6-Trinitro-3-hydroxyphenylmethylnitroamine, (a) white, 
m. p. 186°, from nitric acid; (b) lemon yellow, m. p. 175°, from 
water. 

Homochromoisomerism.—3 : 4 : 6-Trinitromonomethylaniline, 
lemon yellow, (a) m. p. 201°, from acetone; (b) m. p. 132°, from 
nitric acid. 

Isochromoisomerism.—3 : 4 : 6-Trinitrodimethylaniline, m. p. 198°, 
(a) orange-red, from acetone; (b) lemon-yellow, from sulphuric 
acid by precipitation with water. 

3-Nitrodimethylaniline, m. p. 57°, from (a) orange-yellow to 
(b) deep red. 

2:4: 6-Trinitrophenylmethylnitroamine, m. p. 128—129°, (a) 
white, from nitric acid; (b) yellow, after fusion. 

2:4:6-Trinitrophenylethylnitroamine, m. p. 95°, (a) white, 
from nitric acid; (b) deep yellow, after fusion. 

4-Bromo-2 : 4 : 6-trinitro-3-methylaminodimethylaniline, m. p. 
114°, (a) orange, from alcohol; (6) red, from acetic acid. 


The preceding results were obtained in the course of certain 
technical investigations carried out in 1919 in the Research Depart- 
ment, Royal Arsenal, Woolwich. They are published by permission 
of the Director of Artillery, to whom our thanks are due. 


RESEARCH DEPARTMENT, 
RoyaL ARSENAL, WOOLWICH. (Received, June Sth, 1922.] 
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CCXXXIX.—Preparation and Reactions of Stannous 
Oxide and Stannous Hydroxides.* 


By Frank Warp Bury and James RIDDICK PARTINGTON. 


Dirre (Ann. Chim. Phys., 1882, [v], 27, 145) prepared stannous 
hydroxide by adding sodium or potassium hydroxide to a solution 
of stannous chloride, the precipitate being washed by decantation 
and dried in a vacuum at 14°. He obtained a brownish-yellow, 
amorphous powder to which he assigned the formula SnO,2H,0. 
On heating this powder at 110°, Ditte obtained small, brown scales 
which could be readily powdered. To this substance he assigned 
the formula 38n0,2H,O. Ditte does not mention the methods 
used in analysing the substances. 

Schaffner (Annalen, 1844, 51, 168) prepared a specimen of 
stannous hydroxide by the addition of potassium carbonate to 
stannous chloride solution. He dried the precipitate below 80°. 
The amount of water in the compound was estimated by heating 
it to dull redness in a bulb tube in a stream of carbon dioxide, 
and assuming the loss in weight to be water and the residue stannous 
oxide. No estimation of the percentage of tin present in the 
compound was made. Schaffner assigned to this compound the 
formula 2Sn0,H,O. He described the precipitate produced by 
the addition of ammonia to stannous chloride as “a basic salt.” 

In view of the discrepancies between these statements, the matter 
was thought worthy of re-investigation. Specimens of stannous 
hydroxides were prepared by methods described by previous 
investigators and analysed. 


EXPERIMENTAL. 
Preparation of the Specimens of Stannous Hydroxide. 


The stannous chloride solution was made by adding 22-5 grams 
of crystalline stannous chloride to 100 c.c. of water. This solution 
was clarified by addition of a minimum amount of strong hydro- 
chloric acid and tin and heating. The calculated amount of pre- 
cipitant was used, as it was noted that excess of alkali caused the 
stannous hydroxide to darken and become almost black. 

Sample A.—To the solution of stannous chloride, sodium hydr- 
oxide solution was added until a faint permanent precipitate was 
produced. The calculated amount of sodium hydroxide (8 grams) 

* “Stannous hydroxide’ throughout this paper means a hydrated form 
of stannous oxide obtained by any method described, and not necessarily 


the definite compound Sn(OH),; perhaps a more suitable name would be 
“hydrated stannous oxide’ or “ stannous oxide hydrate.” 
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necessary for precipitation was then added. There is therefore a 
slight excess of stannous chloride in this solution. The precipitate 
was washed with cold boiled water in a Biichner funnel. No pre- 
cautions were taken to prevent access of air. The precipitate was 
distinctly yellow, very gelatinous, and obviously colloidal. After 
drying in a desiccator over calcium chloride for two days, it was, 
when powdered, distinctly yellow and readily soluble in dilute 
hydrochloric acid; the solution gave a copious precipitate with 
mercuric chloride. The powder was placed in a vacuum desiccator 
over phosphoric oxide for fourteen days and then analysed. 

Sample B.—To the solution of stannous chloride made as in the 
preparation of sample A a very concentrated sodium carbonate 
solution was added until a faint precipitate was produced. To 
this solution, 10-6 grams of pure anhydrous sodium carbonate 
were added, the liquid was filtered, and the precipitate washed 
with boiled water. This precipitate tended to pass through the 
filter. It was dried in a desiccator over calcium chloride for four 
days, then powdered, and placed in a vacuum desiccator during 
the vacation for one month, but at the end of the time the vacuum 
had disappeared. The sample was placed in an atmospheric 
desiccator over calcium chloride, phosphoric oxide, and potassium 
hydroxide for a further fourteen days and then analysed. 

Sample C.—To the stannous chloride solution prepared as in A, 
neutralised with sodium carbonate, enough ammonia was added to 
give a faint smell of ammonia, and the precipitate was washed as 
before. The sample was left in a desiccator over phosphoric 
oxide. 

Sample F.—According to Roscoe and Schorlemmer (“‘ Treatise,” 
1913, Vol. II, p. 854) stannous hydroxide is rapidly oxidised by 
the air. Sample / was prepared in a similar way to sample C, 
but precautions were taken to exclude air and to carry out the 
preparation in an atmosphere of carbon dioxide. 

The stannous hydroxide was precipitated in a flask filled with 
boiled water and filtered in a Biichner funnel arranged with a 
brass cover with three tubulures. Through two of these a stream 
of carbon dioxide was kept passing. Through the third passed a 
siphon tube from the flask containing the precipitate, the liquid 
being displaced into the funnel by a stream of carbon dioxide 
admitted through a second tube in the cork of the flask. This 
flask was afterwards filled through the second tube with boiled 
water, which was used for washing the precipitate. 

Sample H was prepared by means of the apparatus described 
in the preparation of F, but using the calculated amount of sodium 
carbonate as the precipitant. The stannous hydroxide was placed 
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in a vacuum desiccator containing phosphoric oxide for fourteen 
days before analysis. 

Appearance of the Specimens A, B, C, F, and H.—Samples A, B, 
and H had a yellow tinge when first precipitated, which became 
more marked on drying. Samples C and F, prepared by pre. 
cipitating with ammonia, were white at first, but became yelloy 
on drying. On keeping them in glass specimen tubes, they became 
darker on the outside, that is, the parts touching the glass. Ditie 
comments on this phenomenon and states that the parts of the 
dried specimens in contact with the glass go brown owing to their 
“ containing less water than the original hydrate,” but does not 
state how he drew this conclusion. It has already been mentioned 
that an excess of alkali darkens the stannous hydroxide, so that 
this change of colour may be due to traces of alkali on the glass. 
This explanation was confirmed by keeping the specimens in silica 
tubes, when no change of colour was observed. Specimens A, B, 
C, F, and H were all amorphous and colloidal towards the end of 
the washing and had a tendency to pass through the filter-paper. 
They were readily soluble in cold dilute hydrochloric acid, in- 
dicating the absence of stannic oxide. On boiling portions : f the 
specimens with dilute nitric acid and adding silver nitrate, a slight 
opalescence was obtained, showing that the chloride had not been 
entirely removed. 

Preparation of Samples D, E, and G.—In the preparation of these 
samples, D by precipitation with sodium hydroxide, # and G by pre- 
cipitation with sodium carbonate, the stannous hydroxide began to 
pass through the Biichner filter before the precipitates were free 
from chloride. They were therefore mixed together and the 
washing continued by decantation. The flasks were arranged as 
wash-bottles. The solutions containing the suspended stannous 
hydroxide entirely filled the flasks. When the _ stannous 
hydroxide had settled down, the liquid was decanted by attaching 
a Kipp’s apparatus, generating carbon dioxide, to the tube not 
acting as the syphon. The precipitate slowly became dark grey. 
It was left under water for several weeks in a corked flask filled 
with water. The walls of the flask became covered with small 
clusters of needle-shaped crystals in about five weeks’ time, dark 
in appearance, with a silvery lustre. On addition of water, many 
similar although smaller crystals were in suspension, and gave a 
creamy, yellow liquid which glistened on shaking. The black 
solid, on treatment with water, gave a similar solution. It filtered 
very slowly. A little ammonium chloride solution was added, 
and on warming, a yellow, flocculent precipitate, which readily 
filtered, was obtained. We may regard the yellow solution as 4 
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elloidal solution of crystalline stannous oxide. The precipitate 
was filtered off, washed, and dried in a steam-oven. 

The black residue remaining in the flask was the same product 
as that obtained above, as on the addition of water it gave the 
ame Olive-green paste, which on further addition of water became 
acreamy, yellow liquid, which glistened on shaking. 

A weighed portion of the mixed samples D, EZ, G, was dried in 
an air-oven at 110° and cooled in a desiccator. 


Analyses of All Samples. 


The percentage of tin was estimated by igniting the sample in a 
porcelain crucible and assuming the residue to be SnQg. 

The percentage of water was estimated by finding the loss in 
weight on heating in an atmosphere of carbon dioxide in a bulb 
tube (Schaffner, Annalen, 1844, 51, 168). In each case there was 
a little sublimate produced, which dissolved readily in water and 
gave a black coloration with silver nitrate and a slight precipitate 
with mercuric chloride, indicating that the sublimate was stannous 
chloride. This sublimate was driven off and the tube again weighed. 
The loss was never more than 0-2 per cent., and in most cases was 
negligible. 

The chloride present was also estimated by fusing a weighed 
portion of the sample with sodium carbonate. The residue was 
boiled with water and filtered. To the filtrate 10 c.c. of N/10- 
silver nitrate solution were added and the excess was estimated 
by titration with N/10-potassium thiocyanate with iron alum as 
indicator. 

In samples A, B, C, F, and H, the chloride present was negligible. 
In sample (D, HZ, G) the chlorine found corresponded with 0-979 
per cent. of stannous chloride. 

The results are tabulated below : 


% Sn. %H,O. %O by calculation as SnO. 
80-9 . 10-86 

79-82 . 10-72 

79-41 : 10-67 

80-5 : 10-8 

80-91 . 10-86 


Results with (D, EZ, G) after heating in an air-oven at 110°: Per- 
centage of SnO found was 95-76; H,O, 2-5; SnCl,, 0-979. 

The percentage of SnO found in this sample after heating in an 
air-oven at 160° for two and three-quarter hours was 94-62. Thus 
the oxidation had become marked. 
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Conclusions. 


(1) The six samples were essentially the same. 

(2) Little or no reaction occurs between moist stannous hydroxide 
and the atmosphere at the ordinary temperature. 

(3) The precipitate with ammonia is probably the same as the 
others, although Schaffner states this to be a basic salt. 

Fremy (Ann. Chim. Phys., 1844, [iii], 12, 460) describes a reddish- 
brown stannous oxide obtained on precipitating stannous chloride 
with a slight excess of ammonia and boiling forsome time. Attempts 
to obtain this variety were unsuccessful. In one case only, a slight 
red tinge appeared on the glass where part of the liquid had dried, 
but the solid in suspension did not become red. 

(4) No sample was entirely free from chlorine, although in most 
cases the amount was negligible. 


(5) Probable formula : 
o Sn. % HO. % O. 


Schaffner 2Sn0,H,O requires —............... s.. 82-64 6-25 11-11 
- ESS ECL reer 6-46 

Ditte 38n0,2H,O requires ...............00. 80-97 8-16 10-87 

ss INE 8 Bisssicavcncncniessedscanssasas 79-13 8-87 11-11 


Ditte does not in any single case give his experimental methods, 
but states that the specimen was obtained in ‘‘ brownish scales ” 
by drying the precipitated hydroxide at 110°. He assigns the 
formula SnO,2H,O to a _ brownish-yellow, amorphous powder 
obtained by leaving the hydrate in a vacuum at 14°. 

The analyses of samples A, B, C, F, and H support the formula 
38n0,2H,0. 

(6) The result with (D, £, G) indicates that stannous hydroxide 
is stable at 110°; the percentage of water then fell to 2-5. The 
0-8 per cent. unaccounted for may be due to some oxidation. 

(7) Stannous hydroxide, on standing under water, slowly loses 
water to become stannous oxide. 

(8) Stannous hydroxide does not lose the whole of its water at 
160°. In all probability some of the water is constitutional. 


Supposed Modification: of Stannous Oxide. 


Ditte describes a number of experiments with stannous hydr- 
oxide in which several varieties of stannous oxide, differing in 
appearance, colour, and density, were produced. 

For an account of these, reference must be made to the original 
paper, but it may be stated that the experimental conditions are 
not clearly described by Ditte. Im many cases it was found im- 
possible to confirm the statements of the latter. It will be sufficient 
to give a brief account of the results obtained, which may be 
compared with those described by Ditte. 
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(1) Reaction with Stannous Chloride—The dried specimens of 
the hydroxide were boiled with water and one or two crystals of 
stannous chloride: a faint salmon-pink suspension was obtained, 
which did not darken further on boiling. On the addition of 
excess of stannous chloride, the stannous hydroxide became white 
again. ‘There was no red, green, or black colour produced, as stated 
by Ditte. 

A sample of stannous hydroxide was prepared as in sample B, 
but not dried. It was kept under water and slowly became black 
on the outside when exposed to light. This stannous hydroxide is 
referred to as ‘‘ wet stannous hydroxide.” To about 1 gram of 
the wet stannous hydroxide suspended in cold water, two or three 
crystals of stannous chloride were added. The hydroxide slowly 
became grey on heating, but no red colour was seen; an olive-green 
oxide slowly precipitated after five minutes, but a good deal of 
white stannous hydroxide was left. 

(2) Reaction with Hydrochloric Acid—No change was observed 
on boiling the dry or wet stannous hydroxide with very dilute 
hydrochloric acid. 

(3) Reaction with Ammonium Chloride Solution of Various 
Strengths —On boiling the stannous hydroxide with solutions of 
ammonium chloride of various strengths, Ditte obtained several 
modifications of stannous oxide. 

These experiments were repeated with the dried specimens. No 
change was observed on boiling them with the ammonium chloride 
solutions. There was a slight change observed when the wet 
stannous hydroxide was used, but the amount of ammonium 
chloride present appeared to have no effect on the result. On 
boiling with the ammonium chloride solution, the stannous hydr- 
oxide slowly became grey, and a dark grey, sandy, crystalline 
precipitate of stannous oxide was formed in all cases. The pre- 
cipitate, on washing with water, gave a milky liquid. 

The product in all experiments always appears to be the same, 
namely, the dark grey stannous oxide which is formed slowly 
when the white hydroxide is kept under water. The white hydr- 
oxide appears to be an unstable substance which slowly decom- 
poses into stannous oxide, and the various reagents described by 
Ditte appear to act catalytically in accelerating this change. 

(4) Reactions with Acetic Acid—The wet stannous hydroxide 
was dissolved in acetic acid solution (10 c.c. of glacial acetic acid 
diluted to 85 ¢.c.). The excess of stannous hydroxide was filtered 
off and the filtrate transferred to a desiccator containing concen- 
trated sulphuric acid and potassium hydroxide. In two months, 


a yellow, crystalline solid was obtained. This solid, on ignition, 
322 
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blackened, and then became yellow; the residue, on cooling, was 
nearly white. Assuming the residue to be stannic oxide, the 
percentage of tin found in the substance was 49-55. The per. 
centage of tin required by the formula Sn(C,H,0,), is 50-1. This 
substance is probably stannous acetate containing a little water, 
It is rather hazardous to assign the percentage of tin to Ditte’s 
formula, 2(C,H,0,)SnO-HO-2HO, for this substance, as he does 
not state what atomic weights he used, and appears to use HO 
and H,O indiscriminately for the formula of water. 

To the wet stannous hydroxide in boiling water a few drops of 
glacial acetic acid were added. There was a darkening of colour, 
and a black precipitate was produced, but the liquid retained its 
yellow tint. With excess of glacial acetic acid, the precipitate 
became yellowish-white. 

It was not found possible to prepare the red form obtained by 
Roth (Abegg, III, 2, 573) by heating the hydroxide with a solution 
of stannous oxide in acetic acid. 

(5) Reaction with Nitric Acid.—On treating wet stannous hydr- 
oxide with dilute nitric acid, a solution was obtained. This was 
left in the desiccator for two months; a solid residue of a white, 
poreelain-like appearance remained. On ignition, white and then 
brown fumes were evolved, and assuming the residue to be stannic 
oxide, the percentage of tin contained in this substance was found 
to be 55-4. The substance did not detonate on heating. The com- 
pound was insoluble in cold water and not completely soluble in 
hot water, gave no precipitate with mercuric chloride, and is 
probably a basic stannic nitrate. 


East LONDON COLLEGE, 
UnIverRsITy oF LONDON. [Received, July 4th, 1922.] 


CCXL.—The Cyanine Dyes. Part VI. Dyes con- 
taining a Quinoline and a Benzothiazole Nucleus. 
The Thioisocyanines. 


By Water THEODORE Kart BRAUNHOLTZ and WILLIAM Hosson 
MILLs. 


A serizs of yellow photosensitising dyes, the thiocyanines, has 
recently been described by one of us (Mills, this vol., p. 455), the 
constitution of which is represented by the general formula I (in 
which R indicates an alkyl radicle and X an acid radicle). They 
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miay accordingly be regarded as pseudocyanines * (II) in which 
the two quinoline nuclei are my by nuclei of benzothiazole. 


Wan ps Y /CH:CH, CH? me 
| C-CH:°C C CH:C 
/ NRX’ \N RA Ps \ / ~NRX-’% =e", 
(Z.) (II.) 


In the present communication, a series of dyes is described 
which are intermediate between the thiocyanines and the iso- 
cyanines (III), in that they contain one quinoline and one benzo- 
thiazole nucleus. They are prepared by the action of sodium 


i “*) J4i\/\ yg 
(IIL) > oa © i ; av.) S—_¢ Fn SA 
MS POR Ne) ER, POR) 


hydroxide in alcoholic solution on a mixture of a quinoline alkyliodide 
and a 1-methylbenzothiazole alkyliodide. The method of their pre- 
paration thus corresponds exactly with that of the isocyanines ; 
their composition is, moreover, analogous, differing from that of 
the isocyanines only in containing an atom of sulphur in place 
of the group -C,H,-, and their optical, photosensitising, and 
general chemical characters also show close relationships to those 
of the isocyanines. We therefore regard their formation as being 
due to an interaction between the reactive 1-methyl group of the 
l-methylbenzothiazole alkyliodide and the quinolinium pseudo- 
base, in which the latter plays the same part as in the isocyanine 
condensation. We accordingly consider that in these dyes the 
l-methylbenzothiazole residue is linked to the 4-position of the 
quinoline nucleus and that their constitution is to be represented 
by formula IV. The acid radicle is regarded as being attached, 
in view of the virtual tautomerism of the cyanine dyes (this vol., 
p. 1489), to what is presumably the more basic part of the molecule 
(compare Mills and Wishart, T., 1920, 117, 579). 

On account of their close correspondence with the isocyanines, 
the name thioisocyanine is proposed for the dyes of this series. 

Although in the isocyanine condensation the quinaldinium salt 
can be replaced by a 1-methylbenzothiazole alkyliodide, the con- 
verse replacement, namely, that of the quinolinium salt by a quater- 
nary salt of benzothiazole, cannot be made. This appears to be 
due to the instability of the pseudo-bases derived from the benzo- 
thiazole alkyliodides. It is, however, possible to bring about the 


* These dyes, discovered by O. Fischer and Scheibe (J. pr. Chem., 1919, 
[ii], 100, 86), were named by them pseudoisocyanines. 
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coupling of benzothiazole alkyliodides with quinaldinium or lepi- 
dinium salts indirectly by a method which we hope shortly to 
describe. From lepidine ethiodide and benzothiazole ethiodide, a 
dye is thus produced which is identical with the thioisocyanine 
formed from quinoline ethiodide and 1-methylbenzothiazole ethiodide 
by the action of alcoholic sodium hydroxide. This fact, together 
with those described in the present communication, establishes 
the constitution of the thioisocyanines (except for the question of 
the position of the acid radicle). 

It is interesting that Hofmann, who first obtained cyanine dyes 
from the benzothiazole bases (the carbothiocyanines; this vol., 
p. 455)—although he regarded them incorrectly as analogues of 
cyanine itself (Ber., 1887, 20, 2264)—apparently also observed 
the production of the thiotsocyanines in an impure condition. 
He states (loc. cit., p. 2265) that experiments to “cross”’ the 
amyliodides of the quinoline bases with those of the benzothiazole 
bases (by heating them together in presence of aqueous ammonia) 
yielded dyes which gave extraordinarily intense deep red solutions 
in alcohol, but could not be obtained in crystalline form. 

The thiotsocyanine iodides are bright red compounds which 
crystallise exceedingly well from alcohol. Their orange-red alcoholic 
solutions show a pair of overlapping absorption bands of unequal 
intensity in the green and bluish-green; the crest of the deeper 
band lies in the neighbourhood of wave-length 4 5000—5100, that 
of the less intense has a wave-length about 4 120—150 shorter. 
In general appearance, the absorption spectra of the thio/socyanines 
are very similar to those of the isocyanines, but the bands in the 
former lie nearer to the blue end of the spectrum—the difference in 
wave-length being roughly 1500. This is in accordance with the 
fact, to which attention has recently been directed (this vol., p. 459), 
that benzothiazole derivatives are less deeply coloured than the 
corresponding quinoline compounds. The thioisocyanines are 
powerful photosensitisers for the green, giving an extra sensitis- 
ation to the gelatino-bromide plate extending to about 15800. As 
with other cyanine dyes, their aqueous-alcoholic solutions are 
decolorised by the addition of mineral acids. 


EXPERIMENTAL. 

2: 1’-Diethylthioisocyanine Iodide—Quinoline ethiodide (7:2 
grams) and l-methylbenzothiazole ethiodide (7-7 grams) were 
dissolved in hot alcohol (100 c.c.), and a solution of sodium 
(0-69 gram) in rectified spirit (40 c.c.) was added. The solution, 
which immediately developed a deep red colour, was boiled for 
fifteen minutes and then allowed to cool. Bright red needles 
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separated (1—1-5 grams), which, after repeated recrystallisation 
from methyl alcohol, melted and decomposed at 283°. The crystals 
were dried at 80°/1l1 mm. for analysis (Found: C = 54-60; 
H = 4:59; I = 27-75. C,,H,,N,IS requires C = 54:78; H = 4:57; 
I = 27-61 per cent.). 

The sensitisation spectrum shows a powerful band in the green 
extending, for moderate exposures, as far as about 45800 with a 
maximum at 45250. There is an additional, very faint, band in 
the orange with a maximum at 16500. The absorption maxima 
lie at 45030 and about 2 4890, respectively. 

5-Methyl-2 : 1’-diethylthioisocyanine iodide, obtained by condensing 
together equimolecular quantities of quinoline ethiodide and 
1: 5-dimethylbenzothiazole ethiodide as above, crystallises from 
methyl alcohol in bright red needles which melt and decompose 
at 269—270° (Found: I = 26-59. C,,H,,N,IS requires I = 26-80 
per cent.). 

The sensitisation spectrum shows only the one band in the 
green extending, for moderate exposures, to about 15800 with a 
crest at 25300. The two absorption bands have maxima at 
15080 and about 4920, respectively. 

l’ : 6’-Dimethyl-2-ethylthioisocyanine Iodide—This dye, which 
was prepared from a mixture of p-toluquinoline methiodide and 
l-methylbenzothiazole ethiodide, is less soluble than the two 
preceding. It crystallises from methyl alcohol in dark red, prism- 
atic needles, m. p. 306—307° (decomp.) (Found: I = 27-98. 
(,,H,,N,IS requires I = 27-61 per cent.). 

The sensitisation spectrum resembles that of the parent sub- 
stance. The band in the green extends, for moderate exposures, 
to about 1.5750, the maximum lying at 15270. There is a second, 
weak band which has a maximum at 26450 and is somewhat 
more pronounced than in the parent dye. The two absorption 
maxima lie at 25000 and about 4 4870, respectively. 

5:1’ : 6’-Trimethyl-2-ethylthioisocyanine Iodide—The dye, ob- 
tained from p-toluquinoline methiodide and 1 : 5-dimethylbenzo- 
thiazole ethiodide, crystallises from methyl alcohol in dark red 
needles, m. p. 303° (decomp.) (Found: I = 26-81. C,,H,,N,IS 
requires [ — 26-80 per cent.). 

The extra-sensitisation comprises only the one band in the 
green, extending to about 25800 with its maximum at 5310. 
The crests of the two absorption bands occur at 45070 and about 
44950, respectively. 

6’-Ethoxy-2 : 1'-diethylthioisocyanine iodide was prepared from a 
mixture of p-ethoxyquinoline ethiodide and 1-methylbenzothiazole 
ethiodide. The dye is obtained as bright red needles when its hot 
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saturated methyl-alcoholic solution is rapidly cooled, and as short, 
triclinic prisms terminated by domal planes by slow crystallisation 
from the same solvent. These crystals are deep red with a brassy 
lustre and appear to contain a molecule of solvent of crystallisation, 
which is given up when they are heated at 80°/12 mm. (Loss in 
weight observed = 5-63. C,,H,;ON,IS,CH,°OH requires CH,-OH = 
5-97 per cent.). Both modifications melt and decompose at 262° 
(Found: I = 25-45. C,,H,;ON,IS requires I = 25-20 per cent.). 

The extra-sensitisation extends, for moderate exposures, to 
about 45750 with a maximum at 25300; there is also an extremely 
faint and indefinite continuation of the sensitisation into the orange, 
but no additional maximum is distinguishable. The two absorption 
bands have maxima at 2 5060 and about 4 4930, respectively. 

6’-Hthoxy-5-methyl-2 : 1’-diethylthioisocyanine iodide, obtained 
from p-ethoxyquinoline ethiodide and 1 : 5-dimethylbenzothiazole 
ethiodide, crystallises from methyl alcohol in bright red needles, 
m. p. 269° (decomp.) (Found: I = 24-80. C,,H,,ON,IS requires 
I = 24-52 per cent.). 

The sensitisation spectrum shows only the one band in the 
green, extending to about 15800, with its maximum at 5350. 
The two absorption maxima lie at 45110 and about 14990, 
respectively. 


One of us (W. T. K. B.) is indebted to the Department of Scientific 
and Industrial Research for a grant for which he desires to express 
his thanks. 


University CHEMICAL LABORATORY, 
CAMBRIDGE. (Received, July 27th, 1922.] 


CCXLI.—The Quaternary Salts of Quinaldinic Acid. 
By Witt1amM Hopson Mitts and Frances Mary Hamer. 


QUINALDINIC acriD (I) shows a striking difference from the 
isomeric cinchonic acid (II) in the resistance which it offers to the 
formation of quaternary ammonium salts. 
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The latter acid, as was shown by Claus (Annalen, 1892, 270, 
345), readily combines with methyl iodide to form a methiodide. 
Quinaldinic acid, however, we have found to be unattacked not 
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only by this reagent but even by the much more reactive methyl 
sulphate, which converts cinchonic acid under corresponding con- 
ditions into a quaternary salt of its methyl ester, thus esterifying 
the carboxyl group as well as combining with the tertiary nitrogen. 
It was also found by H. Meyer that the excellent method discovered 
by him for the conversion of pyridinecarboxylic acids into their 
betaines by digestion with an alkyl iodide and aqueous sodium 
carbonate fails completely with quinaldinic acid (Monatsh., 1904, 
25, 1196). 

Quaternary salts of quinaldinic acid were accordingly unknown, 
but our attention was directed to them some time ago as possible 
oxidation products of the isocyanines and we prepared the methyl 
betaine and some of the methy] salts in order to become acquainted 
with their properties. When later we found that quinaldinic acid 
ethonitrate was the chief product of the oxidation of pinacyanol 
by nitric acid (T., 1920, 117, 1550), we also studied the preparation 
of the corresponding ethyl derivatives. 

Although, as has been stated, quinaldinic acid itself could not 
be caused to combine with methyl sulphate, its methyl ester 
reacted readily with this substance at 100° giving a methyl-metho- 
sulphate, from which, by salting out with potassium iodide, methyl 
quinaldinate methiodide (III) was obtained. 


ay ( ¥ ha ~~ CO vo la Ceo H 
WV Py Fi ing 
NMeI NMe NMeX 

The contrast between the esters of quinaldinic and cinchonic 
acids with respect to the readiness with which they form quaternary 
salts is thus very much less marked than that between the acids 
themselves. This would indicate that the difference between the 
latter is only partly to be accounted for by steric hindrance; the 
carboxyl group probably has a greater effect in depressing the 
basic function of the nitrogen atom when in the 2-position than in 
the 4-position. 

From methyl quinaldinate methiodide it was not found practicable 
to obtain quinaldinic acid methiodide by hydrolysing with dilute 
hydrochloric acid (though methyl cinchonate methiodide can be 
readily converted into the methiodide of the acid in this manner). 
The ester-methiodide was therefore treated in aqueous solution 
with silver oxide, for it seemed not improbable that when the 
ester grouping was thus brought into the molecule of a strong 
base intramolecular saponification would occur. Saponification 
did in fact take place under these conditions and quinaldinic acid 


methyl betaine was obtained in almost quantitative yield. 
3 z* 
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The pure betaine is a colourless, crystalline compound which 
melts at 142—145° and is exceedingly soluble in water, giving a 
neutral solution. From the methyl betaine various quaternary 
salts were prepared by addition of the corresponding acids. 

The analogous ethyl compounds proved much more difficult to 
obtain. We were unable to effect the addition either of ethy| 
iodide or of ethyl sulphate to methyl quinaldinate (or to 2-cyano- 
quinoline). We therefore attempted to prepare these compounds 
indirectly by oxidising a quinoline ethyl-salt with an unsaturated 
side-chain in the 2-position, hoping thus to discover a less costly 
source for them than pinacyanol. From _ benzylidenequinaldine 
ethonitrate or ethobromide we were unable to obtain a crystalline 
product. It appeared therefore that a substance with a still more 
oxidisable side-chain was required; we accordingly prepared 
cinnamylidenequinaldine ethobromide (VI) and from this, by 
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oxidation with nitric acid, we were able to obtain, with some 
difficulty, quinaldinic acid ethonitrate (VII) identical with that 
obtained from pinacyanol (loc. cit.). From the nitrate the corre- 
sponding chloride was prepared and from this the betaine (VIII). 
These ethyl-salts, as well as the betaine, are exceedingly soluble in 
water. The betaine is rather unstable and shows a great tendency 
to decompose with the formation of dark-coloured products. 

It is somewhat remarkable that the formation of quinaldinic 
acid ethonitrate by oxidation with nitric acid should take place 
so much more smoothly from pinacyanol than from cinnamylidene- 
quinaldine ethobromide. In connexion with the oxidation of 
derivatives of quaternary salts of quinoline which, like these, have 
an unsaturated side-chain attached in the 2-position, an observation 
of Besthorn and Giesselbrecht is of some interest. These authors 
found (Ber., 1920, 53, [B], 1020) that the aldehydo-group in 
2-aldehydoquinoline-3-sulphonic acid is exceedingly resistant towards 
acid oxidising agents such as nitric acid or chromic acid. Appar- 
ently the ethonitrate of quinoline-2-aldehyde (IX) shows a similar 
behaviour, for we have been able to demonstrate its presence 
among the products obtained by somewhat prolonged treatment 
of pinacyanol with nitric acid. By extracting the crude oxidation 
product with acetone, a substance was obtained which gave with 
phenylhydrazine and subsequent treatment with- potassium iodide 
a phenylhydrazone ethiodide (X) identical with that obtained by 
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Kaufmann and Vallette (Ber., 1912, 45, 1736) by the action of 
phenylhydrazine on the condensation product (XI) of nitroso- 
dimethylaniline and quinaldine ethiodide. The formation of the 
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aldehyde ethonitrate by oxidation in this manner is evidently a 
strong confirmation of the presence in pinacyanol of the grouping 


(CY) 

DH. 
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EXPERIMENTAL. 
A.—The Methyl Derivatives. 


Methyl Quinaldinate —This ester has been prepared by H. Meyer 
(Monatsh., 1914, 25, 1196) by the action of methyl alcohol on 
quinaldinoyl chloride. We found it could be very conveniently 
prepared by direct esterification of the acid. Concentrated sul- 
phuric acid (18 c.c.) was added to a solution of quinaldinic acid 
(6 grams) in methyl alcohol (60 c.c.), and the mixture was boiled 
for two hours. On pouring the mixture into ice-cold water and 
neutralising with sodium carbonate, the ester separated and was 
then taken up in ether and dried. The residue left on evaporation 
of the ether solidified to a crystalline mass of the pure ester (Found : 
N=7-7. Calc., N = 7-5 per cent.) of m. p. 86° (the melting point 
given by Meyer is 78°). The average yield was more than 80 per 
cent. of the theoretical. 

Methyl Quinaldinate Methiodide—Methy] quinaldinate (3 grams) 
was heated with methyl sulphate (2-4 grams, that is, a 10 per cent. 
excess of the theoretical quantity) for two hours at 100°. The 
yellow product, after having been digested with ether, was dis- 
solved in a very little hot water and treated with powdered potassium 
iodide (6 grams). The methiodide thus precipitated, after recrystal- 
lisation from water, formed pale orange crystals, melting and 
decomposing at 122—129°. The yield of recrystallised product was 
74 per cent. of the theoretical (Found: I = 38-43. C,,H,,0,NI 
requires | = 38-57 per cent.). 

Quinaldinic Acid Methyl Betaine—An aqueous solution of methyl 
quinaldinate methiodide (2 grams) was shaken with excess of 


freshly precipitated silver oxide, which was added a little at a time, 
32z* 2 
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the mixture being finally warmed. A red solid separated at first 
but gradually disappeared. The solution was then filtered from 
the mixture of oxide and iodide of silver and evaporated to dryness 
in a vacuum over sulphuric acid, when the theoretical yield of 
betaine was obtained as an almost colourless, crystalline solid. 
After crystallising twice from absolute alcohol, from which solvent 
it separates in fairly large prisms, and carefully drying, it melted 
and decomposed between 142° and 145°, the exact temperature 
depending on the rate of heating (Found: C= 71-0; H = 5-2; 
N=7-7. C,,H,O,N requires C = 70-6; H = 4:85; N =7-5 per 
cent.). The betaine is exceedingly soluble in water or hot alcohol 
and slightly soluble in chloroform. From its alcoholic solutions, 
which readily become pink, it can be precipitated by ether in 
crystalline form. 

Quinaldinic Acid Methochloride——An aqueous solution of methyl 
quinaldinate methiodide (2 grams) was treated with silver oxide, 
and the filtrate, after acidification with hydrochloric acid, was 
evaporated to dryness. The residue was crystallised twice from 
absolute alcohol, in which it is moderately soluble. The salt was 
thus obtained as an almost colourless, crystalline compound melting 
and decomposing at 158—165° (Found: C= 588; H=48; 
N= 63; Cl= 15-7. C,,H,,0,NCl requires C = 59:0; H = 455; 
N = 6:3; Cl = 15-85 per cent.). It is very soluble in water and, 
unlike the methyl betaine, is oxidised only very slowly in aqueous 
solution by potassium permanganate. 

Quinaldinic Acid Methonitrate—The aqueous solution of the 
betaine was acidified with nitric acid and evaporated to dryness. 
The salt thus formed was recrystallised twice from absolute alcohol. 
It was obtained in crystals melting and decomposing at 138° 
and very soluble in water (Found : NO, = 24:9. C©,,H90,N*NO, 
requires NO, = 24-8 per cent.). 


B.—The Ethyl Derivatives. 

Cinnamylidenequinaldine Ethiodide-—Cinnamylidenequinaldine 
has been described by Renz and Loew (Ber., 1903, 36, 4330), who 
prepared it by heating quinaldine and cinnamaldehyde with zinc 
chloride at 150° in a sealed tube. It can be more conveniently 
prepared by heating a mixture of quinaldine (13-2 grams), cinnam- 
aldehyde (12 grams), and zine chloride (3 grams) for ten hours at 
100° and crystallising the product from alcohol. 

We found some difficulty in obtaining the pure ethiodide by 
heating the base with ethyl iodide at 100°. The product always 
contained too low a percentage of iodine, and although by pro- 
longed extraction with ether and further treatment with ethyl 
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jodide at 100° a product melting and decomposing at 226—228° 
and containing very nearly the correct percentage of iodine (Found : 
[= 31-1, 31-1. C,,H NI requires I = 30-7 per cent.) could be 
obtained, it was simpler to prepare the iodide through the etho- 
sulphate. 

Cinnamylidenequinaldine (2 grams) was heated with ethyl 
sulphate (2-5 grams) for three-quarters of an hour at 110—135°. 
The resulting red solid, after washing with ether, was dissolved in 
hot aqueous alcohol, and a saturated aqueous solution of potassium 
iodide added. The ethiodide, which was precipitated, was digested 
with ether and recrystallised from alcohol (Found: I = 31-4. 
Cale., I = 30-7 per cent.). 

Cinnamylidenequinaldine Ethobromide.—This was prepared simi- 
larly to the ethiodide, % the action of potassium bromide on the 
ethosulphate. It was thus obtained as red crystals, and after 
recrystallising from alcohol and drying, melted at 213—214° 
(Found: Br = 22-05. C,,H, )NBr requires Br = 21-82 per cent.). 

Quinaldinic Acid Ethonitrate—This compound is most easily 
prepared by the oxidation of pinacyanol as we have described in 
a previous communication (loc. cit.). It can be obtained from 
cinnamylidenequinaldine ethobromide in the following manner. 
The ethobromide (5 grams) was added to dilute nitric acid (200 c.c.), 
obtained by mixing concentrated nitric acid (d 1-42) with an equal 
volume of water. On warming, nitrous fumes were produced and 
an oil appeared which partly dissolved as the temperature rose. 
The mixture was then heated to boiling for two and a half hours, a 
current of steam being blown through without the volume of the 
liquid being allowed to increase. The solution, after cooling, was 
extracted with ether, and the aqueous layer evaporated. The 
residue was redissolved in water and, after extraction with chloro- 
form, the aqueous layer was again evaporated. The rather sticky 
residue was digested with acetone, and the solid undissolved by 
the acetone was recrystallised twice from absolute alcohol. The 
colourless, crystalline compound (2-0 grams) thus obtained agreed 
in all its characters with the quinaldinic acid ethonitrate prepared 
from pinacyanol. It melted at 108—109°, and the mixture of the 
two preparations melted at the same temperature (Found: 
CO,H = 17-0. Cale., CO,H = 17-0 per cent.). 

Quinaldinic Acid Ethochloride——An aqueous solution of quinal- 
dinic acid ethonitrate was evaporated with excess of concentrated 
hydrochloric acid which had been saturated with sulphur dioxide, 
the evaporation being conducted first on the water-bath, then in 
a vacuum at the ordinary temperature over sulphuric acid and 
soda-lime. The sulphuric acid formed by oxidation of the sulphur 
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dioxide was removed with barium chloride, and the dry residue 
obtained by evaporating the filtrate from the barium sulphate was 
extracted with hot absolute alcohol. The alcohol, on cooling, 
deposited the chloride in almost colourless crystals melting and 
decomposing at 150° with previous darkening. The salt is 
extremely soluble in water (Found: Cl = 14-77. C,.H,,0,NCI 
requires Cl = 14-92 per cent.). 

Quinaldinic Acid Ethyl Betaine—An aqueous solution of quinal- 
dinic acid ethochloride was shaken with excess of freshly pre. 
cipitated silver oxide, added a little at a time, and the filtrate and 
washings were evaporated. The betaine was thus obtained in 
almost colourless crystals melting and decomposing at 146—148° 
(Found: C=715; H=55; N=6-9. C,.H,,0O,N requires 
C= 71-6; H=5-5; N=7-0 per cent.). The betaine is rather 
unstable and darkens on warming with alcohol, in which it is very 
soluble. 


C.—Formation of Quinaldinaldehyde Ethonitrate in the Oxidation 
of Pinacyanol. 

1: 1’-Diethylearbocyanine bromide (1 gram) was oxidised with 
nitric acid, and the resulting solution was treated in the manner 
which we have previously described (loc. cit.) for the preparation 
of quinaldinic acid ethonitrate. The quaternary ammonium salts 
formed in the oxidation were digested with acetone, which leaves 
the quinaldinic acid ethonitrate undissolved. The acetone solution 
thus obtained contains quinaldinaldehyde ethonitrate, as was 
shown in the following manner. The acetone was evaporated 
and the residue was dissolved in a little water and treated with 
an alcoholic solution of phenylhydrazine (0-24 gram). After two 
hours, a saturated aqueous solution of potassium iodide was added, 
when a red, crystalline compound (0-08 gram) was precipitated, 
which was identified as quinaldinaldehydephenylhydrazone ethio- 
dide by comparison with a specimen of this compound prepared 
as described by Kaufmann and Vallette (loc. cit.) from the corre- 
sponding dimethylaminoanil. 


One of us (F. M. H.) wishes gratefully to acknowledge a grant 
which was received from the Department of Scientific and Industrial 
Research. 


University CHEmMiIcat LABORATORY, 
CAMBRIDGE. [Received, August 19th, 1922.] 
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CCXLII.—The Addition of Ethyl Sodiocyanoacetate and 
Ethyl Sodiomalonate to Ethyl Muconate. 


By Ernest Harotp FARMER. 


Amone the very numerous exceptions to Thiele’s theory of con- 
jugation, the case of ethyl muconate, EtO,C*-CH:CH-CH:CH:-CO,Et, 
is of considerable interest. Although the muconic system follows 
the rule in its 1 : 4-type of hydrogen addition, it has been shown 
recently by Chandrasena and Ingold (this vol., p. 1306) that ethy! 
muconate adds on bromine at the 1 : 2-position, a property which 
is unusual with symmetrical, conjugated chains. In view of this 
different behaviour of symmetrical addenda in relation to a 
symmetrical, conjugated system it seemed desirable to investigate 
the attachment of unsymmetrical addenda to ethyl muconate, and 
in this paper the addition of ethyl sodiocyanoacetate and ethyl 
sodiomalonate is dealt with. 

According to Hinrichsen (Chem. Ztg., 1901, 316, 43), addenda 
the components of which have an opposite polar character attach 
themselves at the 1 : 2-position. Ethyl muconate might therefore 
be expected to obey this rule were it not that even among the 
additive reactions of unsymmetrical, conjugated systems, on which 
alone Hinrichsen appears to have based his generalisation, there is 
at least one striking exception. Vorlinder and his collaborators 
have shown (Annalen, 1906, 345, 206) that although methyl cinn- 
amylideneacetate, cinnamylideneacetone, and cinnamylideneaceto- 
phenone add on the components of ethyl malonate at the 1:2 
position, methyl sorbate, CH,*CH:CH:CH:CH-CO,Me, with the 
same substance yields a | : 4-additive product. 

Remarkably enough, ethyl muconate follows neither of these 
courses, the product (90 per cent.) from ethyl sodiocyanoacetate 
being ethyl A*-butene-«5-dicarboxylate-8-cyanoacetate (I), 

EtO,C-CH,°CH,°C(°CH-CO,Et)-CH(CN)-CO,Et. 
That the ester is correctly represented by this formula is seen 
from a study of its derivatives. By hydrolysis, a tricarboxylic 
acid (II) is obtained the constitution of which follows from its 
oxidation by alkaline potassium permanganate to a mixture of 
oxalic and succinic acids, probably by way of 8-ketoadipic acid (III) ; 
no trace of tricarballylic acid could be detected. Accompanying 

HO,C-CH:C(CH,-CO,H)-CH,°CH,°CO,H (IT) --+ HO,C-CO,H+ 

CO(CH,°CO,H)-CH,°CH,°CO,H (III) —> HO,C-CH,°CH,-CO,H 
the acid (II) is 2: 6-dihydroxypyridine-4-8-propionic acid (IV), 


HO,C-CHyCH,C<6i- CoH’: the production of which recalls 
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many similar occurrences during the hydrolysis of cyanoglutaconic 
esters and indicates that the parent ester is of the latter type. 

If, therefore, the addition be regarded as of the 1 : 2-type (B), 

Et0O,C-CH:CX-CH,°CH,°CO,Et (A) 

Et0O,C-CH,-CHX-CH:CH-CO,Et (B) 
it is obvious that to yield the structure (A) the double bond must 
move from the «- to the «’-position, a phenomenon for which no 
parallel is to be found outside cyclic compounds. It is highly 
improbable that such a double movement occurs during addition, 
and that it is not brought about by hydrolysis is shown by the 
oxidation products of the ester (I) itself. The latter with alkaline 
potassium permanganate yields oxalic acid and ethyl hydrogen 
a-cyano-8-ketoadipate (V), HO,C-CH,°CH,°CO-CH(CN)-CO,Et (Best 
and Thorpe, T., 1909, 95, 1523), a derivative of the acid (III) 
assumed above to be an intermediate product of the oxidation of the 
tricarboxylic acid (II). It is necessary, therefore, to regard the 
addition as of the 1:3-type, such as has been observed in the case 
of normal ethyl $-methylglutaconate (Thorpe, T., 1919, 115, 679), 
and of ethyl glutaconate (Ingold and Thorpe, T., 1921, 119, 492). 

Confirmation of this view regarding the additive process is gained 
from the similar action of ethyl sodiomalonate on ethyl muconate. 
In this case, the initial ester, ethyl A*-butene-«5-dicarboxylate-- 
malonate (90 per cent.), EtO,C-CH,°CH,’C- CH(COPEt), (VI), 
yields the foregoing tricarboxylic acid (II) on hydrolysis with 
mineral acids, whilst alcoholic sodium hydroxide produces a tetra- 
sodium salt corresponding with the above ester (VI), oxidisable to 
oxalic and succinic acids. 

Thus it is clear that addition of ethyl cyanoacetate and ethyl 
malonate to ethyl muconate does not yield products with the 
components of the addendum in the 1 : 4-position after the manner 
of the addition of hydrogen to muconic acid or of bromine to 
butadiene, and only by sacrificing the directness of the facts can 
it be made to appear of a much modified 1 : 2-type. Therefore, to 
embrace all the phases of activity, views of the potentialities of 
the muconic four-carbon system must be extended and represented 
in some such way as the following : 


cece = cccd 
(a) (b) 
\ 4 
exerere 
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Here the mobility of the system is represented as such that trans- 
formation from a state of ordinary unsaturation (a), with its 1 : 2- 
addition, to one of conjugation (b) with the associated 1 : 4-addition, 
can take place; further, under suitable conditions either may pass 
into a third state (c), where by the exercise of free valencies, a 
1 : 3-type of addition can occur. 

A new investigation into the addition of esters to conjugated 
systems has been commenced with the hope of gaining further 
knowledge of the types of addition that occur and the circum- 
stances of their manifestation. 


EXPERIMENTAL. 


Ethyl A+-Butene-«d5-dicarboxylate-B-cyanoacetate (I)—Sodium (2-3 
grams) was “‘ molecularised ’’ under xylene and the latter replaced 
by absolute ether. To the cold mixture, ethyl cyanoacetate 
(13 grams) was added and the reaction allowed to proceed to 
completion. A dilute ethereal solution of well-dried ethyl muconate 
(20 grams) was then poured in, with shaking, and after the addition 
of a little absolute alcohol (30 c.c.) the containing flask was closed 
with a soda-lime tube and the whole kept at room temperature. 
The sodio-compound gradually dissolved to yield a clear reddish- 
brown liquid, and after one week this was shaken up with water, 
the ethereal layer separated, washed, and dried in the usual way, 
and the solvent evaporated, the residual yellow oil being almost 
pure ethyl butenedicarboxylatemalonate (yield 90 per cent.). 

The ester distilled with some decomposition at 210°/20 mm. as 
a rather viscous, pale yellow oil, but at pressures above 20 mm. 
it decomposed almost entirely (Found: C = 57-81; H = 6-76. 
C,;H,,0,N requires C = 57-88; H = 6-75 per cent.). 

The alkaline aqueous layer yielded on acidification a small 
amount of a viscous, brown oil which gave an intense purple colour 
with ferric chloride. The amount was insufficient for a complete 
examination, but the substance appeared to consist essentially of 
an ethyl hydrogen ester of butenedicarboxylic-cyanoacetic acid 
admixed with a ketonic product of secondary condensation. 

Ethyl A+-Butene-«d-dicarboxylate-8-malonate (V1).—The prepar- 
ation of this substance by the addition of ethyl sodiomalonate to 
ethyl muconate was effected in precisely the same way as the 
preceding one, except that no alcohol was added. Ethyl butene- 
dicarboxylatemalonate was thus obtained as a pale yellow, fairly 
mobile oil. After removal of traces of ethyl malonate by steam 
distillation, an almost pure product was obtained (yield 90 per 
cent.). After distillation, which can be carried out at low pressures 
with only slight decomposition, it was obtained as a colourless 
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oil, b. p. 215°/14 mm. (Found: C = 568; H=7-2. C,,H,,0, 
requires C = 57-0; H = 7-2 per cent.). 

Ethyl Hydrogen A*-Butene-x«8-dicarboxylate-8-malonate——The al. 
kaline aqueous liquor yielded on acidification a small amount of 
red oil which gave an intense purple coloration with ferric chloride. 
On hydrolysis with concentrated hydrochloric acid, it yielded 
A+-butene-«3-dicarboxylic-$-acetic acid (II), and, after purification 
by reprecipitation from a solution of its sodium salt, gave figures 
which indicate that it is the triethyl hydrogen ester of butene. 
dicarboxylicmalonic acid. The coloration with ferric chloride 
appears to be due to the presence of a trace of some ketonic con- 
densation product (Found: C= 54:53; H = 6-30. C,,H,,0, 
requires C = 55-54; H = 6-66 per cent.). 

2 : 6-Dihydroxypyridine-4-propionic Acid (IV).—Ethyl butene- 
dicarboxylatecyanoacetate (60 grams) was mixed with an equal 
volume of concentrated sulphuric acid and kept for five days. 
The hydrolysis was completed by adding water (120 c.c.) and boiling 
for twelve hours, removing the condenser at intervals to expel 
alcohol, but keeping the volume constant by addition of water. 
The sulphuric acid was removed by adding the boiling solution 
to the calculated quantity of barium hydroxide dissolved in 2 litres 
of boiling water. After rapid filtration by the aid of the pump, 
the clear filtrate deposited, on cooling, a considerable quantity of 
a solid crystallising in pale brownish-yellow flakes, which was 
recognised as a 2 : 6-dihydroxypyridine. 

The liquor from which this substance separated was found still 
to contain a little sulphuric acid. It was therefore treated with 
small quantities of barium chloride solution until no more barium 
sulphate was precipitated. The filtered solution was evaporated 
to dryness several times with small quantities of hydrochloric acid. 
The residue having been extracted with acetone, the undissolved 
portion consisted mainly of the hydrochloride of the base. This was 
decomposed as accurately as possible with standard alkali, and the 
liberated base filtered off. 

2 : 6-Dihydroxypyridine-4-propionic acid possesses marked acidic 
and basic properties. It acts as a dibasic acid, as might be expected 
of a substance with its constitution, and dissolves in mineral acids 
to produce salts. The sulphate and the hydrochloride are obtained 
as small, colourless needles on dissolving the compound in 50 per 
cent. sulphuric and concentrated hydrochloric acids respectively. 
Both these salts dissolve readily in cold water without appreciable 
dissociation. 

Dihydroxypyridinepropionic acid is insoluble or only slightly 
soluble in the usual organic solvents, but in small amount can be 
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recrystallised from boiling water. Its solutions turn green or 
purple on standing, and the substance itself, on heating, darkens 
above 250° and decomposes at 257° [Found : C = 52-37; H = 4-96. 
(,H,O,N requires C = 52-46; H = 4-91 percent. 0-0862 neutralised 
94-8 c.c. of 0-0385N-barium hydroxide. Cale. (dibasic), 24-5 c.c.]. 

Ethyl A*-Butene-«d-dicarboxylate-B-acetate——The acetone extract 
(p. 2018) yielded on evaporation a brown syrup which would not 
solidify. It was therefore esterified with alcohol and sulphuric 
acid. The bulk of the ester distilled at 195—205°/19 mm. as a 
colourless, mobile oil which gave, on hydrolysis with mineral acids, 
good yields of As-butene-«5-dicarboxylic-f-acetic acid. 

At. Butene-«5-dicarboxylic-B-acetic Acid (Modification A) (II).— 
This substance was obtained, not only from ethyl butenedicarboxy]l- 
ateacetate by hydrolysis with concentrated hydrochloric or dilute 
sulphuric acid, but also directly from ethyl A+-butene-«d-dicarb- 
oxylate-6-malonate. The latter ester was boiled with concentrated 
hydrochloric acid until dissolution was complete, and, on cooling, 
a quantity of the acid separated out. A further quantity was 
obtained by concentrating the solution on a steam-bath. Extrac- 
tion of the remaining liquor with ethyl acetate yielded a syrup from 
which another small amount of the solid acid was obtained by 
dissolving in dry ether and keeping for several days. The acid, 
which is only sparingly soluble in cold water and almost insoluble 
in dry ether, benzene, or chloroform, was recrystallised for analysis 
from ethyl acetate, from which it separated in colourless, crystal- 
line aggregates melting at 179° without decomposition. Larger 
quantities were readily recrystallised by dissolving in hot water 
and adding an equal volume of concentrated hydrochloric acid. 
The unsaturated nature of the acid was shown by its instantaneous 
reduction of cold alkaline permanganate [Found: C = 47-62; 
H = 5-07. C,H,)0, requires C = 47-52; H=4-95 per cent. 
00608 neutralised 23-5 c.c. of 0-0385N-barium hydroxide. Cale. 
(tribasic), 23-5 c.c.]. The silver salt was obtained in the usual 
way as a white, curd-like precipitate (Found: Ag = 61-5. 
C,H,0,Ag, requires Ag = 61-9 per cent.). 

Boiling acetyl chloride slowly converted the acid into its 
anhydride, the conversion being still incomplete after twenty 
hours. The anhydride was readily extracted from the mixture 
by boiling benzene, from which it separated in flattened needles 
melting at 116°. It dissolved in alkali with immediate hydration 
[Found: C= 524; H=44; M (tribasic) = 184. C,H,O, 
requires C = 52-2; H = 4-34 per cent.; JJ = 184]. Conversion 
into the original acid was brought about both by water and by 
concentrated potassium hydroxide. 
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The proportion of syrupy material increased when the process 
of hydrolysis was prolonged ‘by using more dilute mineral acid, 
Analysis pf the white, curd-like silver salt derived from the syrup 
gave figures inconsistent with a pure substance, but denoting a 
decrease of basicity. 

Sodium  A*-Butene-«5-dicarboxylate-B-malonate—Sodium (2-6 
grams) was dissolved in absolute alcohol (45 c.c.) and to the cold 
solution water (5 c.c.) was added. On mixing with this solution 
ethyl At-butene-«-dicarboxylate-8-malonate (10 grams) and heat- 
ing for a short time on the steam-bath, a pale yellow, crystalline 
sodium salt was precipitated in almost quantitative yield. This 
was rapidly filtered and washed by repeated trituration with 
absolute alcohol. After drying in an evacuated desiccator, the 
pure salt was obtained as a pale yellow, very hygroscopic powder 
(Found: Na = 27-2. C,H,O,Na, requires Na = 27-5 per cent.). 

At- Butene-«5-dicarboxylic-8-acetic Acid (Modification B).—Acidifi- 
cation of the deep yellow, aqueous solution of the tetra-sodium 
salt with the theoretical amount of dilute hydrochloric acid gave 
a colourless solution, from which, by repeated shaking with ether, 
an almost colourless gummy acid was extracted. This, on keeping 
in an evacuated desiccator, partly solidified, and the solid matter 
was separated by rubbing the mass with dry ether. The ethereal 
solution, on long keeping, deposited a further amount of the same 
substance, but the separation was by no means complete. A 
rather better result was obtained by repeating the process of 
desiccation and ether treatment until no further solid would separate. 

The solid acid was extremely soluble in cold water, but almost 
insoluble in benzene or chloroform. It was recrystallised from 
ethyl acetate, from which it separated in colourless, crystalline 
aggregates of indefinite shape melting at 152°, but these crystals 
gave low results on analysis owing to retention of the solvent, 
The acid was therefore recrystallised by heating under reflux with 
a large volume of pure ether until it dissolved, crystallisation 
taking place on concentrating the solution. It was thus obtained 
as a white, crystalline powder still melting at 152°. After drying 

in the steam-oven, it gave the following figures: C= 47-2; 
H = 5-2 (C,H,)0, requires C = 47-5; H = 5-0 per cent.). 0-0632 
neutralised 24-2 c.c. of 0-0385N-barium hydroxide. Calc. (tribasic), 
24-3.c.c. The silver salt was obtained in the usual way as a white, 
curd-like precipitate (Found: Ag = 62-1. C,H,O,Ag, requires 
Ag = 61-9 per cent.). 

That portion of the product of hydrolysis obtained in a solid 
condition represented only about 3 to 5 per cent. of the whole. The 
remainder, from which no further solid could be separated in any 
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way, was dissolved in boiling water and carefully neutralised with 
ammonia. ‘Treatment of the cold solution with silver nitrate gave 
a white, curd-like silver salt, from which the acid was regenerated 
by decomposition with hydrogen sulphide in dry ethereal suspen- 
sion. Evaporation of the solvent in a vacuum left the acid as a 
colourless, viscous gum, which on titration gave figures closely 
approximating to those required by the formula C,H,,)0, (tribasic). 
It could not, however, be decided with certainty whether the 
substance was essentially an unsaturated acid or an isomeric 
lactonic acid. Complete analysis of the silver salt yielded figures 
scarcely more conclusive (Found: C = 18-02; H=142; Ag= 
60-0. C,H,O,Ag, requires C = 18:37; H = 1:34; Ag = 61-9 per 
cent.). 

Oxidation of (a) A*-Butene-«8-dicarboxylic-B-acetic Acid, (b) Sodiwm 
At- Butene-«5-dicarboxylate-8-malonate—(a) To the less fusible acid 
(3 grams) in sodium hydrogen carbonate solution at 0°, 3 per cent. 
potassium permanganate was added drop by drop, with stirring. 
The equivalent of six atoms of oxygen was added before reduction 
ceased. The oxidation mixture, decolorised with sulphurous acid 
and freed from manganese oxide by steam treatment and filtration, 
was successively treated with dilute hydrochloric acid, ammonia, 
and calcium chloride. The precipitate thus obtained was found to 
consist entirely of calcium oxalate. Concentration of the alkaline 
mother-liquor to small bulk and subsequent acidification gave a 
liquid from which repeated extraction with ether removed a white, 
crystalline solid. This was contaminated with a minute amount 
of syrupy substance, but after washing with dry ether melted 
sharply at 185°, and proved to be succinic acid (mixed melting 
point). Careful examination of the residual liquor revealed no 
trace of tricarballylic acid. 

(b) The tetra-sodium salt (7 grams) was dissoived in water 
(300 c.c.) containing sodium hydrogen carbonate (3-5 grams) and 
the same procedure as above followed, except that the equivalent 
of only four atoms of oxygen was supplied. The results were 
identical with those of (a). 

Oxidation of Ethyl A*-Butene-a8-dicarboxylate-8-cyanoacetate (I).— 
The ester (14 grams), suspended in a solution of sodium hydroxide 
(14 grams) in water (500 c.c.) at 0°, was mechanically agitated 
while 3 per cent. potassium permanganate was run in. Reduction 
of the latter was rapid until the equivalent of three atoms of oxygen 
had been added, when it ceased. The cold, filtered reaction 
mixture was extracted many times with ether, and from the extract 
was obtained a considerable amount of a pale brown syrup which, 
after keeping for several weeks, partly solidified. Draining of the 
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semi-solid mass on a ‘porous tile yielded a white solid, which, after 
recrystallisation from boiling water, was obtained as colourless 
needles melting at 104°. This substance gave in alcoholic solution 
a deep red colour with ferric chloride, titrated accurately as a 
dibasic acid, and agreed in all respects with ethyl hydrogen «-cyano. 
8-ketoadipate (X) (Found: C = 50-69; H = 5-37. Cale., C= 
50-68; H = 5-20 per cent.). : 

Oxalic acid could readily be obtained from the residues after 
boiling with alkali to complete the hydrolysis. 


I desire to express my thanks to Professor J. F. Thorpe and 
Dr. C. K. Ingold for the interest they have taken in this research 
and to the Government Grant Committee of the Royal Society 
for a grant which has largely defrayed the cost of the materials 
employed. 
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CCXLIILL.—p-Dithiobenzoic Acid. 


By SAMUEL SMILEs and DovuGcLias CrREESE HARRISON. 


INVESTIGATION of o- and m-dithiobenzoic acids has shown that 
the reactions of the dithio-group in these substances are remark- 
ably different and it thus became desirable to examine the 
behaviour of the para-isomeride. Although the ortho-derivative 
has been the subject of much investigation, p-dithiobenzoic acid 
has not yet been mentioned in literature, in fact, the only derivative 
of the type described seems to be the p-methylthiolbenzoic acid (IV) 
which was obtained by Zincke and Jérg (Ber., 1910, 43, 3448) 
from p-methylthiolaniline by replacement of the amino-group 
with carboxyl. In the preparation of m-dithiobenzoic acid (T., 
1921, 119, 1792), reduction of m-chlorosulphonylbenzoic acid 
proved to be the best method of obtaining the material in large 
quantity; a similar process has been found to be convenient for 
obtaining the desired para-compound. Technical p-toluenesul- 
phony] chloride serves as a convenient starting material; attempts 
were made to convert this substance directly to the desired p-chloro- 
sulphonylbenzoic acid by oxidation with chromic anhydride in 
acetic acid solution, but the yields were poor and variable. The 
chloride was therefore converted to the sodium sulphonate, and 
this was oxidised in the usual manner, the resulting p-sulphobenzoic 
acid being isolated as the mono-sodium salt (I). The conversion 
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of this product to p-chlorosulphonylbenzoic acid (II) was readily 
accomplished by the action of hot chlorosulphonic acid. This 
method has obvious advantages over the usual method involving 
the use of phosphorus pentachloride : the partial hydrolysis of the 
dichloride is avoided, the crude product is sufficiently pure for 
immediate further treatment, and the yield is almost theoretical. 
Reduction of this chlorosulphonyl derivative gave good yields of 
the sulphinic acid (III) or of the corresponding thiol. Methylation 
of the latter gave the p-methylthiolbenzoic acid described by 
Zincke and Jérg (loc. cit.) and by Gattermann (Annalen, 1912, 393, 
226), whilst oxidation readily furnished p-dithiobenzoic acid. It has 
been previously recorded (T., 1921, 119, 1795) that the dithio- 
group in m- and o-dithiobenzoic acids is resolved by the action of 
alkali hydroxide; preliminary experiments with the para-deriv- 
ative indicate that a similar action takes place and that the 
fission is much more rapid than in the case of the ortho-compound, 
which is undoubtedly the least reactive of the three isomerides. 


10,H 
C) 
\. 
So,Cl 
(II.) (IIL.) 


EXPERIMENTAL. 


p-Chlorosulphonylbenzoic Acid, CO,H*C,Hy’SO,Cl.—The solution 
obtained by hydrolysis of 51 grams of p-toluenesulphonyl chloride 
with a slight excess of aqueous sodium hydroxide was nearly 
neutralised with dilute sulphuric acid and then mixed with 88 grams 
of potassium permanganate. Water was added to bring the 
volume of the solution to about 1} litres, and this was heated 
until oxidation was complete. The oxides of manganese were 
removed and the colourless liquid was evaporated to about one- 
third of the original volume. After being mixed with excess of 
sulphuric acid, the solution was cooled, when the mono-sodium 
salt of p-sulphobenzoic acid separated. A further quantity of the 
product was obtained from the liquor by the addition of saturated 
brine, the total yield being 50 grams of crude material. A sample 
was purified by crystallisation, first from brine and then from hot 
water, in which it is freely soluble. Mono-sodium p-sulphobenzoate 
CO,H-C,H,SO,Na,2H,O, after being dried in the air, contains 
2 mols. of water of crystallisation, which are lost at 125—130° 
(Found : H,O = 14-0; Na, in anhydrous substance, = 10-2. Calec., 


2024 SMILES AND HARRISON: P-DITHIOBENZOIC ACID. 


H,O = 13-8; Na = 10-27 per cent.). This salt has been previously 
described as containing two and a half molecules (Annalen, 1875, 
178, 279) and one molecule (Ber., 1877, 10, 1715) of water of 
crystallisation. 

Thirty-five grams of this anhydrous salt were heated with 50 c.c. 
of chlorosulphonic acid at 100° for about one hour, then the liquid 
was cooled and poured slowly over crushed ice. The colourless 
product was collected, washed with water, and dried; the yield 
was 30—35 grams. It may here be mentioned that in other 
experiments which are in progress it has been found that, in 
contrast with the meta- and para-compounds, o-chlorosulphonyl- 
benzoic acid is very unstable and is readily decomposed by water 
in the neighbourhood of 0°. Hence it is evident that any of this 
ortho-compound which might have survived from the technical 
sulphonyl chloride used is at this stage eliminated. p-Chloro- 
sulphonylbenzoic acid is moderately soluble in hot acetone, from 
which it separates in colourless needles; these melt and decompose 
at about 235°, the exact temperature depending on the rate of 
heating (Found: Cl = 15-87. Calc., Cl = 16-09 per cent. For 
complete interaction, 100 c.c. of N-NaOH required 7-43; calec., 
7-35 grams). 

p-Sulphinobenzoic Acid, CO,H-C,H,SO,H.—Twenty grams of 
p-chlorosulphonylbenzoic acid were suspended in 250 c.c. of water 
containing 70 grams of sodium sulphite. The mixture was shaken 
until all the chloride had dissolved, the liquid being kept weakly 
alkaline by repeated addition of small quantities of aqueous sodium 
hydroxide. When interaction was complete, excess of dilute 
sulphuric acid was added to the mixture, which was then kept 
for some hours to allow complete separation of the sulphinic acid. 
This was purified by crystallisation from hot water. p-Sulphino- 
benzoic acid forms colourless needles which are sparingly soluble 
in cold water and melt and decompose at about 245° according to 
the rate of heating (Found : S = 17-57. C,H,O0,S8 requires S = 17:2 
per cent. 100 c.c. of N-NaOH required 9:4; cale., 9-3 grams). 

p-Thiolbenzoic Acid, CO,H-C,H,SH.—Twenty grams of the 
carefully dried sulphonyl chloride were dissolved in about 75 c.c. 
of acetic acid. To the hot solution zinc dust and concentrated 
hydrochloric acid were added at intervals in small quantities. 

When reduction was nearly complete, the liquid became turbid, and 
ultimately a solid separated which increased in quantity after the 
liquid had been cooled and kept for a few hours. Hydrochloric 
acid was then added to remove excess of zinc, and the product was 
collected. About 11 grams of the dried thiol derivative were 
obtained. The product thus isolated formed a colourless, micro- 
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erystalline powder which decomposed at about 250° and was very 
sparingly soluble in all common solvents. The latter property 
combined with the liability of mercaptans to undergo oxidation 
renders the purification of the substance very difficult. For 
example, the substance is sparingly soluble in boiling nitrobenzene, 
but the crystalline material which separates from this solution 
was found by analysis to be a mixture of the disulphide with other 
oxidation products. Hence, for analysis, a sample of the substance 
was submitted to methylation with methyl sulphate in alkaline 
solution. The product after crystallisation from hot water melted 
at 190°; Zincke and Jérg give 192° (loc. cit.), whilst Gattermann 
(loc. cit.) quotes 190° as the melting point of p-methylthiolbenzoic 
acid (Found: C= 56:9; H=50; S=19-5. Calc., C = 57:1; 
H= 4-8; S = 19-1 per cent.). The barium, silver, and copper 
salts of p-thiolbenzoic acid are sparingly soluble in water; they 
exist in two series, in one of which the carboxyl group alone is 
involved, whilst in the other both this and the thiol group take 
part. The salts of the latter type are the more soluble. 
p-Dithiobenzoic Acid, [CO,H-C,H,'S-],.—The dithio-acid is readily. 
formed from the mercaptan by the usual methods of oxidation; 
it was most readily obtained by heating the latter substance in 
air at 100°. To prepare a pure sample of the dithio-acid the mer- 
captan was first purified by the following process. The crude 
material was dissolved in a slight excess of dilute ammonia, and 
the solution boiled until nearly neutral; the precipitate, which 
contained a small quantity of zinc, was removed and the mer- 
captan liberated by dilute hydrochloric acid. The product was 
again submitted to the same treatment and then boiled with water 
until all ammonium chloride was removed. At this stage oxidation 
to the disulphide was extensive, but the change was completed 
by heating the substance at 100° for some hours (Found: S = 21-1; 
C= 547; H=3-6. C,,H,,0,8, requires S = 20-9; C = 54-9; 
H = 3-2 per cent.). p-Dithiobenzoic acid, prepared in this manner, 
formed a colourless powder which melted and decomposed some- 
what above 320° and was insoluble in water and very slightly 
soluble in organic media. The following data illustrate the action 
of alkali hydroxide with the substance. A sample was dissolved 
in excess of cold N/2-sodium hydroxide; the free alkali was then 
estimated after the lapse of ten minutes and it was found that 
one molecular proportion of the disulphide had combined with 
2-2 equivalents of sodium hydroxide. Under these conditions, the 
dithio-group evidently remains intact. A similar operation with 
a larger excess of alkali at 100° showed that decomposition was 
extensive, since 3-97 equivalents of alkali had combined with one 
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molecular proportion of the disulphide. Further experiments are 
required to show the exact relative stability of the three isomeric 
dithiobenzoic acids. 


Krneq’s CoLLEGcE, 
Lonpon. [Received, August 24th, 1922.] 


CCXLIV.—Reactions of Cellulose with Sodium Chloride 
and other Neutral Salt Solutions. Part I. Pre- 
liminary Survey. 


By HevLen MASTERS. 


In some experiments carried out by the British Scientific Instru. 
ment Research Association in connexion with tissue papers used 
for wrapping lenses, it was observed that some of the papers gave 
a slightly acid liquor on extracting with a solution of sodium 
chloride, although no acid could be detected in the aqueous 
extracts of these papers. Further observations indicated that 
the paper might possibly contain a trace of acid which could not 
be detected by the usual tests, but which was removed when the 
paper was extracted with the salt solution. As the chief problem 
under consideration, namely, that of providing a paper which 
would not produce tarnishing on a polished glass surface with 
which it was left in contact, had been satisfactorily solved, these 
investigations were not continued further, although the results 
were sufficient to indicate that a further study of the behaviour 
of cellulose with neutral salt solutions might prove of considerable 
interest. 

In consultation with Sir Herbert Jackson it was agreed that 
such an investigation should be undertaken in conjunction with 
the British Scientific Instrument Research Association as an 
extra-mural research. 

It is well known that some metallic substances are taken up by 
cellulose and that concentrated solutions of certain salts have a 
solvent action on it, but it appears to be generally accepted that 
cellulose is without action on dilute solutions of most neutral salts. 

Schwalbe (“Die Chemie der Cellulose ’’), after summarising 
numerous observations which have been made on the reactions of 
cellulose with neutral salt solutions, expresses the opinion that 
there is no definite evidence that cellulose can decompose such 
solutions. 

Harrison (J. Soc. Dyers Col., 1912, 28, 359), on the other hand, 
in studying the behaviour of cotton in relation to dyeing, observed 
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that when a solution of sodium chloride was filtered through purified 
cotton, hydrochloric acid passed through. The presence of this 
acid was detected by an electrolytic method, as the solution was 
too dilute for chemical analysis. The solution was found to have 
a higher conductivity after than before filtration. 

In the experiments made by the British Scientific Instrument 
Research Association, acid was extracted in sufficient quantity to 
react with neutral litmus and with methyl-orange. 

In view of the difficulty of obtaining cellulose free from small 
traces of impurities, the liberation of acid from the cellulose on 
extraction with sodium chloride might be due, as already suggested, 
to the presence in the cellulose of a trace of acid which could not be 
washed out with water, but which was removed on extracting with 
sodium chloride. As, however, the existing evidence indicates 
that the quantity of acid liberated is likely to be extremely small 
and of such an order that it would not be detected by the ordinary 
methods of analysis, the liberation of the acid might also con- 
ceivably be due to some reaction between the cellulose and the salt 
solution. A reaction of this character would not necessarily be 
incompatible with the generally accepted view that sodium chloride 
is in the ordinary sense, where quantities of greater magnitude are 
involved, without action on cellulose. 

In these investigations it was first of all necessary to obtain more 
definite evidence of the liberation of acid on the extraction of 
cellulose with sodium chloride, and in the event of acid being 
liberated to determine, if possible, whether this reaction was due 
to impurities in the cellulose or to some reaction between the cellulose 
and the salt solution. 

The best quality cotton wool was selected as the most suitable 
material for these experiments, as this may be regarded as one of 
the purest forms of cellulose available in considerable quantity. 

Method.—Freshly distilled water was used for washing the cotton 
and for preparing the required solutions. Its neutrality was tested 
immediately before use by titration with N/100-acid, using methy]- 
orange as indicator. The titrations were carried out in white 
porcelain dishes, and the amount of indicator added was carefully 
regulated. With good daylight illumination or with an inverted 
incandescent gas-lamp, a distinct colour change could be observed 
when 0-2 c.c. of N/100-acid was added to 100 c.c. of water, so that 
it should be possible by this method to detect the presence of 
0-07 milligram of hydrochloric acid or its equivalent in 100 c.c. 
of water. Expressed in terms of hydrogen-ion concentration, this 
solution would give a value of Py, = 4 to 5, and this is just within 
the limits of sensitiveness of the indicator. 
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The cotton was washed with water until at least two successive 
washings gave the same reaction as the water. In the first experi. 
ments, the cotton was steeped for about twenty-four hours, or jy 
some cases boiled for one hour in the water, and the water decanted 
and tested. This method of washing was found to be extremely 
slow, and in the later experiments the cotton was packed tightly 
in a cylindrical glass funnel connected with a filter flask and pump. 
The stem of the funnel dipped into the water used for washing, and 
the water was drawn through the cotton and collected in the filter 
flask. In all these later experiments, the cotton, after washing 
with cold water until a neutral extract was obtained, was washed 
three or four times with boiling water and then again with cold 
water to ensure the removal, as far as possible, of soluble substances 
present in the cotton. 

A neutral solution of sodium chloride was next passed through 
the washed cotton, the solution being tested both before and after 
passing through the cotton in the same manner as the water. The 
solution of sodium chloride which had passed through the cotton 
was found in all cases to be acid to methyl-orange, although several 
different samples of cotton were tried, some of which gave at first 
a slightly alkaline extract during the preliminary washing and 
others a slightly acid extract. The acidity of the solution which 
had passed through the cotton was determined by titration with 
N/100-alkali, using, as in the case of the water, 100 c.c. for each 
titration. If the extraction with sodium chloride was repeated 
several times, the amount of acid extracted rapidly decreased and 
after two or three extractions the extract became neutral. 

If the liberation of acid is due to the salting out of some im- 
purity in the cotton, it might be anticipated that extracting with 
sodium chloride until a neutral extract was obtained would remove 
this impurity and that the cotton thus treated and the original 
cotton might behave differently. 

To test this point, the cotton which had been extracted with 
sodium chloride until a neutral extract had been obtained was next 
washed with water until the washings were free from chloride and 
neutral. On passing sodium chloride through this cotton, an acid 
extract was again obtained. 

The processes of alternately extracting with water and with sodium 
chloride solution, in each case until a neutral extract was obtained, 
were repeated several times and acid was always extracted when 
the sodium chloride solution was passed through the washed cotton. 

The amount of acid extracted in the successive experiments with 
sodium chloride was estimated in each case by titrating, with 
N/100-alkali, all the sodium chloride extracts which gave an acid 
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action and taking the sum of these titrations as equivalent to the 
total yield of acid for that experiment. 

The acidity at first showed a tendency to increase, the amount 
ofacid yielded in the second experiment being greater than obtained 
in the first, but afterwards the acidity appeared to approach a 
constant value and no evidence was obtained, as the experiments 
proceeded, of any decrease in the amount of acid extracted. It 
yas also observed that when the cotton which had been treated 
with sodium chloride was subsequently washed with water the 
first washings had a slightly alkaline reaction. This alkalinity was 
very slight and decreased as the washing proceeded, but persisted 
through a number of washings, and some difficulty was experienced 
in completely freeing the cotton from alkali. 


TABLE I. 


Ten grams of cotton. N/10-Sodium chloride. 


Acid. 
Amount Alkali. 
C.c. of expressed in C.c. of Equivalent in 
Treatment. N/100-acid. mg. of HCl. N/100-alkali. mg. of HCl. 


Preliminary wash- 
i 1-0 0:36 
2-2 
4-4 
Il. N/10-Sodium 
chloride ° 3°9 
4-1 
I. N/10-Sodium 


chloride . 3°8 
4-1 


3-9 
3-9 


Average of II, III, 

and IV 3-9 11-1 4-0 

The total alkali thus extracted was estimated from the sum of 
the titrations of all washings giving an alkaline reaction, and it 
was found that this alkali was, in most cases, approximately equiva- 
lent to the acid extracted from the cotton by the sodium chloride 
solution. As the extraction of this alkali extended over a con- 
siderable number of washings and the individual titrations were 
extremely small, very exact agreement could scarcely be expected. 

Table I shows the results obtained in a typical experiment in 
which 10 grams of cotton were alternately extracted with water 
and with N/10-sodium chloride in each case until a neutral extract 
was obtained; 200 c.c. of liquid were used for each extraction. 
The acidity is expressed as milligrams of hydrochloric acid, and for 
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comparison the alkalinity is also expressed in this form. The acid 
extracted in the preliminary washing is included in this case jy 
order to show that the amount is small compared with that subse. 
quently extracted by the sodium chloride. 

Results with Sodium Chloride ——The figures in Table I record the 
total amounts of acid and of alkali extracted in the successiye 
experiments, but provide no comparison of the rates at which the 
acid and alkali were extracted from the cotton. For this reason, 
the results have also been expressed in a graphical form by plotting 
the volume of N/100-acid or alkali used for the titration of, each 
extract. 

Fic. 1. 


i \ : PY 
e ry | LA 


' Nie 
' : a | ® ‘ 
‘ sock, / oe \ 3 eee. } “ie Were ‘ ” b aioe eT 4 
bh Se Irtrrststyrt Prst? ASF 5O7TVFT 
NaCl Water NaCl Water NaCl Water NaCl Water NaCl 


Ertyohows 


C.c. of N/100-acid or alkali. 


Fic. 2. 


aS 
3 


7 
4 
5 
4 
3 
2 
' 


A 
= 
aa) 
8 
; 
S 
ra 
Z 
> 
8 
© 


Water CaCl, Water Cacl, Water CaCl, Water CaCl, Water CaCl, Water 


Thus, in Fig. 1, the dotted line represents the extraction of acid 
and the continuous line the extraction of alkali. The ordinates 
represent the number of c.c. of N/100-acid or alkali used for the 
neutralisation of each extract; so the sum of the ordinates in each 
portion of the curve gives the total volume of V/100-alkali or acid 
extracted in that stage of the experiment, and these are the amounts 
recorded in Table I. It will be seen that the extraction of the acid 
is much more rapid than the extraction of the alkali, and that at 
first the acid is low and the alkali in excess of this acid, but that 
afterwards the amounts of acid and alkali tend to become equiva- 
lent. Similar results were obtained in the earlier experiments in 
which the cotton was washed and extracted by steeping, but the 
amounts of acid and alkali extracted were smaller. 
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From the evidence thus furnished it appears that the liberation 
of acid by the action of sodium chloride on cellulose cannot be 
attributed, at any rate entirely, to the washing or salting out of 
acid originally present in the cellulose. 

It has already been noted that similar results were obtained with 
several different samples of cotton, although some of these samples 
gave an acid extract on washing with water and some an alkaline 
extract. 

Various experiments were made, modifying the preliminary treat- 
ment of the cotton. The cotton was washed with acid and with 
alkali, and was also extracted with alcohol and ether, and then, 
after washing until a neutral extract was obtained, extracted with 
the salt solution. In all cases acid was liberated when the cotton 
was extracted with the salt solution, and alkali when fi cotton 
was subsequently extracted with water. 

An experiment was also made with cotton purified in the manner 
described by Cross and Bevan [“‘ Cellulose,’’ Cross and Bevan, Long- 
mans, p. 2 (1910)] for the isolation of cellulose from plant products. 
This purified cotton gave results which were in all respects similar to, 
and agreed closely with, those obtained with the untreated cotton. 

The same type of reaction was observed when best quality filter- 
paper and also when lustra-cellulose was used instead of cotton. 
When carefully purified asbestos was subjected to the same treat- 
ment, no liberation of acid or alkali was observed. 

It is intended to continue some experiments which have been 
made with wool, the results of which appear to indicate that alkali 
is liberated when the wool is extracted with salt solution, and acid 
when it is subsequently washed with water, this reaction being 
the reverse of that observed in the case of cotton. With the view 
of obtaining further data on which an explanation of the reactions 
observed in the case of cellulose could be based, the effect of varying 
the concentration of the salt solution and also the weight of cotton 
extracted was next examined. 

Further Experiments with Sodium Chloride.—The amount of acid 
extracted by a 20 per cent. solution (3-4 NV) of sodium chloride, 
was, on the average, the same as that extracted by a N/10-solution 
(3-9 mg. of HCl) and, as before, the acid yielded in the first experi- 
ment with sodium chloride was low. 

On washing with water, the alkali washed out very irregularly. 
The washings were at first alkaline, then showed a tendency to 
become neutral, afterwards becoming alkaline again. The total 
alkali extracted by the water was slightly in excess of the acid 
extracted by the salt solution and was equivalent on the average 
to 4:3 mg. of HCl. 
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In an experiment in which 30 grams of cotton were extracted 
with N/10-sodium chloride, the average amount of acid extracted 
was 10-5 mg. of HCl, and the average amount of alkali was equiva. 
lent to 11-2 mg. of HCl. These figures correspond with 3-5 and 
3-7 mg. of HCl, respectively, when calculated on 10 grams of cotton; 
so that the amounts are only slightly below the averages obtained 
in the previous experiments. 

In view of the difficulty of extracting small quantities of acid 
and alkali completely from a relatively large amount of cotton 
and of obtaining absolute accuracy in the titration of such dilute 
solutions, the agreement may be taken as close enough to indicate 
that the acid extracted from the cotton by the sodium chloride is 
proportional to the weight of cotton extracted. 

Cotton was also extracted with N/100-sodium chloride; the 
acid in this case averaged 3-0 mg. of HCl, and the alkali extracted 
on washing was equivalent to this acid. 

Effect of Temperature.—If the temperature of the sodium chloride 
solution was raised to boiling point and the solution then passed 
through the cotton, the amount of acid extracted did not increase 
and no evidence could be obtained that the use of boiling water 
facilitated the removal of alkali in the subsequent washing. In 
some cases, on the contrary, the alkali appeared to be removed 
rather less rapidly with boiling water than with cold water, but 
there was no appreciable difference in the total amounts extracted. 

The highly absorbent properties of cellulose and the very small 
amounts of acid and alkali liberated render it extremely difficult 
to obtain direct experimental evidence of the exact nature of the 
changes involved in the observed reactions, but it appeared that 
progress in this direction was most likely to be made by investigating 
the behaviour of other salt solutions under similar conditions. 

Other Salt Solutions—Completed experiments have so far only 
been made with a few salts, but it is intended that the examination 
shall be extended to a number of other salts. 

In these experiments, 10 grams of cotton were extracted with a 
N/10-solution of the salt, using 200 c.c. for each extraction. 

Ammonium chloride and sodium sulphate gave results in all 
respects similar to those obtained with sodium chloride, except 
that in the case of ammonium chloride the alkali washed out rather 
more readily. The amount of acid extracted with barium chloride 
and also with calcium chloride was considerably less than that 
extracted by sodium chloride, the average amount in both cases 
being 2-3 mg. of HCl. As indicated in Fig. 2, the washing out 
of the alkali was extremely slow, but the total alkali liberated was 
equivalent to the acid extracted by the salt solution. 
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With both these salts, the amount of acid extracted in the 
frst experiment was slightly greater tham that extracted in the 
succeeding experiments instead of less, as in the case of sodium 
chloride. 

With cadmium iodide, which was chosen on account of its being 
only very slightly dissociated in water, the washings did not become 
alkaline; the cotton was washed twelve times with cold water, 
three times with boiling water, and then again with cold water 
between each treatment with the salt solution. The amount of 
acid extracted in the first experiment was greater than in the 
succeeding experiments, and the average amount of acid extracted 
was 1-2 mg. of HCl, which was less than that obtained with any 
other salt solution so far examined. 

Acid was also liberated when a solution of sodium formate (slightly 
alkaline to litmus) was passed through washed cotton. The extract 
was neutral to methyl-orange but acid to litmus. 

It has been noted that the amount of acid liberated on first 
extracting the cellulose with the salt solution is in all cases some- 
what abnormal when compared with the-amount of acid set free 
in the succeeding experiments when the acid liberated has reached 
a constant value, and it seems probable that the liberation of acid 
in the first experiment is influenced by certain factors which are 
not operative in the later experiments. 

The amount of acid liberated by any particular salt is also likely 
to be in some degree dependent on the solubility of the corresponding 
basic hydroxide or on the extent to which it is possible to remove 
the base from the cellulose by extraction with water, that is, if 
the base is only partly removed from the cellulose by washing with 
water, then the retention of this base will tend to reduce the amount 
of acid set free when the cellulose shall be subsequently extracted 
with the salt solution. 

Any. attempt to remove the base more completely by washing 
with acid solutions instead of water between the extractions with 
the salt solution is likely to give rise to further difficulties, since 
in this case the possible effect of the retention of small quantities 
of acid in the cotton would have to be taken into consideration. 

Some experiments are, however, being made using two different 
salt solutions alternately, that is, the cellulose is first extracted 
with one solution and then, after thorough washing with water, with 
the other solution. It seems likely that results may be obtained 
by alternating suitable solutions in this manner, which will make 
amore definite statement on these points possible. The possibility 
of freeing the cotton more completely from electrolytes by forcing 
water through it by electro-osmosis has also been considered, and a 
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few preliminary experiments have been made. The results already 
recorded are, however, sufticient to indicate that the reactions 
observed in the case of sodium chloride are not to be attributed to 
any special property of this salt, but are rather to be regarded as 
of a more general character and typicat of the behaviour of a number 
of other neutral salts. 

Since reactions of this order which would in the ordinary way 
escape detection are likely to be of considerable importance, not 
only in relation to the properties and reactions of cellulose, but 
possibly also in relation to other problems of colloidal chemistry, 
it has been thought advisable to extend the scope of the inquiry 
with the view of dealing with the whole subject, at a later date, 
on a more comprehensive basis than is at present possible. 

In addition to obtaining further data for a number of represen. 
tative salt solutions, the question as to whether these reactions 
are to be regarded as a special function of cellulose and are dependent 
on its chemical composition and fibrous structure or whether similar 
reactions are exhibited by other colloids and more especially by 
other fibrous material requires careful consideration. Experiments 
on these lines are now in progress. All that has been at present 
attempted is to give some account of the nature of the investigation 
and to record some of the more important results so far established 
in the course of this work. 

Kina’s CoLttece ror WomMEN, 


HOUSEHOLD AND SoctaAn SciENCE DEPARTMENT, 
Lonpon, W. 8. [ Received, June 12th, 1922.] 


CCXLV.—The Condensation of Aromatic o-Amino- 
sulphonic Acids with isoCyanic Acid. 


By Joun Ricwarp Scorr and Jutius Berend Couen. 


Ir is well known that o-carbamidobenzoic acid and its substituted 
derivatives readily yicid anhydrides (hydantoins) by the loss of a 
molecule of water; the object of the present research was to examine 
the possibility of obtaining compounds of a corresponding type 
(formula I) from o-carbamido-sulphonic acids. It has been found, 
however, that the latter do not form anhydrides so readily as the 
corresponding carboxylic acids, and it is still doubtful whether 
such an anhydride has been obtained. This agrees with the 
observation of Paal and Zitelmann (Ber., 1903, 36, 3343), who were 
unable’ to obtain the anhydride of @-phenylearbamidoethane-«- 
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sulphonic acid, whereas Hoogewerff and van Dorp (Rec. trav. chim., 
1890, 9, 57) obtained that of 8-phenylcarbamidopropionic acid. 


* ‘NH-CO-NH, 
x\_ Jso,t 
\_ J80sH 


(I1T.) 


As no o-carbamido-sulphonic acid of the benzene series had been 
previously prepared, the action of isocyanic acid on a number of 
p-substituted aniline-o-sulphonic acids (II) has been investigated. 
The results may be summarised as follow :— 

(1) When X = NO,, isocyanic acid does not condense with the 
amino-group of the sulphonic acid. 

(2) When X = H, CHg, or SO,H, one molecule of isocyanic acid 
condenses with one molecule of the sulphonic acid, giving a carb- 
amido-acid (III). Attempts were made to convert the latter 
into the anhydride (I) by the action of hydrochloric acid, acetyl 
chloride, or benzoyl chloride, but the acid was always recovered 
unchanged. 

By the action of phosphoryl chloride on p-carbamidotoluene-m- 
sulphonic acid, a compound was obtained having the properties of 
an anhydride, but owing to the small amount obtained the analysis 
was unsatisfactory. The examination of this compound is being 
continued. 

The action of aniline on p-carbamidotoluene-m-sulphonic acid has 
been found to take a somewhat unexpected course. By heating 
the acid with one molecule of aniline, it was thought that ammonium 
p-phenylearbamidotoluene-m-sulphonate (IV) would be produced. 


NH-CO-NH NH-CO-NHPh NH-CO-NH 
2 
NH,Ph Cum NH,S0,/ N ¢ s0,NH, 
/ \s =, 
Me Me Me 
(IV.) (V.) 


The products obtained, however, were s-diphenylearbamide and 
ammonium  s-di-p-tolylcarbamide-2 : 2’-disulphonate (V). When 
excess of aniline was used, s-diphenylcarbamide and p-toluidine-m- 
sulphonic acid were formed. 

(3) When X = Cl, Br, or I, two molecules of isocyanic acid 
condense with one of the sulphonic acid, giving a derivative of as- 
phenylbiuret (VI); according to its mode of formation, the product 
might have either of the formule (VI) and (VII), but its constitution 
was proved by the following observations :— 

(a) When p-bromophenylbiuret-o-sulphonic acid (VI) was heated 

4A2 
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with excess of aniline at 160°, it was decomposed with the formation 
of p-bromoaniline-o-sulphonic acid and s-diphenylbiuret. 


NH-CO-NH-CO-NH, NH, 
( S0,H a 4 'SO,NH,-+NH(CO-NHPh), 
\Z ‘sr 

Br Br 
(VI.) 

N(CO-NH,), 
( )S0,H 
\/ 

br 
(VIL) 


In the case of a compound having the constitution (VII), the action of 
aniline would probably result in the splitting off of the two carbamyl 
groups, which would be converted into s-diphenylcarbamide. 

(6) According to Schiff (Annalen, 1907, 352, 73), symmetrically 
substituted biurets (NH,*CO-NR-CO-NH,) give the biuret reaction, 
whereas asymmetric derivatives (NHR-CO-NH-CO-NH,) do not; 
our condensation products resemble the latter in giving no biuret 
reaction. 

(c) Potassium p-bromophenylbiuret-o-sulphonate gives mono- 
acetyl and mono-benzoy! derivatives; a substance having formula 
(VII) would probably give di-substituted derivatives. 

When these biuret derivatives are treated with nitrous acid, no 
nitrogen is liberated and the resulting solution gives only a pale 
yellow coloration on the addition of 8-naphthol in sodium hydroxide 
solution. This affords a ready means of distinguishing these com- 
pounds from the carbamido-acids, which by the same treatment 
give nitrogen, and, with $-naphthol, an azo-colour. Incidentally, 
it was shown that s-disubstituted carbamides (for example, s-di- 
phenylcarbamide and s-acetylphenylearbamide) are also unaffected 
by nitrous acid. 

As the failure of nitrous acid to react with the biuret derivatives 
was somewhat unexpected, it was decided to examine its action on 
the two phenylbiurets. as-Phenylbiuret was found to behave 
exactly like the products obtained by the action of isocyanic acid 
on the halogenoanilinesulphonic acids; but, unfortunately, we were 
unable to obtain the symmetrical compound. Schiff (loc. cit.) 
claims to have obtained s-phenylbiuret by the action of phosphorus 
trichloride on phenylcarbamide, but we were unable to isolate the 
compound. Béeseken and Couvert (Rev. trav. chim., 1910, [ii], 14, 
291) also failed to obtain it by this method. As it seemed probable 
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that as-phenyleyanocarbamide (VIII) would yield this substance 
by hydrolysis under suitable conditions, 

(VHII.) CN-NPh:CO-NH, —>» NH,°CO-NPh-CO-NH, 
attempts were made to obtain the former compound, (a) by the 
condensation of phenyleyanamide with tsocyanic acid, which proved 
unsuccessful, and (6) by the action of ammonia on phenyleyano- 
wethane (CN-NPh-CO,Et). The urethane was readily obtained by 
the action of ethyl chloroformate on potassium phenyleyanamide 
(NKPh-CN), but the action of ammonia gave only a very small 
quantity of an impure product. The attempt to obtain s-phenyl- 
biuret was therefore discontinued. 

The exceptional behaviour of the p-halogeno-aniline-o-sulphonic 
acids in giving biuret derivatives by the action of isocyanic acid 
is not due to the influence of either the sulphonic acid group or the 
halogen atom alone, since, as we have shown, neither aniline-o- 
sulphonic acid nor p-bromoaniline yields biuret derivatives, and 
previous investigators have shown that p-chloro- and p-iodo-aniline 
give the corresponding carbamides. 

In order to determine whether p-bromophenylearbamide-o- 
sulphonie acid (IX) can be converted into the corresponding biuret 
compound by the action of /socyanic acid, or of ethyl chloroformate 
followed by ammonia, 


NH-CO-NH-CO-NH, _ NH-CO-NH, 
( S0,H —— ( a Soe 
| om —> | | * a 
\/ aso \ 
Pr Br 
(IX.) 

NH-CO-NH-CO,Et NH-CO-NH-CO-NH, 

: S0,H banan 4 SO3H 

sO ‘ar 

Br Br 


the following methods for the preparation of the carbamido-acid 
are being investigated. (a) The sulphonation of p-bromophenyl- 
carbamide; (6) the bromination of o-carbamidobenzenesulphonic 
acid; (c) the condensation of p-bromoaniline-o-sulphonic acid with 
ethyl chloroformate, and treatment of the resulting urethane (X) 
with ammonia. 
, 4 ‘NH, a ‘NH-CO, Et MB, \NH-CO-NH, 
TK 0st Br. AO3H Br /S03H 
(X.) 
The results of these experiments will be described in a later 
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communication, but it may be mentioned that the sulphonation of 
p-bromophenylearbamide gives the desired product (IX), and 
p-tolylearbamide may be converted in the same way into p-carb. 
amidotoluene-m-sulphonic acid, identical with the -product here 
described (p. 2039) ; the potassium salt of (X) has also been obtained, 
p-Bromophenylcarbamide-o-sulphonic acid is also produced by the 
prolonged action of acetic anhydride on potassium p-bromophenyl- 
biuret-o-sulphonate, and de-acetylation of the product. 

The condensation of other p-substituted aniline-o-sulphonic acids 
with isocyanic acid is being investigated. 


EXPERIMENTAL. 
p-Nitroaniline-o-sulphonic Acid.—Equivalent amounts of sodium 
acetanilide-o-sulphonate (Claasz, Annalen, 1911, 380, 309) and 
barium chloride were dissolved in the minimum quantity of boiling 
water. On cooling, barium acetanilide-o-sulphonate separated in 
small prisms. This was nitrated to give p-nitroaniline-o-sulphonic 
acid (Boyle, T., 1911, 99, 329). 

The potassium salt forms anhydrous, orange, rhombic plates, 
and is remarkable for its sparing solubility in water, being formed 
as a precipitate by the addition of a potassium salt to a solution of 
the acid. Even with a 0-1 per cent. solution of potassium chloride, 
a precipitate is formed after some time. The ammonium salt forms 
small, orange rhombohedra, sparingly soluble in cold water, and 
charring without melting at about 290°. The aniline salt separates 
from alcohol, in which it is not very soluble, in yellow, rhombic 
plates, decomposing without melting at 236—237°. 

Action of Potassium Cyanate on p-Nitroaniline-o-sul phonic Acid. — 
(a) On mixing aqueous solutions containing 1 mol. of the acid and 
2 mols. of potassium cyanate respectively, an orange precipitate 
was thrown down. This, after recrystallisation from water, formed 
orange, rhombic plates and was proved to be potassium p-nitro- 
aniline-o-sulphonate (Found: N = 11-21. Cale., N = 10°94 per 
cent.). The precipitation of this salt was almost quantitative. 

(6) A solution containing 1 mol. of the nitro-acid, 1-5 jmols. of 
potassium cyanate, and 0-5 mol. of hydrochloric acid in $ufficient 
hot water to give a clear solution was evaporated to small pulk and 
cooled. Potassium p-nitroaniline-o-sulphonate again crystallised 
out almost quantitatively. 

(c) One mol. of the nitro-acid, 2 mols. of the cyanate, and 4 mols. 
of hydrochloric acid were boiled for some time with a large volume 
of alcohol. The orange precipitate originally formed did not 
redissolve and was again shown to be potassium p-nitroaniline-o- 
sulphonate. 
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p-Toluidine-m-sulphonic Acid.—This acid, prepared according 
to von Pechmann (Annalen, 1874, 173, 195), forms pale yellow 
needles which turn brown at 290° and above and decompose to a 
black mass at 312°. The ammonium salt consists of small, colourless 
prisms and melts with decomposition at 241—243°; the aniline 
alt crystallises from alcohol in needles melting with decomposition 
at 237—241°. 

Condensation with isoCyanic Acid.—Twenty-five grams of p- 
toluidine-m-sulphonic acid (1 mol.) and 15-5 grams of potassium 
cyanate (1-5 mols.) were dissolved in 150 c.c. of water; the clear 
lution was treated with 6-4 c.c. of hydrochloric acid (0-5 mol.) 
and evaporated to dryness on the water-bath. The residue was 
dissolved in sufficient boiling water to make 130 c.c. of solution, 
which, after filtering, was kept over-night. The white, pasty mass 
which separated was filtered off and dissolved in a boiling mixture 
of 65 c.c. of hydrochloric acid and 65 c.c. of water. On cooling, 
p-carbamidotoluene-m-sulphonic acid crystallised out in small 
plates (15 grams). A little more, mixed with some p-toluidine-m- 
sulphonic acid, was obtained by concentrating the mother-liquors. 
The product was recrystallised from a mixture of three parts of 
water and two of hydrochloric acid. 

p-Carbamidotoluene-m-sulphonic acid forms small, colourless, 
rectangular plates or prisms which become yellow at 210° and 
decompose at 222—-223° (Found : in air-dried material, N = 11-60; 
H = 4-78, 4-71; H,O = 7-96; in material dried at 120°, C = 41-45; 
N= 12-01. C,H,j0,N,8,H,O requires N = 11-29; H = 4-85; 
H,O = 7-26. C,H,,0,N.S requires C = 41-74; N = 12-17 per 
cent.). It is very soluble in water, sparingly soluble in methyl or 
ethyl alcohol, and insoluble in other organic solvents. Owing to 
its sparing solubility in cold hydrochloric acid, it may be precipitated 
from an aqueous solution by the addition of hydrochloric acid, and 
is best crystallised from a mixture of the acid and water. On 
attempting to acetylate the acid by boiling it with excess of acetic 
anhydride, a clear solution was obtained, which, on standing, 
deposited crystals of p-toluidine-m-sulphonie acid (identified by 
its ammonium salt, prisms decomposing at 241°); no crystalline 
product could be obtained from the remaining liquid. It is there- 
fore evident that boiling acetic anhydride breaks down the 
carbamido-group. 

The potassium salt of p-carbamidotoluene-m-sulphonic acid 
erystallises from water, in which it is less soluble than the free 
acid, in small prisms which !ose their water of crystallisation at 
145° (Found: in air-dried material, K = 13-51; H,O = 5-98. 
CsH,O,N,SK,H,O requires K = 13-64; H,O = 6-29 per cent.). 
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The ammonium salt forms small, colourless prisms decomposing at 
258° with effervescence. The aniline salt is prepared by heating 
the acid with aniline and alcohol. On cooling the clear solution, q 
mass of crystals separates; this, after recrystallisation from alcohol, 
in which it is very soluble, forms colourless needles or prisms, melting 
at 170—171° to a liquid which soon resolidifies and then melts 
with decomposition at about 247—249° (Found: N = 13-04, 
C,H,,0,N.8,C,H,N requires N = 13-00 per cent.). 

Potassium __ p-Acetylcarbamidotoluene-m-sul phonate.—Potassium 
p-carbamidotoluene-m-sulphonate (4-5 grams) was boiled with 30 c.c. 
of acetic anhydride for one hour. After cooling, the solid was filtered 
off, washed with ether, dried in a vacuum, and twice recrystallised 
from boiling 70 per cent. alcohol. The fine, colourless needles thus 
obtained decomposed, with evolution of gas, at 291—293° (Found: 
in air-dried material, K — 11-44; H,O = 5-40; in material dried 
at 115°, C= 38:18; H=3-43; N= 9-36. C,)9H,,0;N,SK,H,0 
requires K = 11-89; H,O = 5-49. C,,H,,0O;N.SK requires C = 
38-71; H = 3-55; N = 9-03 per cent.). Nitrous acid does not 
liberate nitrogen from this salt, and the resulting solution gives 
no azo-colour with alkaline -naphthol; -carbamidotoluene-m. 
sulphonic acid, under the same conditions, gives nitrogen and a deep 
red azo-colour. An attempt to obtain the free acid by treating the 
potassium salt with hydrochloric acid failed owing to the hydrolysis 
of the acetyl group. 

By prolonged boiling of potassium p-carbamidotoluene-m- 
sulphonate with excess of acetic anhydride, a clear solution was 
formed, from which, by distilling off the acetic anhydride under 
reduced pressure and crystallising the residue from alcohol, small, 
colourless plates decomposing at 261° were obtained (Found: 
N= 4-94 per cent.). This was probably potassium p-acetyl- 
aminotoluene-m-sulphonate (Cale., N = 5-24 per cent.) or potassium 
p-diacetylaminotoluene-m-sulphonate (Cale., N = 4-53 per cent.). 

Action of Phosphoryl Chloride on p-Carbamidotoluene-m-sul phonic 
Acid.—Kight grams of the acid were boiled with 35 c.c. of phosphoryl 
chloride for ten to fifteen minutes, when a clear solution was obtained. 
After distilling off most of the chloride, the residue was poured into 
130 c.c. of water, and the mixture boiled for some time. The aqueous 
solution, on evaporation, yielded crystals of p-toluidine-m-sulphonic 
acid (yellow needles, decomposing at 309°; ammonium salt, small 
prisms, m. p. 242—243° with decomposition). The insoluble, 
sticky residue, when treated with hot acetone, partly dissolved, 
leaving a white powder, insoluble in water or alcohol and remaining 
unchanged below 320°. The acetone solution, on standing, deposited 

a white substance, which was twice extracted with boiling acetone. 
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Qn pouring the extracts into water, a crystalline precipitate was 
thrown down; this was redissolved in boiling acetone, and water 
added until crystals began to form. On cooling, colourless, thin, 
thombic plates separated, which weighed 0-2 gram and decomposed 
at 272-5° (Found : in air-dried material, H,O = 14-50; in material 
dried at 120°, N = 11-75. C,H,O,N,S,2H,0 requires H,O = 14-52. 
(,H,O,N,S requires N = 13-21 per cent.). This compound contains 
sitrogen and sulphur, but neither chlorine nor phosphorus. It 
dissolves sparingly in water, giving a neutral solution, and is not 
acted on by sodium carbonate solution. 

Action of Aniline on p-Carbamidotoluene-m-sulphonic Acid.— 
a) 2-5 Grams of the acid (1 mol.) were ground with 0-95 gram of 
aniline (1 mol.) until they were converted into a solid mass of the 
aniline salt. This was heated to 170—175°, at which temperature 
it melted to a viscid liquid, which soon resolidified. After keeping 
at 175° for thirty minutes, the mass was cooled, boiled with 50 c.c. 
of water, and filtered. The insoluble residue (1-0 gram), after two 
recrystallisations from alcohol, formed colourless needles, m. p. 
237-0-—237-5°. It was identified as s-diphenylearbamide by a 
nixed melting-point determination (m. p. of mixture, 236-5—237-0°) 
with an authentic specimen (m. p. 237-5°). The aqueous filtrate 
was evaporated to 10 c.c. and, on cooling, small pale yellow plates 
separated, which decomposed with vigorous effervescence at 275— 
276°. These were boiled with a little potassium hydroxide solution 
until no more ammonia was evolved; the clear solution, on cooling, 
deposited a quantity of minute, colourless plates, which were re- 
crystallised from 60 per cent. alcohol, and dried over sulphuric acid. 
Potassium s-di-p-tolylearbamide-2 : 2’-disulphonate was thus obtained 
as minute, anhydrous needles or plates (Found: N = 6-10; 
K = 16-21. C,;H,,0;N,8,K, requires N = 5-88; K = 16-38 per 
cent.). This compound gives no azo-colour when treated with 
nitrous acid and alkaline $-naphthol. The yellow plates decom- 
posing at 275—276° were evidently the corresponding ammonium 
salt. 

(6) p-Carbamidotoluene-m-sulphonie acid was heated with an 
equal weight of aniline (3 mols.) at 160° for some time. The mixture, 
after first liquefying, gradually solidified to a pink mass, which, 
having been ground with ether to remove unchanged aniline, was 
boiled with dilute sodium carbonate solution. The insoluble 
residue, after recrystallisation from alcohol, melted at 236-5—237-0° 
and was identified as s-diphenylearbamide. The aqueous solution, 
on evaporation, yielded pink, narrow plates, which evidently con- 
sisted of sodium p-toluidine-m-sulphonate, as on treatment with 


dilute hydrochloric acid p-toluidine-m-sulphonic acid was formed 
4 a* 
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(pale yellow needles, decomposing at 311°; ammonium salt, prisms, 
decomposing at 242°). 

Aniline-o-sulphonic Acid.—p-Bromoaniline-o-sulphonic acid was 
debrominated by boiling with zinc dust and sodium hydroxide, as 
described by Kreis (Annalen, 1895, 286, 385), but the process was 
continued for nine to ten hours (the six hours recommended by Kreis 
being insufficient) and the zine was precipitated from the filtered 
liquid by saturating with carbon dioxide, instead of acidifying 
with hydrochloric acid and then precipitating with sodium 
carbonate. 

The aniline salt forms colourless needles or prisms melting 
indefinitely at 180—210° with decomposition. 

Condensaiion with isoCyanic Acid.—A mixture of 15 grams of the 
sulphonic acid (1 mol.), 10-5 grams of potassium cyanate (1-5 mols.), 
4-3 c.c. of hydrochloric acid (0-5 mol.), and 100 c.c. of water was 
evaporated to dryness and the residue recrystallised from boiling 
water (sufficient to make 90 c.c. of solution) as described under the 
condensation of p-toluidine-m-sulphonice acid with isocyanic acid. 
The pasty mass which separated on standing over-night was filtered 
off, well pressed on a porous plate, and dried in a vacuum. The 
product (12 grams) was dissolved in 15 c.c. of boiling water, and 
35 c.c. of hydrochloric acid were added. On cooling and scratching 
the sides of the containing vessel, o-carbamidobenzenesulphonic 
acid separated out in small plates (7 grams). It was recrystallised 
from a mixture of equal volumes of water and hydrochloric acid. 

o-Carbamidobenzenesulphonic acid forms colourless, rhombic or 
hexagonal plates, decomposing at 215—230° (Found : in air-dried 
material, N = 11-99; H,O = 840. C;H,O,N,S,H,O requires 
N = 11-97; H,O = 7-69 per cent.). In its properties it resembles 
p-carbamidotoluene-m-sulphonic acid, but is more soluble in water 
and in dilute hydrochloric acid than the latter compound. 

The potassium salt forms colourless, hexagonal plates, much less 
soluble in water than the corresponding acid (Found: in air-dried 
material, H,O = 7-00; in material dried at 140°, K = 15°31. 
C,H,0O,N,SK,H,O requires H,O = 6-62. C,H,0,N,SK requires 
K = 15-35 per cent.). 

The ammonium salt, small, colourless prisms, melts with evolution 
of gas at 237°. The aniline salt (prepared like aniline p-carbamido- 
toluene-m-sulphonate) crystallises from a mixture of alcohol and 
chloroform in colourless needles, m. p. 159—161° (with decom- 

position). 

Potassium  0-Acetylcarbamidobenzenesul phonate.—Potassium 0- 
carbamidobenzenesulphonate was acetylated as described under 
potassium p-acetylcarbamidotoluene-m-sulphonate. The acetyl 
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derivative forms colourless needles which remain unchanged below 
310° (Found : in air-dried material, K = 11-94, 11-97; H,O = 5-91. 
(yHyO;N,SK,H,O requires K = 12-42; H,O = 5-73 per cent.). 
Its behaviour towards nitrous acid ‘is the same as that of the 
corresponding toluene derivative. 

Aniline-2 : 4-disulphonic Acid.—This was prepared by the 
sulphonation of sulphanilic acid (Zander, Annalen, 1879, 198, 1), 
but the yield was very poor. 

Condensation with isoCyanic Acid.—Two grams of the sulphonic 
acid (1 mol.) and 1-3 grams of potassium cyanate (2 mols.) were 
dissolved in a little water, and the mixture was evaporated to 
dryness on the water-bath. The residue was dissolved in a little 
boiling water, and hot alcohol added until a slight turbidity was 
produced, which was then redissolved by boiling. On cooling, the 
solution slowly deposited a flocculent mass of microscopic needles, 
which was recrystallised from alcohol and water in the same manner 
and finally dried over sulphuric acid. 

Potassium phenylcarbamide-2 : 4-disulphonate was thus obtained 
as a white powder, very soluble in water but insoluble in alcohol 
(Found : in air-dried material, N = 7-55; H,O = 4-85; in material 
dried at 130°, K = 21-14. C,H,0O,N,S,K,,H,O requires N = 7-18; 
H,O = 4-62. C,H,O,N,S,K, requires K = 20-97 per cent.). This 
compound is decomposed by nitrous acid with liberation of nitrogen, 
and the addition of alkaline 8-naphthol then produces a deep red 
azo-colour. 

Condensation of p-Bromoaniline with isoCyanic Acid.—p-Bromo- 
aniline (1 mol.) was dissolved in dilute hydrochloric acid (2-5 mols.) 
and treated with an aqueous solution of potassium cyanate (2-5 
mols.). The pasty mass which soon separated was filtered off 
and recrystallised from alcohol. The product was identified as p- 
bromophenylcarbamide (Found: N = 13-20. Cale., N = 13-02 
per cent.). It formed colourless needles, decomposing and charring 
without melting at 265° upwards; Richter (Ber., 1891, 24, 4172) 
describes p-bromophenylcarbamide as ‘‘ decomposing at 260° with- 
out melting.’ Nitrous acid acted upon it with liberation of nitrogen 
and formation of a diazonium salt. 

p-Bromoaniline-o-sulphonic Acid.—This was prepared by a modi- 
fication of the method of Kreis (Annalen, 1895, 286, 381). p- 
Bromoacetanilide (125 grams) was sulphonated with fuming sulphuric 
acid (63 grams) as described by Kreis. The hard mass thus obtained 
was ground up with water and filtered after standing for two hours. 
The solid was added to a hot solution of 50 grams of anhydrous 
sodium carbonate in two litres of water, which was then boiled with 


animal charcoal and filtered hot. The acid was precipitated from 
4a*2 
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the filtrate by the addition of 120 c.c. of hydrochloric acid; after 
cooling, it was filtered off, well washed with cold water, and dried in 
a vacuum desiccator. A little more was obtained by concentrating 
the filtrate. The yield was 78 per cent. of the theoretical. The 
acid thus obtained was practically white and was free from a 
sparingly soluble impurity (insoluble in sodium carbonate solution) 
which was always present when the crude sulphonation product was 
simply recrystallised from boiling water, as recommended by Kreis, 

p-Bromoaniline-o-sulphonic acid crystallises in small plates 
(anhydrous) or needles (hydrated); both forms begin to darken at 
270° and decompose to a black mass at 291°. 

The sodium salt crystallises in small, pink, elongated plates, which 
are anhydrous (Found: Na = 8-40. C,H;O,NBrSNa_ requires 
Na = 8-39 per cent.). The ammonium salt, small, colourless plates 
very soluble in water, melts at 226—227° to a liquid which rapidly 
acquires an intense purple colour. 

The aniline salt was prepared by heating the acid with aniline 
and alcohol. The clear solution, on cooling, deposited colourless 
crystals, which were recrystallised from a mixture of alcohol and 
chloroform. Aniline p-bromoaniline-o-sulphonate forms small, glis- 
tening, colourless, rhombic plates, very soluble in alcohol and insolu- 
ble in chloroform (Found: N = 7-87, 7-82. C,H,O,NBr8,C,H,N 
requires N = 8-12 per cent.). It melts at 214° to a colourless liquid 
which soon becomes deep purple. 

Condensation with isoCyanic Acid.—Seventy grams of the 
sulphonic acid (1 mol.) and 45 grams of potassium cyanate (2 mols.) 
were dissolved in 600 c.c. of cold water, and 27 c.c. of hydrochloric 
acid (1 mol.) added. The mixture was evaporated on the water- 
bath until it acquired a pasty consistency and was then dissolved in 
600 c.c. of hot water. On cooling, a mass of small needles separated, 
which, after recrystallisation from hot water and drying over 
sulphuric acid, weighed 36 grams, and consisted of potassium 
p-bromophenylbiuret-o-sulphonate. 

The mother-liquors from the crude product, on evaporation, 
yielded a quantity of pinkish-brown crusts. When these were 
dissolved in a little boiling water and the solution kept for some 
hours, a violet, pasty mass slowly separated. By repeating the 
recrystallisation three or four times, a pale violet, apparently 
amorphous powder was obtained, which approximated in com- 
position to a double potassium ammonium salt of p-bromoaniline- 
o-sulphonic acid having the formula 

2(C,H;NBr’SO,K),C,H;NBr-SO,NH,,H,O 
(Found: C = 25-04; N=654; S= 11:33; K=9-77; H,O= 
2-40. Cale, C=2492; N=646; S=1108; K=901; 
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H,O = 2-08 per cent.). When this substance was heated alone 
or with sodium hydroxide solution, ammonia was liberated; and 
when treated with dilute hydrochloric acid, p-bromoaniline-o- 
sulphonic acid was formed (Found: in material dried at 130°, 
N= 5-00. Cale., N = 5-18 per cent.). The latter compound was 
further identified by preparing its aniline salt, small, rhombic plates 
which melted at 214—215°, and at 214° when mixed with an 
authentic specimen of aniline p-bromoaniline-o-sulphonate, in both 
cases forming a liquid which rapidly became purple. By careful 
crystallisation of the violet compound from water, a small quantity 
of pink plates, decomposing at 277—2806°, was obtained; a similar 
substance, decomposing at 280°, was obtained by evaporating a 
solution containing the potassium and ammonium salts of p-bromo- 
aniline-o-sulphonic acid. There is no doubt, therefore, that the 
violet compound is an impure double salt. 

Potassium p-bromophenylbiuret-o-sulphonate forms small, colour- 
less or faintly yellow needles, decomposing to a frothy mass at 210°. 
On attempting to estimate the water of crystallisation, the substance 
decomposed, but the analysis showed the salt to be dihydrated 
(Found: C = 23:39; H =—2-80; N=10-28; S=790; Br= 
1951; K = 9-53. C,H,O;N,BrSK,2H,O requires C = 23-30; 
H = 2:67; N=10-19; S=7:77; Br= 19-42; K = 9-47 per 
cent.). It is sparingly soluble in cold water, moderately soluble in 
hot water, and insoluble in alcohol. It dissolves readily in solutions 
of caustic alkalis to a reddish-violet solution. When treated with 
nitrous acid, no nitrogen is evolved and the resulting solution gives 
only a pale yellow coloration with alkaline 8-naphthol ; after standing 
over-night with the nitrous acid, 8-naphthol produces a light red 
coloration (compare the action of nitrous acid on as-phenylbiuret, 
described below). Potassium p-bromophenylbiuret-o-sulphonate 
gives no biuret reaction, but is decomposed by sodium hypobromite 
with the liberation of two atoms of nitrogen (Found: N = 7-14. 
Cale., N = 6-80 per cent.). A hot aqueous solution of the salt, 
which has a yellow colour, is turned pink by the addition of dilute 
hydrochloric acid, and, on cooling, pink needles separate. These 
decompose at 181°, but consist of the unchanged salt (Found : 
N = 9-99 per cent.); on recrystallisation from water, the yellow 
colour is restored. 

In some earlier experiments in which the p-bromoaniline-o- 
sulphonic acid was purified according to Kreis, instead of by the 
method described above, the product consisted of large, silky, 
yellow needles, decomposing at 181°. These, in spite of repeated 
crystallisation, gave unsatisfactory analyses (Found: K = 8-20, 
8-41 per cent.); but by crystallisation from potassium hydroxide 
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solution and again from water, a pure product was obtained. This 
formed bright yellow needles, decomposing at 181°, in which the 
water of crystallisation could be estimated directly and which 
analysis showed to have the same composition as the substance 
decomposing at 210°, described above (Found : in air-dried material, 
N = 10-26; K = 9-55; H,O = 8-73; in material dried at 130°, 
C = 25-53; H = 2-18. C,H,0,N,BrSK,2H,0 requires N = 10-19; 
K = 947; H,O= 8-74. C,H,O;N,BrSK requires C = 25-53; 
H = 1-86 per cent.). 

p-Bromophenylbiuret-o-sulphonic Acid.—Six grams of the 
potassium salt were added to a boiling mixture of 140 c.c. of 
hydrochloric acid and 60 c.c. of water. The salt dissolved and 
almost immediately the acid separated as a violet crystalline 
powder. After cooling, this was filtered off and dissolved in a little 
warm water; on adding hydrochloric acid, the sulphonic acid was 
reprecipitated and was then dried in a vacuum (Found: N = 12-43. 
C,H,O;N,BrS requires N = 12-27 per cent.). p-Bromophenyl- 
biuret-o-sulphonic acid forms minute, pale violet plates or prisms, 
decomposing to a bulky froth at 192°. It is very soluble in water, 
moderately soluble in methyl or ethyl alcohol, and insoluble in 
other organic solvents and in hydrochloric acid. Its behaviour 
towards nitrous acid is the same as that of the potassium salt. 

The ammonium salt, which is sparingly soluble in cold, and readily 
soluble in hot water, was obtained in two forms: colourless, hair- 
like needles, decomposing at 194°, and clusters of silky, bright 
yellow needles, decomposing at 184°. Both were formed simul- 
taneously by the slow crystallisation of a solution of the salt; they 
are probably analogous to the two forms of the potassium salt 
described above. 

The aniline salt, prepared by heating the acid with aniline and 
alcohol, separates from the clear solution thus obtained, in colour- 
less, rhombic plates, which may be recrystallised from alcohol. 
It melts with decomposition at 212° (Found: Br = 18-73; S = 7-71. 
C,H,O;N,Br8S,C,H,N requires Br = 18-57; S = 7-42 per cent.). 

Potassium Acetyl-p-bromophenylbiuret-o-sulphonate.—Three grams 
of potassium p-bromophenylbiuret-o-sulphonate were boiled with 
30 c.c. of acetic anhydride for thirty minutes. The solid was 
filtered off, washed with ether, and recrystallised from hot water. 
The acetyl derivative was thus obtained as anhydrous, fine, colour- 
less needles, sparingly soluble in cold water, and decomposing with 
evolution of gas at 269—270° (Found: N=9-84; K = 9-27. 
C,9H,O,N,BrSK requires N = 10-05; K = 9-33 per cent.). When 
crystallised from 70 per cent. alcohol, it formed small, rhombic or 
hexagonal plates, decomposing at 267°, which were shown by the 
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iodoform reaction to contain alcohol of crystallisation (Found : loss 
on heating at 140° = 4-98. C,,H,O,N,BrSh,!C,H,O requires 
(,H,0 = 5-22 per cent.). 

By boiling potassium p-bromophenyibiuret-o-sulphonate with 
ten times its weight of acetic anhydride for one and a half hours, it 
was converted into a mass of flattened needles, which, after recrys- 
tallisation from hot water (with the addition of potassium carbonate 
to neutralise the acidity of the solution), formed colourless needles, 
remaining unchanged below 310°. This product gave no coloration 
with nitrous acid and alkaline -naphtho!, and was shown by analysis 
to be a somewhat impure specimen of polassium acelyl-p-bromophenyl- 
carbamide-o-sulphonaie (Found : in air-dried material, H,O0 = 4-77; 
in material dried at 125°, K = 9-94. C,H,0;N,BrSK,H,O requires 
H,O = 4:58. C,H,O,N,BrSK requires K = 10-40 per cent.). 

On dissolving this compound in boiling 70 per cent. hydrochloric 
acid and cooling, a substance separated, which, after recrystallisation 
from 50 per cent. hydrochloric acid, formed small, colourless, rhombic 
plates, decomposing to a dark, frothy mass at 256—258", and reacting 
with nitrous acid with liberation of nitrogen and formation of a 
diazonium salt. It was identified as p-bromophenylcarbamide-o- 
sulphonic acid by analysis (Found: in air-dried material, H,O = 
8-01 ; in material dried at 130°, N=9-67, 9-47. C,H,0,N,BrS,1$H,O 
requires H,O = 8-38. C,H,0,N,BrS requires N = 9-49 per cent.), 
and by comparison with an authentic specimen. The latter, 
obtained by the sulphonation of p-bromophenylcarbamide, consists 
of colourless, rhombic plates, containing 1}H,0 and decomposing 
at 256—260°; its aniline salt forms fine needles, m. p. 183—184°. 
The product obtained from potassium p-bromophenylbiuret-o- 
sulphonate gave an aniline salt, fine needles, m. p. 183—185°, and 
melting at 182—184° when mixed with an authentic specimen. 
This acid and its derivatives will be fully described in a later com- 
munication. 

Potassium Benzoyl-p-bromophexylbiuret-o-sulphonate—Potassium 
p-bromophenylbiuret-o-sulphonate (1 mol.) was dissolved in dilute 
potassium hydroxide solution (4 mols.) and shaken with benzoyl 
chloride (2 mols.). The mixture became warm and a mass of 
needles soon separated. This was filtered off, washed with alcohol 
and ether, and dried in a vacuum to remove benzoyl chloride, and 
recrystallised from water. The benzoyl derivative forms fine, 
colourless needles, decomposing at 192—193° (Found: K == 7-83; 
H,O = 8-80. C,;H,,0,N,BrSK,2}H,O requires K = 7-43; H,O = 
8-59 per cent.). 

When a solution of potassium p-bromophenylbiuret-o-sulphonate 
(1 mol.) in aqueous potassium hydroxide (5 mols.) was shaken with 
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methyl sulphate (5 mols.), the latter soon disappeared and the clear 
solution slowly deposited minute plates, which, after recrystallisation 
from water, decomposed with evolution of gas at 273°. This was 
probably a methylated derivative of the original salt, but the amount 
obtained was insufficient for analysis. 

Action of Aniline on p-Bromophenylbiuret-o-sulphonic Acid —A 
mixture of 3 grams of the acid with 2-5 grams of aniline was heated 
at 160° until a clear liquid was obtained. After cooling, the solid 
mass was extracted with cold ether to remove excess of aniline, and 
then boiled with dilute sodium hydroxide solution. The insoluble 
residue was filtered off and recrystallised from alcohol. It then 
formed colourless needles or thin, rectangular plates, m. p. 207— 
208°, and was identified as s-diphenylbiuret by analysis (Found: 
N = 16-75. Cale., N = 16-47 per cent.) and by comparison with 
an authentic specimen. The latter crystallised from alcohol in 
needles or rectangular plates, m. p. 208-0—208-5°; a mixture of 
the two specimens melted at 207-0—207-5°. 

The alkaline aqueous solution, on evaporation, yielded pink 
plates, which proved to be sodium p-bromoaniline-o-sulphonate 
(Found: Na=8-2l. Cale., Na = 8-39 per cent.). This was 
further confirmed by converting it into the free acid, which gave an 
aniline salt, rhombie plates melting at 212-5—214-0° (to a purple 
liquid) and at 212—213° when mixed with an authentic specimen of 
aniline p-bromoaniline-o-sulphonate. 

The condensation of p-bromoaniline-o-sulphonie acid with 
isocyanic acid, using only one molecule of the latter, gave the same 
biuret derivative, decomp. 210—211°, as when two molecules were 
used. 

p-Chloroaniline-o-sulphonic Acid.—This was prepared by Paal’s 
method (Ber., 1901, 34, 2753). The aniline salt (prepared like the 
corresponding bromo-compound) forms small, colourless, rhombic 
plates, melting at 210° to a brown liquid which soon resolidifies and 
decomposes on further heating. The condensation of this sulphonic 
acid with tsocyanic acid was carried out exactly as for p-bromo- 
aniline-o-sulphonic acid. 

Potassium p-chlorophenylbiuret-o-sulphonate crystallises from 
water in fine, pink needles, which decompose with evolution of gas 
at 185—190° (Found: N = 11-80; K = 10-26; H,O = 9-91, 9-94. 


C,H,O,N,CISK,2H,0 requires N = 11-44; K = 10-63; H,O = 9-81 
per cent.). With nitrous acid, no nitrogen is liberated, and on 
adding alkaline $-naphthol only a light yellow colour is produced. 

p-Chlorophenylbiuret-o-sulphonic Acid.—This acid, prepared like 
the bromo-compound, forms minute, pink prisms, decomposing at 
181—182°. 
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p-lodoaniline-o-sulphonic Acid.—This was obtained by Boyle’s 
method (T., 1909, 95, 1699). Its ammonium salt forms small, 
colourless plates which begin to darken at 220° and melt to a purple 
liquid at 224—226°. The aniline salt crystallises from alcohol in 
colourless, rhombic plates, m. p. 191-5°, to an intense purple liquid. 

Condensation with isoCyanic Acid—Ten grams of the sulphonic 
acid (1 mol.) were dissolved in a solution of 5-5 grams of potassium 
cyanate (2 mols.) in 125 ¢.c. of water; on adding 3-3 c.c. of hydro- 
chloric acid (1 mol.) to the clear solution, a violet precipitate was 
produced. The mixture was then gently warmed on the water- 
bath until the precipitate was just redissolved, and immediately 
cooled. On scratching the sides of the containing vessel, potassium 
p-iodophenylbiuret-o-sulphonate gradually separated in flocculent 
masses of fine, violet needles; it was recrystallised from hot water. 
Care must be taken in this preparation not to heat the reaction 
mixture more than is necessary to dissolve the precipitate, otherwise 
no crystals will separate on cooling, and no crystalline product can 
be obtained by evaporating the solution to dryness. The yield is 
about 2-5 grams. 

Potassium p-iodophenylbiuret-o-sulphonate forms minute, pale 
violet needles, sparingly soluble in cold, and moderately soluble in 
hot water; it sinters at 228° and decomposes with evolution of gas 
at 230—232°. It apparently crystallises with 1H,O, although the 
values obtained were rather high (Found: N = 9-84; H,O = 4°83; 
4-68. C,H,O;N,ISK,H,O requires N = 9-52; H,O = 4-08 per 
cent.). 

p-lodophenylbiuret-o-sulphonic Acid.—This was prepared like the 
corresponding bromo-compound, using 1-5 grams of the potassium 
salt and 20 c.c. of 70 per cent. hydrochloric acid. It forms minute, 
grey prisms, decomposing at 198° to a bulky mass which then 
gradually melts (Found: N= 10°85. C,H,O;N,IS requires 
N = 10-91 per cent.). This acid and its potassium salt give only 
light yellow colorations with nitrous acid and alkaline @-naphthol. 

The aniline salt crystallises from alcohol in small, diamond- 
shaped plates, m. p. 212—213°, with decomposition. 

Attempt to Condense Phenylcyanamide with isoCyanic Acid.— 
Phenyleyanamide was obtained by Hofmann’s method (Ber., 1885, 
18, 3220) as colourless, flaky crystals, m. p. 35-5—36-5°. 

(a) Phenyicyanamide did not dissolve on heating with an aqueous 
solution of potassium cyanate; on adding hot alcohol, a clear 
solution was obtained, from which a slight precipitate soon separated. 
The latter, after recrystallisation from alcohol, formed colourless 
needles, m. p. 181—183°, and was almost certainly triphenyl- 
isomelamine (the polymeride of phenyleyanamide), which forms 
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needles, m. p. 183°. The filtered solution, on cooling, deposited 
phenyleyanamide as an oil. 

(6) A 90 per cent. alcoholic solution of equivalent amounts of 
phenyleyanamide and potassium cyanate was evaporated to dryness 
and the residue extracted with alcohol. After removing the in. 
soluble matter (potassium carbonate), the solution was concentrated 
and allowed to crystallise. Potassium phenyleyanamide separated 
and was identified by conversion into phenyleyanamide (m. p. 
35-0—36-5°). The latter was recovered almost quantitatively. 

(c) Equivalent quantities of phenyleyanamide, potassium 
cyanate, and hydrochloric acid were dissolved together in alcohol. 
After standing over-night, the mixture was warmed on the water. 
bath for thirty minutes, and the potassium chloride filtered off. On 
adding water to the filtrate, phenyleyanamide separated as an oil 
which soon solidified and then melted at 36-0—36-5°. 

Phenylcyanourethane.—8-2 Grams of ethyl chloroformate (1-4 
mols.) were added to a solution of 8-7 grams (1 mol.) of potassium 
phenyleyanamide (Hantzsch and Osswald, Ber., 1899, 32, 650) in 
100 c.c. of absolute alcohol at 25°; heat was evolved and potassium 
chloride precipitated. After warming on the water-bath for 
thirty minutes, the solution was filtered, the alcohol distilled off, 
and the residue dried in a vacuum. The resulting viscous oil was 
dissolved in 100 c.c. of ether, when some unchanged potassium 
phenyleyanamide separated. The filtered ethereal solution was 
dried with anhydrous sodium sulphate, and the ether distilled off. 
The viscid residue, on drying in a vacuum, solidified to a hard waxy 
mass (8-6 grams) of crude phenylcyanourethane, m. p. 30—31°. 
It was purified by dissolving in a little acetone, pouring into a large 
volume of water, and shaking until the precipitated oil solidified; 
after filtering off, it was dried in a vacuum. 

Phenyleyanourethane is a colourless, waxy solid, m. p. 35-0—35-5°, 
b. p. 160—162°/16 mm. (with some decomposition) (Found: 
N = 1481. C,9H,,0,N, requires N = 14-74 per cent.). It is 
extremely soluble in alcohol, acetone, or ether, readily soluble in 
benzene, insoluble in cold, but soluble in hot, light petroleum, and 
insoluble in water. Attempts were made to crystallise it by cooling 

solutions in benzene, light petroleum, alcohol—water, or acetone— 
water in a freezing mixture, but the substance always separated as 
an oil, which slowly solidified. 

Action of Ammonia on Phenylcyanourethane.—Eight grams of the 
urethane were heated in a sealed tube for five hours at 110° with 
70 c.c. of saturated alcoholic ammonia. After distilling off the 
alcohol, and drying the residue in a vacuum, the resulting viscous 
brown mass was dissolved in 50 c.c. of acetone, and the solution 
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poured into 500 c.c. of water. The curdy solid (m. p. 70—85°) 
which separated was dissolved in acetone, water added until a slight 
turbidity was produced, and the acetone allowed to evaporate 
spontaneously. The small needles (m. p. 175—185°) which erys- 
tallised out were again treated in the same way, and then melted 
at 202—208°. This substance (which weighed 0-07 gram) was 
probably very impure as-phenyleyanocarbamide (Found : N = 22-73. 
(,H,ON, requires N = 26-09 per cent.). 

Phenyleyanourethane was unaffected by heating with aqueous 
ammonia or saturating with ammonia in ethereal solution; it was 
completely decomposed by heating in a sealed tube with ammonium 
carbonate. 

Action of Nitrous Acid on as-Phenylbiuret—as-Phenylbiuret 
(McKee, Amer. Chem. J., 1901, 26, 254), dissolved in a large volume 
of water, gave no nitrogen on adding nitrous acid, and the resulting 
solution gave a pale yellow coloration with alkaline ($-naphthol. 
After standing over-night with the nitrous acid, however, a pale red 
colour was produced by the $-naphthol. s-Diphenylearbamide and 
s-acetylphenylcarbamide behaved in the same way, but phenyl- 
carbamide gave nitrogen and a scarlet azo-colour. 
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CCXLVI.—The Interchange of Alcohol Radicles in 
Esters. Part Il. 


By Axrra Suimomura and JuLIus BEREND COHEN. 


THE present investigation, which is a continuation of that previously 
published (this vol., p. 883), was undertaken with the object of 
discovering the cause which determines the interchange of alcohol 
radicles in esters. 

The reaction, which is probably reversible, is entirely inhibited 
in many cases, or, in other words, the alkyl group is too firmly 
attached to the oxygen atom to be removed by the action of even 
a large quantity of a second alcohol or its sodium compound. 

From the summary of results given at the end of the paper, it 
is clear that the alkyl group in the esters is rendered more mobile 
by the proximity of acidic groups. A striking illustration is that 
of the neutral and acid esters of dibasic acids. Ethyl oxalate 
readily reacts with menthol, whereas the presence of one or more 
intervening hydrocarbon groups (CH, or CH), as in ethyl malonate, 
ethyl succinate, and methyl phthalate, prevents the interchange. 
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Interchange is, however, effected if one free carboxyl group ig 
present, for all three acid esters of the above acids react. The 
a-ketonic esters are all reactive; but the 8-ketonic esters react 
only in those cases where a methylene group or a negatively sub. 
stituted methylene group intervenes between the ketone and the 
ester group. When one or both hydrogen atoms of the methylene 
group are replaced by alkyl groups, as in the mono- and di-alky] 
derivatives of acetoacetic ester, the action is again repressed. 

Attention may be directed to the close resemblance between 
the inert character of the ester of the simple aliphatic acids and 
that of aromatic esters, as illustrated by hydroxybenzoic ester. 

It should be pointed out that no deduction of a quantitative 
nature can be drawn from these experiments; for the very different 
volatility of the esters rendered it necessary to submit them to 
varying conditions of temperature and pressure during the reaction. 

The mechanism of the interchange is still obscure and therefore 
we propose to continue the investigation and to examine, among 
other things, the effect of certain alcohols and their substitution 
products on the same ester. 


EXPERIMENTAL. 

1-Menthol and Ethyl Pyruvate-—91 Grams of ethyl pyruvate 
and 12:2 grams of l-menthol with 0°022 gram of sodium were 
heated at 130—140° for eight hours. In the course of heating, 
about 1 c.c. of liquid, chiefly ethyl alcohol, distilled. The product 
was fractionated under reduced pressure; the portion which 
distilled at 132—140°/14 mm. (1°9 grams) consisted chiefly of 
l-menthyl pyruvate (Cohen and Whiteley, T., 1901, 79, 1309; 
b. p. 136—140°/22 mm.; McKenzie, T., 1905, 87, 1380, b. p. 131— 
132°/10 mm.) and showed [«]j> —60°8° (ec = 2°73, 1 = 2) in alcohol. 

By the above treatment, besides the interchange of groups, 
some sort of complex condensation seemed to take place, giving 
rise to a considerable amount of tarry matter (3°6 grams) which 
had a very high boiling point. 

1-Menthol and Ethyl Oxalacetaie—(I) Nine grams of ethyl oxal- 
acetate and 15 grams of l-menthol with 0°022 gram of sodium were 
heated at about 90° under 10—30 mm. pressure for seven hours. 
After the reaction was finished, the excess of menthol and unchanged 
ethyl ester were expelled by distillation under 20 mm. pressure, 
the temperature of the metal-bath being raised to 175°. The 
remaining liquid was subjected to steam distillation in order to 
remove any trace of menthol, extracted with ether, and dried over 
calcium chloride. The ethereal solution showed «, —6°09° in 
alcohol and gave 8'5 grams of a syrupy liquid on evaporation. 
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(II) A similar experiment was carried out, but without sodium. 
5:2 Grams of a syrupy liquid were obtained from 9°6 grams of the 
ethyl ester, and showed [«]}¥ —45°3° (c = 2°68, 1 = 2) in alcohol. 

As the esters of oxalacetic acid easily decompose into carbon 
monoxide and malonic ester at a high temperature (Wislicenus, 
Ber., 1894, 27, 793), the menthyl ester could not be isolated from 
the mixture containing the ethyl ester by the usual method of 
fractional distillation in a vacuum. 

1-Menthol and Ethyl Acetylpyruvate—Ten grams of ethyl acetyl- 
pyruvate and 10 grams of l-menthol were heated at 155—165° 
for three and a half hours, during which time 1°8 grams of ethyl 
alcohol distilled. The product was fractionated under reduced 
pressure, and the portion (63 grams) which distilled at 175— 
190°/16 mm. gave, on refractionation, 3°6 grams of a colourless 
liquid boiling at 185—192°/12 mm. and showing [«]}* —72°3° 
(c = 4°33, 1 = 2) in alcohol. It was found to be the menthyl 
ester of acetylpyruvic acid by analysis (Found: C = 67°02; 
H = 9:29. C,;H,,0, requires C = 67:13; H = 9°02 per cent.). 

A similar result was obtained by heating an equimolecular 
mixture of the ethyl ester and menthol with a little sodium at 90° 
under 10—30 mm. pressure for six hours. 

1-Menthol and Ethyl Mesoxalate—Twelve grams of ethyl mes- 
oxalate and 18 grams of /-menthol with 0°028 gram of sodium were 
heated at 90° under 15—30 mm. pressure for six hours. The 
product was fractionated under diminished pressure; the fraction 
which boiled at 171—200°/13 mm. (4°3 grams) deposited a con- 
siderable quantity of crystals on standing for three weeks. The 
crystalline mass was pressed on a porous plate, washed with water, 
and recrystallised from alcohol. The colourless microprisms thus 
obtained melted towards 63° and showed [«]j; —58°6°. It was 
apparently a mixture of the /-menthyl ester of mesoxalic acid 
and a small quantity of ethyl dihydroxymalonate, judging from 
the result of its analysis [Found: C = 60:2; H = 89. 

CO(CO-0°C 19H j 9). 
requires C = 70:1; H = 9°6, whilst C(OH),(CO-O-C,H;), requires 
C = 43°83; H = 62 per cent.]. From the residue of fractional 
distillation under reduced pressure, a very small quantity of crystals, 
melting at 67—68°, was obtained which seemed to be menthyl 
oxalate formed by partial decomposition. 

]-Menthol and Ethyl Monoacetylmalonaie.—Five grams of ethyl 
monoacetylmalonate and 7°8 grams of /-menthol with 0°015 gram 
of sodium were heated at 90° under 10—30 mm. pressure for six 
hours. The product was distilled up to 103°/14 mm. and the residue 
was subjected to steam distillation to remove all menthol, extracted 
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with ether, and dried over sodium sulphate. The ethereal solution 
gave a syrup after the ether had been removed, which solidified 
slowly to a crystalline mass when rubbed with a glass rod, with 
addition of a little aleohol, and cooled in ice. After recrystallisation 
from alcohol, menthyl monoacetylmalonate was obtained in colour. 
less, long needles (0°8 gram) with m. p. 58° and showing [«]}” —77°5° 
(c = 1:18, 1= 2) in alcohol (Found: C= 71°46; H = 10°32, 
C,;H,.0; requires C = 71:04; H = 10°02 per cent.). 

1-Menthol and Ethyl Diacetylmalonate——Twelve grams of ethyl 
diacetylmalonate and 15:4 grams of l-menthol with 0-034 gram 
of sodium were heated at about 90° under 15—30 mm. pressure 
for five hours. The product was distilled up to 115°/18 mm., and 
the residue was distilled with steam to remove menthol, extracted 
with ether, and dried over sodium sulphate. The oil obtained 
after the ether was driven off was again fractionated under 
diminished pressure. It was found to undergo decomposition at 
a higher temperature, apparently giving off acetic acid and some 
other gas. The portion which distilled at 173—195°/16 mm., 
smelling strongly of acetic acid and acid to litmus paper, showed 
[«]i; about —26° (c = 2°58, 1 = 2) in alcohol. By heating it at 
a higher temperature, menthol also seemed to be split off. 

1-Menthol and Ethyl Acetoxymalonate.—An equimolecular mixture 
of ethyl acetoxymalonate and /-menthol with a little sodium was 
heated at about 90° under 15—30 mm. pressure for six hours. The 
product was distilled up to 120°/12 mm. and the residue was sub- 
jected to steam distillation to remove menthol, during which 
distillation a slight decomposition took place, acetic acid being 
given off. The isolation of the menthyl ester was unsuccessful, 
but the residual oil, after extraction with ether and drying over 
sodium sulphate, showed [«]}? —10°4° (c = 10°2, / = 2) in alcohol. 

1-Menthol and Ethyl Phenoxymalonate-—8°6 Grams of ethyl 
phenoxymalonate and 10°7 grams of /-menthol with 0-029 gram 
of sodium were heated at about 90° under 15—30 mm. pressure 
for seven hours. The reaction product was distilled up to 107°/16 
mm. and the residue was subjected to steam distillation to remove 
every trace of menthol. The oil, thus freed from menthol, solidified 
very slowly and, on repeated recrystallisation from alcohol, the 
menthyl ester was obtained in colourless micro-needles (1°5 grams) 
with m. p. 96°, and [a]i? —55°5° (c = 0°613, 1 = 2) in alcohol 
(Found: C = 73°56; H = 9°32. Cj, ,H,,0; requires C = 73°68; 
H = 9°39 per cent.). 

1-Menthol and Ethyl Methylenemalonate, CH,:C(CO,Et),.—Two 
grams of ethyl methylenemalonate and 4°3 grams of /-menthol 
with a little sodium were heated at 130—150° for seven hours. 
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The product was distilled with steam to remove all menthol, 
extracted with ether, and dried over sodium su’phate. The viscous 
liquid obtained from the ethereal solution showed [a]i? —20°4° 
(c = 1:37, 1 = 2) in alcohol. 

A similar experiment was carried out under reduced pressure 
at 90°, and the product, after all the menthol had been removed 
by steam distillation, gave a levorotatory syrupy liquid. 

The isolation of the pure menthyl ester was not successful in 
either case. 

]-Menthol and Ethyl Ethoxymethylenemalonate, OEt‘-CH:C(CO,Et)». 
—Ten grams of ethyl ethoxymethylenemalonate and 14°5 grams 
of l-menthol with 0-026 gram of sodium were heated at about 90° 
under 10—30 mm. pressure for six and a half hours. The product 
was fractionated under diminished pressure, and the portion which 
distilled at 185—224° (mainly 215—220°/12 mm.) gave, on redis- 
tillation, a colourless, viscous oil (3°9 grams) with b. p. 215— 
221°/10 mm, and [«]i/ —39°6° (c = 2°16, 1 = 2) in alcohol. This 
oil was found to be the l-menthyl ester, containing a little unchanged 
ethyl ester (Found: C = 68:30; H=9°98. C,,H,,O; requires 
C= 71°51; H = 10°16 per cent.). 

1-Menthol and Ethyl Hydroxymethylenemalonate—6'1 Grams of 
ethyl hydroxymethylenemalonate and 10°1 grams of /-menthol 
with 0°021 gram of sodium were heated at 80—90° under 20—30 
mm. pressure for six hours. The product distilled mostly below 
145°/17 mm. The small remaining quantity of oil was distilled 
with steam to remove any menthol and the residue was extracted 
with ether. The dried ethereal solution showed a very small 
rotation of «, —0°28° in alcohol. It is rather doubtful if the inter- 
change of groups had actually taken place in this case, and if so, 
it must have been to a very small extent. 

1-Menthol and Ethyl Hydrogen Malonate-—10°6 Grams of ethyl 
hydrogen malonate and 12°5 grams of /-menthol with 0°026 gram 
of sodium were heated at about 90° under 15—30 mm. pressure 
for five hours. The product was distilled with steam to remove 
menthol and the residue was extracted with ether. The ethereal 
extract gave a small quantity of viscous oil, which was dissolved 
in a dilute solution of sodium carbonate; after the solution had 
been extracted with ether to remove any insoluble matter, the oil 
was reprecipitated by the careful addition of acetic acid. The 
oil thus obtained showed [«]}) —46°8° (c = 1°54, 1 = 2) in alcohol 
and consisted undoubtedly of the menthyl ester formed by inter- 
change of the ethyl group. 

1-Menthol and Methyl Hydrogen Succinate-—Ten grams of methyl 
hydrogen succinate and 11-9 grams of /-menthol with 0°03 gram 
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of sodium were heated at 90—100° under 17—20 mm. pressure 
for five hours. The product was distilled up to 150°/20 mm. and 
the remaining syrupy oil was dissolved in a warm dilute solution 
of sodium carbonate. The solution was extracted with ether to 
remove any impurity, the oil, reprecipitated by careful addition 
of acetic acid, was distilled with steam to remove any trace of 
menthol and the excess of acetic acid. The residue was extracted 
with ether and dried over sodium sulphate. The ethereal extract 
gave a little oil, which, after three weeks’ standing at the ordinary 
temperature, solidified to a crystalline mass. On recrystallisation 
from alcohol, the substance was obtained in colourless prisms, 
m. p. 57—59°, showing [«]j> —61:0° (¢ = 0°50, 1 = 2) in alcohol. 
It was found to be the menthyl hydrogen ester of succinic acid 
by analysis (Found: C = 65°23; H = 9°66. C,,H,,O, requires 
C = 65°58; H = 9°44 per cent.). 

1-Menthol and Ethyl o-Nitrobenzoate-—Ten grams of ethyl] o-nitro- 
benzoate and 8 grams of /-menthol with 0°04 gram of sodium were 
heated at about 90° under 10—30 mm. pressure for five and a 
half hours. A vigorous reaction was observed at the beginning 
of heating. The product was distilled up to 202°/13 mm., and the 
residual dark syrupy mass (3°2 grams) was dissolved in alcohol 
and boiled with animal charcoal for one hour and filtered hot. 
The menthyl ester separated in an oily state at first, but on seeding, 
it solidified at once. When recrystallised from alcohol, it was 
obtained in large, colourless prisms (2°6 grams), m. p. 64—65°, 
showing [«]}? —152°2° (ce = 1:58, 1 = 2) in alcohol. It was found 
to be identical with the menthyl ester formerly obtained by Cohen 
and Armes (T., 1905, 87, 1190) by a direct synthesis. 

1-Menthol and Ethyl m-Nitrobenzoate—Ten grams of ethyl 
m-nitrobenzoate and 8 grams of l-menthol with 0:04 gram of sodium 
were treated in the same way as the ortho-compound. The product 
was fractionated under diminished pressure; the portion which 
distilled at 223—224°/13 mm. gave, on redistillation, a pale 
greenish-yellow, viscous oil (6°4 grams) with a weak fluorescence, 
boiling at 228°/10 mm. and showing [«]}? —77°5° (c = 1°58, 1 = 2) 
in alcohol. It was found to be identical with the menthyl ester 
of m-nitrobenzoic acid obtained directly by Cohen and Armes 
(loc. cit.). 

1-Menthol and Ethyl p-Nitrobenzoate.—Ten grams of ethyl] p-nitro- 
benzoate and 8 grams of /-menthol with 0°04 gram of sodium were 
treated in the same way as its isomerides. The product was dis- 
tilled up to 210°/12 mm. The residue, which solidified on cooling, 
was dissolved in alcohol, boiled with animal charcoal for one and 
a half hours, and filtered hot. On cooling, almost colourless 
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crystals of menthyl p-nitrobenzoate (7°5 grams) were obtained, 
m. p. 63°, [«]j —75-0° (c = 1°58, 1 = 2) in alcohol. The substance 
was identical with that prepared by Cohen and Armes (loc. cit.). 
|-Menthol and Ethyl m-Aminobenzoate——Eight grams of ethy 
m-aminobenzoate and 7°6 grams of /-menthol with 0°032 gram of 
sodium were heated at 90° under 10—30 mm. pressure for five 
hours, and the product was fractionated. The portion which 
distilled above 200°/16 mm. (1°6 grams), when dissolved in alcoholic 
hydrochloric acid, solidified after some time to a colourless, crystal- 
line mass, which, after being pressed on a porous plate, was recrys- 
tallised from alcohol, containing a little hydrogen chloride, and 
was obtained in colourless prisms, melting indefinitely towards 
190°, and showed [«]|* —72°9° (c = 0°288, 1 = 2) in alcohol. It 
was undoubtedly the hydrochloride of menthyl m-aminobenzoate 
(Found: Cl= 12°06. C,,H,,0,N,HCl requires Cl = 11°37 per 
cent.) containing probably a very small quantity of the hydro- 
chloride of the unchanged ethyl ester. 
1-Menthol and Methyl Hydrogen Phthalate-—Ten grams of methyl 
hydrogen phthalate and 8-7 grams of /-menthol with 0°022 gram 
of sodium were heated at about 90° under 15—30 mm. pressure 
for six and a half hours. The dark syrupy product was directly 
distilled with steam to remove menthol. When the contents of 
the flask were evaporated on a water-bath, a solid, consisting of 
fine prisms, separated with some oil which also solidified when 
cooled. The whole, which was evidently a mixture of two 
products, was filtered and the two substances were separated 
mechanically from one another. The crystals with the higher 
m. p. (6°5 grams) were found to be chiefly phthalic acid, which 
was obtained in a pure state [4°8 grams; m. p. 210—211° (decomp.)] 
by recrystallisation from a large bulk of hot water. In order to 
ascertain the origin of this phthalic acid, methyl hydrogen phthalate 
alone was heated with water at 100° for several hours, and was found 
to decompose very readily into phthalic acid and methyl alcohol. 
Although the monomethyl ester was so easily hydrolysed with 
water, the corresponding menthyi ester survived steam distillation, 
and the product with the lower m. p. (2°9 grams) was found to be 
the crude menthyl ester. It was dissolved in a hot dilute solution 
of sodium carbonate, filtered, extracted with ether to remove any 
impurity, and the acid menthyl ester was reprecipitated by careful 
addition of acetic acid. It was obtained in colourless micro- 
needles, m. p. 110° (2°7 grams), showing [«]j, —102°3° (c = 0-988, 
= 2) in benzene; Arth (Ann. Chim. Phys., 1886, [vi], 7, 485) 
found [«]?’ —105°55°, and Cohen, Woodroffe, and Anderson (T., 
1916, 109, 230) found [«]’ —109°32° in the same solvent. 
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1-Menthol and Methyl Terephthalate ; \-Menthol and Methyl A 
Hydrogen Terephthalate——Owing to their high m. p. and their 
insolubility in fused menthol, these methyl esters proved unsuitable A 


for our experiments. 


The Interchange of Alcohol Radicles in Esters. Replacement N 
of an Alkyl Group by the /-Menthyl Group. prev 
Alkyl esters of monobasic Ethyl acetate ...........cccccecececeseeeseeee _ 
aliphatic acid derivatives. om MII ccinaiincnrsadchavesidianabits _ ' 
ss @CYANOPTOPIONAle 6... 6. eseveveeeees —_ ( 
Methyl phenylacetate — ........cccececeeeees “+ cha 
Ethyl phenylacetate  .......cccccccceeceveees + 
Methyl phenylchloroacetate .........000005 +- gen 
»  phenylbromoacetate — ..........0000 -- car 
»,  a-bromo-8-phenylpropionate ...... — ( 
Ethyl trichloroacetate ................s006 ~ inte 
ce) (IED Gis Sv ceacccunebenscacies — ( 
»» @-cyano-8-phenylpropionate ... — ( 
Alkyl ester of unsaturated Ethyl cinnamate ...............:.:cceeeeee — d 
aliphatic acid. ue 
Alkyl esters of a-ketonic Lthyl acetoacetate ........0..cccceeceeeeseees -+- a: 
acids. oo methylacetoacetate ..........ce.0000e + ( 
»  methylethylacetoacetate  ..........+- -- int 
SUTE D . .actiassvsccciinsinnnssacs 4- ( 
| ED, (Sa cag cacctaumarenenscese +3 p-c 
oo MOOS IF TAVAS oii oiss ccs sccsncscces -|- 
—— (RR oa T 
Neutral alkyl esters of di- Ethyl owalate .............cccccceeeeeeeeeeeeeeees + 
basic aliphatic acids. sD ccccietiricicctnseiemoveiens _ 
pu IID wine ncacdscsnsacneisncnsscccscs -—- 
Ethyl monoacetylmalonate —............ + 
»»  diacetylmalonate ................+ “+ CC 
»» monobromoacetate .............+. — 
»  acetoxymalonate ...............066 aL T 
» phenoxymalonate ................+ a 
» mononitromalonate ............... -- 
unsaturated » methylenemalonate ............... + I 
tee — N 
»  ethoxymethylenemalonate ...... + a | 
»  hydroxymethylenemalonate ... ? ine 
Acid alkyl esters of dibasic Ethyl hydrogen malonate ............... + in 
aliphatic acids, Methyl hydrogen succinate —............ + aa 
Alkyl esters of benzoic acid Ethyl benzoate ...........ccceeeeeeeeeeeeeees os ae 
derivatives, PEO COD opin yscsasistccccseisisvecs _ | 
rege REE CED Fo ERE 8 -. Pa 
” p-toluate saseneeneeeeeeecereeseeeeee -- sal 
Ethyl o-nitrobenzoate .........0.....ceeeee + wl 
op «—- PRMMAEFODOMMOREE «once ccciscccecces +- on 
so PPUMETOWOMBOGES 20.000 cccccrccrccceses + 
» O-aminobenzoate  ............ceeeee — all 
» m-aminobenzoate ...........ceeee0+ + ar 
» Pp-aminobenzoate ............seeee. _ 
Methyl salicylate ...........sseeeeveeeeeees _= 
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Alkyl ester of hydrogenated Ethyl cyclohexanecarboxylate ......... - 
benzoic acid. 

Acid and neutral alkylesters Methyl hydrogen phthalate ............ +. 
of _benzenedicarboxylic so «— PRAGMA qn... ..cccceccecccogseeses - 
acids, » hydrogen terephthalate ......... ? 

° 


» terephthalate .............sssceee 
Note.—The names in italics are those of substances referred to in the 
previous paper. 
Summary of the Results. 


(I) The acid nature of an alkyl ester seems to promote the inter- 
change of groups. The introduction of the following groups 
generally helps the reaction: phenyl, acetyl, acetoxy, phenoxy, 
carboxyl, nitro. 

(II) Introduction of halogens does not materially influence the 
interchange. 

(III) In some cases, a double bond assists the reaction. 

(IV) Most of the esters of «-ketonic acids undergo interchange, 
due, undoubtedly, to the presence of the carbonyl group in the 
a-position to the carboxyl group. 

(V) Introduction of the hydroxyl group is not favourable to the 
interchange. 

(VI) In the case of esters of benzoic acid derivatives, o- and 
p-compounds behave similarly, but differ from the m-compound. 
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CCX LVII.—Studies in the Anthracene Series. Part ITI. 


By EpwarpD DE Barry BaRNetTT, JAMES WILFRED CooK, and 
Herbert HENRY GRAINGER. 


In a former communication (T., 1921, 119, 901), it was shown that 
a pyridinium salt is formed when anthracene, suspended in pyrid- 
ine, is treated with bromine, the reaction in this case consisting 
in the addition of bromine to the meso-carbon atoms and simul- 
taneous formation of the quaternary salt. It was considered 
desirable to extend the study of this type of reaction, and in 
Part IT of this series (this vol., p. 1376) it was shown that pyridinium 
salts can be obtained from certain hydroxyanthraquinones, in 
which the hydroxyl groups are in the ortho- or para-position to 
one another, by the simultaneous action of bromine and pyridine, 
although in the compounds thus obtained the pyridinium groups 
are, of course, attached to the benzene rings. 

The present communication describes experiments undertaken in 
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order to study the influence of substituents attached to the meso. 
carbon atoms on the formation of pyridinium salts by bromination 
in the presence of pyridine. 

The action of bromine on 9: 10-dibromoanthracene has been 
studied by several investigators (Graebe and Liebermann, Annalen, 
1870, Suppl. VII, 304; Kaufler and Imhoff, Ber., 1904, 37, 4706: 
Kurt Meyer and Zahn, Annalen, 1913, 396, 166). Graebe and Lieber. 
mann found that, although more highly brominated compounds 
could not be obtained from 9 : 10-dibromoanthracene by the action 
of bromine in carbon disulphide solution, a dibromoanthracene 
tetrabromide was easily obtained by exposing 9 : 10-dibromoanthra- 
cene to bromine vapour at the ordinary temperature without the 
use of a solvent. The tetrabromide thus obtained loses hydrogen 
bromide very readily when heated and passes into 2:9: 10-tri- 
bromoanthracene. It has recently been reinvestigated by Battegay 
and Claudin (Bull. Soc. chim., 1921, [iv], 29, 1022) and Grand- 
mougin (Compt. rend., 1921, 173, 1176), who have proved it to 
be 1:2:3:4:9:10-hexabromo-| : 2 : 3 : 4-tetrahydroanthracene. 
Kurt Meyer and Zahn, on the other hand, treated 9 : 10-dibromo- 
anthracene with bromine in the presence of a little chloroform and 
obtained a dibromoanthracene tetrabromide which differed widely 
in its physical properties from the compound obtained by Licber- 
mann and Graebe, but which, on heating, also gave 2:9: 10- 
tribromoanthracene. They attribute the difference to geometrical 
isomerism and have obtained similar isomerides by brominating 
9 : 10-dichloroanthracene. The marked difference in the behaviour 
of dibromoanthracene towards bromine without a solvent or in the 
presence of chloroform or carbon disulphide rendered an investiga- 
tion of its behaviour towards bromine in pyridine solution a matter 
of considerable interest. Repeated experiments have been made, 
but in every case negative results have been obtained, the whole 
of the original material being recovered unchanged. Similar 
negative results were also obtained when 9 : 10-dichloroanthracene 
was submitted to the simultaneous action of bromine and pyridine. 

At this point it may be mentioned that the dibromoanthracene 
tetrabromide of Graebe and Liebermann, when treated with pyridine, 
forms a small amount of a pyridinium salt, although the main re- 
action consists in the removal of hydrogen bromide and the forma- 
tion of tribromoanthracene. This reaction is being further 
examined in connexion with a series of experiments which are being 
carried out in these laboratories on the action of pyridine and other 
organic bases on the haloids of aromatic hydrocarbons, and there- 

fore it is thought best to reserve further discussion on the nature 
of the product for a future communication. 
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When 9: 9:10: 10-tetrachloro-9 : 10-dihydroanthracene (anthra- 
quinone tetrachloride) is warmed with pyridine, a deep red substance 
is formed (compare D.R.-P. 283,106), but owing to its refusal to 
crystallise it has not been found possible to obtain the substance 
in the pure condition. The deep red colour, however, suggests that 
opening of the pyridine ring has taken place with the formation of 
an anil of glutaconaldehyde (compare Zincke, Annalen, 1904, 330, 
361; 333, 296; 1905, 338, 107; 341, 365; Zincke and Krollpfeif- 
fer, ibid., 1914, 408, 285; Zincke and Weisspfenning, J. pr. Chem., 
1910, [ii], 82, 1; 1912, [ii], 85, 207; Barnett and Cook, T., 1921, 
119, 908). 

When 9-nitroanthracene is submitted to the combined action of 
bromine and pyridine, it is readily converted into 9-nitroanthrany]- 
10-pyridinium bromide, and salts of the same base are obtained by 
nitrating anthranyl-9-pyridinium nitrate. The production of a 
pyridinium salt is probably due to the intermediate formation of a 
dibromide and subsequent simultaneous pyridinium salt formation 
and loss of hydrogen bromide : 


C-NO, BrC-NO, C-NO, 
CgHy<>CoHy —> CoHy<>CyHy —> CyHy<'>C,H, 
CH HCBr C(C;H;NBr) 


and this view of the mechanism of the reaction receives support 
from the fact that the action of pyridine on 9-chloro(or bromo)- 
10-nitro-9 : 10-dihydroanthracene consists solely in the removal of 
halogen acid, no trace of a pyridinium salt being produced. 
Pyridine appears to have a very considerable tendency to convert 
dihydroanthracene derivatives into anthracene derivatives, as even 
in the cold it at once removes nitrous acid from 9 : 9: 10-trinitro- 
9: 10-dihydroanthracene and converts it almost quantitatively into 
9: 10-dinitroanthracene. In fact, pyridine is a more convenient 
reagent to use for this purpose than the dilute sodium hydroxide 
recommended by Meisenheimer and Connerade (Annalen, 1904, 


330, 167). 


NO,-C/NO, C-NO, 
CsH,<>C,H, —> C,H,<i>C,H, 
HG-NO, C-NO, 


In view of these reactions, it is rather surprising that anthracene 
dibromide reacts with pyridine to form 9: 10-dihydroanthra- 
quinyl-9 : 10-dipyridinium dibromide and not anthranylpyridinium 
bromide (Barnett and Cook, loc. cit.). 

If 9-nitroanthracene is brominated in carbon tetrachloride solu- 
tion, a different reaction takes place and, bromination is accom- 
panied by the simultaneous displacement of the nitro-group, 
9: 10-dibromoanthracene being obtained. 
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9 : 10-Dinitroanthracene does not react with bromine either jn 
pyridine solution or in the presence of carbon tetrachloride. 

9-Bromoanthrone reacts easily with pyridine to form a pyridinium 
salt, and this may have either the enolic structure (I) or the ketonic 
structure (II) : 


C-OH co 
(L) C.H,<|>C,H, —> C,H,<>C,H, (IL.) 
U(C;H,NBr) HC(C;H,NBr) 


Kurt Meyer and Sander (Annalen, 1913, 396, 140) have shown that 
nearly all anthrone derivatives are almost completely enolised 
in pyridine solution, so that the former structure is the more 
probable. It is true that the compound is not fluorescent, but 
in this case the absence of fluorescence cannot be used as an argu- 
ment for the absence of the “ bridge ’”’ bond, as it has been shown 
in Part I of this series that the pyridinium group has a powerful 
influence in hindering fluorescence. It is doubtful whether this 
influence is due to the quinquevalent nitrogen atom or to the 
pyridine ring system, and in the hope of elucidating this point 
experiments were initiated with a view to prepare other quaternary 
salts derived from anthrone. These have failed to accomplish their 
object, as it has been found that, with the exception of pyridine, 
tertiary amines do not react with bromoanthrone to form quatern- 
ary salts. Thus, if a chloroform solution of bromoanthrone is treated 
with triethylamine, tripropylamine, tri-isobutylamine, triamylamine, 
a-picoline, or quinoline, a reaction takes place at once, but a 
quaternary salt is not formed, the product being bromodianthrone 
({1I1). In this respect, the tertiary amines resemble ammonia, as 
Kurt Meyer and Sander (loc. cit.) obtained bromodianthrone by 
treating bromoanthrone in benzene solution with ammonia, and the 
same reaction takes place when chloroform is substituted for benz- 
ene as a solvent. It is remarkable that whereas pyridine gives 
the quaternary salt, such a salt cannot be obtained from either 
a-picoline or quinoline. Tribenzylamine does not react with 
bromoanthrone at the ordinary temperature. 


CO CO Co 
CoH,<>C, Hy CoH,<>C,H, C,H,<>C,H, 
‘Br CH C 
H CH C 
CoH,<>C, Hy CysHy<>C,H, C.H,<>C,H, 
CO CO CO 
(III.) (IV.) (V.) 


Diethylamine resembles the tertiary amines in so far that it 
causes the loss of hydrogen bromide from two molecules of bromo- 
anthrone. ‘The product in this case, however, is not bromo- 
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dianthrone but dianthraquinone (V), two molecules of hydrogen 
bromide having been lost. These must be lost simultaneously, as 
dianthraquinone is not formed from bromodianthrone and diethy]l- 
amine under the experimental conditions employed (cold chloroform 
solution), although, on prolonged heating, almost any amine will 
convert bromodianthrone into dianthraquinone, tertiary amines 
having, apparently, no tendency to form quaternary salts. Even 
pyridine fails to form a quaternary salt with bromodianthrone. The 
behaviour of diethylamine is exceptional and may be due to the 
fact that it is much more strongly basic than most aliphatic amines 
(Bredig, Z. physikal. Chem., 1894, 13, 294; Moore and Winmill, 
T., 1912, 101, 1651). 

Other secondary amines, dimethylamine, methylaniline, benzyl- 
aniline, and piperidine, bring about a different type of reaction, 
bromine being split off as such and dianthrone (LV) formed. Methyl- 
amine and dimethylaniline also behave in this manner. The bromine 
liberated oxidises part of the bromoanthrone to anthraquinone, and 
this is always found among the reaction products. That the form- 
ation of dianthrone is actually due to the liberation of bromine is 
easily demonstrated by carrying out the reaction in the presence of 
an iodide, as iodine is then liberated and can be recognised by any 
of the usual tests. The experiment is particularly striking when 
dimethylaniline is employed. 

Numerous descriptions of the preparation of dichloroanthracene 
by the chlorination of anthracene are to be found in the literature 
(Perkin, Bull. Soc. chim., 1877, [ii], 27, 464; Graebe and Lieber- 
mann, Annalen, 1870, Suppl. VII, 257; Ber., 1868, 1, 186; 
Schwarzer, ibid., 1877, 10, 376; Hammerschlag, ibid., 1886, 19, 
1106; Kurt Meyer and Zahn, loc. cit.; D.R.-P. 283106; 284790), 
but none of them is well adapted to the preparation of the pure 
substance owing to the simultaneous formation of more highly 
chlorinated products. In the patent literature (D.R.-P. 289133), 
it is claimed that dichloroanthracene is formed when anthracene is 
treated with a very large excess of sulphuryl chloride, but the 
experimental details given are very scanty and on attempting to 
carry out the experiment by this means a dark-coloured product, 
which was very difficult to purify, was invariably obtained. By 
using much less sulphuryl chloride than that recommended in the 
patent and by employing carbon tetrachloride as a diluent, a method 
was finally worked out which gave a very pure product in good 
yield. Chlorination under these conditions seems to be preceded 
by the formation of an additive compound, as during the reaction, 
which is carried out at the ordinary temperature, the anthracene 
first dissolves to form a clear solution, and then the dichloroanthra- 
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cene crystallises out. In view of the fact that another investigator 
(Silberrad, T., 1921, 119, 2029%\ this vol., p. 1015) is at present 
engaged in a systematic examination of the chlorination of the 
aromatic hydrocarbons by means of sulphuryl chloride, the 
mechanism of the reaction has not been further studied. In the 
case of anthracene, however, no catalyst is necessary, although 
the reaction is somewhat accelerated by the addition of a little 
sulphur chloride. 


EXPERIMENTAL. 


9-Nitroanthracene.—Anthracene, suspended in glacial acetic 
acid, was treated with the calculated amount of nitric acid accord. 
ing to the directions given by Dimroth (Ber., 1901, 34, 221) and 
Meisenheimer and Connerade (Annalen, 1904, 330, 133). The 
solution was then treated with fuming hydrochloric (or hydro. 
bromic) acid, and the precipitated chloro(or bromo)-nitrodihydro. 
anthracene collected, washed, dried, and suspended in pyridine. 
The product consisted of 9-nitroanthracene and no pyridinium salt 
could be detected. 

9-Nitroanthranyl-10-pyridinium Bromide.—(a) 9-Nitroanthracene 
(10 grams) was made into a thin cream with pyridine, and 7-5 e.c. 
of bromine were slowly added, the whole being well stirred and 
cooled in a freezing mixture. After keeping for two days at the 
ordinary temperature, the precipitate was collected with the aid 
of the pump, washed with pyridine and ether, and finally recrystal- 
lised first from water and then from absolute alcohol (Found: 
Br = 19-3. Cj, 9H,,0,N.Br,2H,O requires Br = 19-2 per cent.). 
(6) Anthranylpyridinium bromide (25 grams) was dissolved in boil- 
ing water, and the hot solution treated with a solution of 12 grams of 
silver nitrate.* The silver bromide was removed and the filtrate 
evaporated to dryness on the water-bath. The crude nitrate thus 
obtained was recrystallised from a mixture of alcohol and ether and 
then formed pale yellow plates which commenced to decompose at 
about 190° and finally melted at 221-—222° (yield 20 grams) (Found : 
N = 8-96. Cy 9H,,0,N, requires N = 8-81 per cent.). The nitra- 
tion ;was effected by adding 15 grams of the above nitrate slowly 
to 25 c.c. of concentrated sulphuric acid. After keeping at the 
ordinary temperature for three hours, the solution was poured on 
crushed ice, and the precipitate washed and recrystallised from 
hot water (Found : 8 = 7-75. C,9H,,0,N.8,H,O requires S = 7-69 
per cent.). 9-Nitroanthranyl-10-pyridinium hydrogen sulphate forms 
a yellow, crystalline powder which does not melt below 300°. It 
is rather sparingly soluble in water or alcohol. The cold aqueous 


* If lead nitrate is used, a double salt with lead bromide is obtained. 
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solution at once gives a dark red precipitate when treated with 
dilute sodium hydroxide solution ; in this respect the nitroanthranyl- 
pyridinium salts differ from the un-nitrated substances. When 
treated with aniline, a red solution is formed in the cold and the 
colour deepens on warming, but it was not found possible to isolate 
any pure substance. The dichromate, obtained by treating an 
aqueous solution of the sulphate with potassium dichromate, 
crystallises from boiling water in glistening, orange leaflets which 
fall to a yellow powder when dried [Found: Cr = 12-2. 
(C,gHj302N.)sCr,0,,2H,O requires Cr= 12-17 per cent.]. The 
chloride was obtained by treating the hydrogen sulphate with barium 
chloride and hydrochloric acid. It crystallised from water in 
golden-yellow leaflets. For analysis, a sample was recrystallised 
from alcohol (Found: Cl = 9-55. OC, gH,,0,N,Cl,2H,O requires 
Cl = 9-54 per cent.). The nitrate was obtained from the hydrogen 
sulphate by means of barium nitrate. It crystallised from hot 
water in golden-yellow plates which fell to a yellow powder on 
drying (Found: N=11-:18; H,O0 = 2-59. C,.H,,;0;N3,3H,O 
requires N = 11:29; H,O = 2-59 per cent.). The picrate was 
obtained as a yellow precipitate when an aqueous solution of the 
hydrogen sulphate or bromide was treated with picric acid. It was 
recrystallised from boiling water, in which it is very sparingly 
soluble, and then formed yellow needles which melted at 261—263° 
(Found : N = 13-3. C,;H,,;O,N,; requires N = 13-2 per cent.). 
Dibromoanthracene.—9-Nitroanthracene (4-4 grams) was boiled 
under reflux for three hours with bromine (3-2 grams) and carbon 
tetrachloride (20 c.c.). Nitrogen peroxide was evolved. The 
product was recrystallised three times from glacial acetic acid and 
was then found to contain bromine, but no nitrogen. It melted 
at 218°, and the melting point was not changed by mixing it with 
pure dibromoanthracene. 
Dinitroanthracene.—Trinitrodihydroanthracene was prepared by 
passing nitrogen peroxide into a chloroform solution of 9-nitro- 
anthracene (Meisenheimer and Connerade, loc. cit.). When this was 
treated with about four parts of cold pyridine, it was aimost at 
once converted into 9 : 10-dinitroanthracene, and this was found to 
be the most: convenient method of obtaining the dinitro-compound. 
Dinitroanthracene remained unattacked when boiled with bromine 
in carbon tetrachloride solution. It was also unaffected by treatment 
with bromine in cold pyridine solution. 
9-Hydroxyanthranyl-10-pyridinium Bromide (1) or Anthronyl- 
pyridinium Bromide (I1).—(a) To a solution of bromoanthrone 
(8.5 grams) in 150 c.c. of chloroform cooled in ice, pyridine (3 c.c.) 
was added and the whole kept at 0° for two hours. The precipi- 
VOL, CXXI. 4B 


2066 BARNETT, COOK, AND GRAINGER : 


tate was collected, washed with chloroform, and recrystallised from 
boiling water. 

(b) The following method is more convenient for preparing the 
above bromide. Bromoanthrone (10 grams) is heated on the water 
bath for fifteen minutes with pyridine (80 c.c.). After cooling, the 
precipitate is collected, washed with pyridine and ether, and 
recrystallised from dilute hydrobromic acid. For analysis, a 
sample was recrystallised three times from alcohol and ether; 
it then formed pale yellow needles which melted with profound 
decomposition at 185—188° (Found: C= 63:5; H = 5-55; 
N=3-77; Br = 22-5. CygH,,ONBr,}H,O requires C = 63:2; 
H = 4:16; N = 3-88; Br = 22-2 per cent.). 

This bromide is easily soluble in hot water or alcohol, but is 
sparingly soluble in the cold. On prolonged boiling with water, 
it is converted into anthraquinone, but hydrolysis takes place 
rapidly when the cold solution is treated with sodium nitrite 
or sodium acetate. The product thus obtained probably contains 
nitroanthrone, but owing to the presence of impurities it was not 
found possible to obtain it in a state of purity. Aqueous solutions 
of the bromide give deep red colorations with ammonia and sodium 
hydroxide. This is almost certainly due to the opening of the 
pyridine ring, but owing to the uninviting physical properties of the 
substance formed, it was not further investigated. Highly coloured 
products are also obtained by heating the substance with aniline. 
The nitrate was obtained by treating a boiling solution of the 
bromide with one equivalent of silver nitrate. After the silver 
bromide had been removed, the filtrate was cooled, when the 
nitrate crystallised out; it was purified by recrystallisation from 
alcohol containing a little ether. It is much less soluble than the 
bromide (Found: N = 8:23. Cy, .H,,0,N, requires N = 8°38 
per cent.). 


Action of Ammonia and Amines on Bromoanthrone. 


To save space it will be best to state the standard conditions 
used and merely to note under the individual amines when it was 
found necessary to modify these. Bromoanthrone (5 grams) was 
dissolved in chloroform (50 c.c.), and the cold solution treated with 
the amine (2 to 5c.c.). After keeping at the ordinary temperature 
for two hours, the solution was diluted with about twice its volume 
of ether and the precipitate collected and washed with dilute hydro- 
bromic acid. ‘The final purification of the product was effected by 
recrystallisation from xylene or from a mixture of chloroform and 
light petroleum or from both these solvents. 

The products of the reactions were tested for bromine and nitro- 
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gen and were identified by the method of mixed melting points and 
by their colour reactions with concentrated sulphuric acid, with 
and without the addition of a drop of nitric acid. Thus anthrone, 
bromoanthrone, and dianthrone all give yellow solutions in concen- 
trated sulphuric acid which are turned red by the addition of a 
drop of nitric acid. Bromodianthrone gives a bluish-green solution 
in concentrated sulphuric acid, the colour changing to red on the 
addition of nitric acid. Dianthraquinone gives a bordeaux-red 
solution in concentrated sulphuric acid and the colour is not 
changed by the addition of a drop of nitric acid. Dianthraquinone 
is also easily recognised by its giving a green solution in boiling 
xylene, the colour gradually fading to yellow as the solution cools, 
and by the fact that the crystals turn green when pressed. In 
addition to the above colour reactions, the behaviour of bromodi- 
anthrone with pyridine is characteristic. The solution in the cold 
solvent is almost colourless, but on heating becomes first violet, 
then blue, and finally green. On cooling the green solution, the 
colour fades to yellow and crystals of dianthraquinone are deposited. 
Dianthrone is very easily characterised by the fact that it crystallises 
unchanged from boiling concentrated nitric acid; in fact, recrys- 
tallisation from this solvent is the best method of obtaining small 
amounts of the pure substance, although the sparing solubility 
renders the method unsuitable to the treatment of larger quanti- 
ties. When purified by this method, dianthrone is quite colourless 
and not yellow, as usually obtained from other solvents. 

Ammonia.—Dry ammonia gas was used and ammonium bromide 
commenced separating almost at once. The product was bromo- 
dianthrone. More satisfactory results are obtained by this method 
than by using benzene as a solvent (Kurt Meyer and Sander, loc. 
cit.). 

Methylamine. Dimethylamine.—Potassium hydroxide was added 
to an aqueous solution of the base, and the solution then warmed. 
The gas evolved was dried by means of soda-lime and solid potassium 
hydroxide. In both cases the product consjsted of dianthrone. 

Diethylamine.—The product was dianthraquinone. 

Triethylamine. Tripropylamine. Triamylamine.—The products 
were bromodianthrone. 

Triisobutylamine.—No reaction took place under standard ccn- 
ditions, and the reaction was only complete aftcr boiling for five 
hours. The product was bromodianthrone. 

Piperidine.—The reaction was rapid and was complete after thirty 
minutes. The product was dianthrone. 

Methylaniline. Dimethylaniline—In both cases, the products 


were dianthrone. 
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Benzylaniline.—The reaction was very slow. After three days, 
some dianthrone was obtained. 

Tribenzylamine.—No reaction was observed under standard con. 
ditions, and the reaction was very slow even on prolonged boiling, 

a-Picoline.—The reaction was allowed to proceed at the ordinary 
temperature over-night. On adding ether, a pasty precipitate was 
obtained which became solid when warmed with dilute hydrobromic 
acid. On recrystallising, pure bromodianthrone was obtained. 

Quinoline.—The reaction was allowed to proceed at the ordinary 
temperature over-night. On adding ether, a sandy, brown precipi. 
tate was obtained. This was washed with alcohol and recrystallised 
from xylene, when pure bromodianthrone was obtained. 


Preparation of 9 : 10-Dichloroanthracene. 


Technical refined anthracene (about 95 per cent.; 90 grams) was 
suspended in 650 c.c. of carbon tetrachloride, and 135 c.c. of sul- 
phuryl chloride were added. The flask was then closed by means of 
a calcium-chloride tube and the whole kept at the ordinary tempera- 
ture. After a few minutes, evolution of gas commenced and the 
anthracene slowly passed into solution, the whole dissolving in 
about four hours. The clear orange-yellow solution thus obtained 
was kept for a further period of twenty-four hours, when a further 
evolution of gas took place and dichloroanthracene crystallised out. 
After cooling in ice, the precipitate was collected, washed with 
carbon tetrachloride, and finally recrystallised from the same 
solvent. The product melted sharply at 209°. The yield was 
almost theoretical. 

Summary. 

(i) Bromine in pyridine solution does not react with 9: 10- 
dichloroanthracene, 9:10-dibromoanthracene or 9: 10-dinitro- 
anthracene. 

(ii) A pyridinium salt is obtained when 9-nitroanthracene is 
treated with bromine in the presence of pyridine, and salts of the 
same base are obtained by nitrating anthranylpyridinium nitrate. 

(iii) 9-Nitroanthracene, when brominated in carbon tetrachloride 
solution, gives 9 : 10-dibromoanthracene, owing to the displacement 
of the nitro-group. 

(iv) Pyridine converts chloronitrodihydroanthracene into 9- 
nitroanthracene, and _ trinitrodihydroanthracene into dinitro- 
anthracene. 

(v) The action of amines on bromoanthrone has been studied and 
it has been found that bromodianthrone, dianthrone, or dianthra- 
quinone is formed, the product obtained depending on the amine 
used. 
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(vi) A simple method of preparing pure 9 : 10-dichloroanthracene 
in almost theoretical yield from anthracene and sulphuryl chloride 
has been worked out. 


In conclusion, the authors desire to express their thanks to the 
South Metropolitan Gas Co. for the supply of anthracene and 
pyridine, to British Dyestuffs Corporation, Ltd., for a gift of 
dimethylamine, and to the Research Fund Committee of the Chemical 
Society for a grant which has partly defrayed the expenses of this 


research. 
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(CXLVIII.—Inorganic Complex Salts. Crystallo- 
graphic and Optical Study. Part I. 


By IsaBeL ELLiz Knaaas. 


Tue crystals of the inorganic complex salts now to be described 
were prepared in the Cambridge University Chemical Laboratory 
by Mr. W. Thomas, who will shortly communicate an account of 
their preparation. 

The crystals were extremely difficult to obtain and were for the 
most part very small and poorly developed. Their crystallographic 
and optical determination has for this reason proved a difficult 
task. 

The following salts have been investigated : (1) Potassium ferri- 
oxalate + 3H,0; (2) potassium aluminium oxalate + 3H,0; 
(3) ammonium cis - diamminodinitro - oxalatocobaltiate + H,O; 
(4) ammonium trans - diamminodinitro - oxalatocobaltiate + H,O; 
(5) potassium __cis - diamminodinitro - oxalatocobaltiate + H,0; 
(6) potassium trans - diamminodinitro - oxalatocobaltiate +~- H,O; 
(7) barium cis - diamminodinitro - oxalatocobaltiate +- 3H,0; 
(8) ammonium diamminotetranitrocobaltiate. 

So far only racemic compounds have been examined, all attempts 
to crystallise the optically active components having failed, owing 
to racemisation taking place during crystallisation. 

The compounds (1) and (2) crystallise in the holohedral class of 
the monoclinic system and are isomorphous with each other. The 
cis-compounds, (3), (5), and (7), were found to show w close iso- 
morphism and to belong to the ditrigonal-scalenohedral class of 
the rhombohedral system. The trans-compounds, (4) and (6), 
although they show close resemblances in the values of their crystal 
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angles and crystallise with the same symmetry, the full symmetry 
of the monoclinic system, are not truly isomorphous, as will be 
shown later. The compound (8) crystallises in the orthorhombic 
system with holohedral symmetry. 

It is surprising to find that the cis-ammonium and cis-potassium 
compounds, (3) and (5), are isomorphous with the cis-barium com. 
pound (7), the former being salts of a univalent metal or radicle and 
the latter of a bivalent metal and therefore possessing a great differ. 
ence in molecular weight and structure. Moreover, the compounds 
erystallise with a different number of molecules of water, the 
barium compound with three and the ammonium and potassium 
with one only. 


Potassium Ferri-oxalate, [Fe(C,04),]K5,3H,O (Figs. 1 and 2). 


A complete crystallographic examination of this substance has 
been made by Jaeger (Rec. trav. chim., 1919, 38, 242) and others. 
The results given below agree sufficiently well with those of Jaeger. 
He gives the symmetry as monoclinic holohedral, the axial angle 
8 = 94° 20’, and the axial ratio a:b: ¢ = 0-9923 :1:0-3925. The 
forms observed by him are the same as those given below. The 
measurements are recorded now for the sake of comparison with 
the isomorphous aluminium salt. A detailed determination of the 
optical characters has not previously been made. 

Crystal system: monoclinic. Class: holohedral. Axial angle: 
6 = 94°13)’. Axial ratio: a:b:c = 0-9916: 1 : 0-3895. 

Forms observed: B = {010}, well developed, elongated parallel 
to the zone [010, 111]; m = {110!, small bright faces; o = {111}, 
small bright faces; e = {111}, large faces, striated and elongated 
parallel to the axis of the zone [010, 111]; s = {101!, when present, 
much striated and elongated parallel to the zone [010, 111]. 

Angles measured : 


No. of 

measure- Mean. 

ments. Limits. Obs. Cale. 
Bm = (010) : (110) 21 5° 8’ —45° 28)’ 45° 19’ * 
Bo = (010): (111) 19 70 25 —70 46 70 34 * 
Be = (010): (111) 8 69 29} —69 46 69 39 69° 38)’ 
mo = (110): (111) 19 58 381—58 57 58 484 . 
oe = (111): (i111) 19 57 37}—58 58 57 453 57 48} 


Habit: the crystals are transparent, green in colour, and well 
developed. They can easily be obtained fairly large or small as 
desired. A common habit of the crystals is that of thin plates 
parallel to B = {010}. More usually, the habit is that shown in 
Fig. 1. 

It might appear, at first sight, that a more natural mode of 
treatment would be to regard the faces of the forms {111} and 
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[01} as prisms of the form {210} and pinacoids of the form {100}, 
respectively. The treatment adopted brings out, however, the 
strong pseudotetragonal symmetry’ which the crystals evidently 
possess, and also shows the marked similarity which exists between 
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their angles and those of the crystals of the isomorphous aluminium 


compound. Fig. 2 shows a crystal drawn in the conventional 


position with the c-axis vertical. 
Cleavage : none observed. A distinct parting parallel to {111} 


was observed. 
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Density: determined by suspension in liquid, d? = 2-133 
(corrected). 

Topic axes: x: W:w = 8-354 : 8-424 : 3-199. 

Optical characters ; refractive indices, measured by total reflection 
from B= (010), « = 1-5019, 8 = 1-5558,-y = 1-5960 for sodium 
light. The double refraction is therefore strong and the sign 
negative. The plane of the optic axes is B, and the acute bisectrix 
is inclined to the vertical axis, c, at an angle of about 2° in the 
obtuse axial angle. The optic axial angles in a liquid of refractive 
index about that of 8 were determined for lithium, sodium, and 
thallium lights and found to be as follows: Li, 79° 36’; Na, 
78° 493)’; TI, 77°53)’. The dispersion shows p>v. Marked 
inclined dispersion of the bisectrices was also observed. 

The pleochroism is fairly strong, the colour changing from dark 
green to very pale green. On looking through a crystal perpen. 
dicular to B = (010), maximum absorption of light for vibrations 
perpendicular to the acute bisectrix and minimum absorption for 
vibrations parallel to that bisectrix were found. 


Potassium Aluminium-oxalate, [Al(C,04),]K, + 3H,O (Fig. 3). 


Crystal system: monoclinic. Class: holohedral. Axial angle: 
8 = 93° 23’. Axial ratio: a:b:¢ = 1-0061 : 1 : 0-3963. 
Forms observed: B = {010}, present occasionally and then as 


very narrow faces; m = {110}, and p = {230}, well developed but 
much striated; o = {111}, and e = {111}, small, fairly good faces; 
s = {101}, small, narrow faces. 
Angles measured : 

No. of 

measure- Mean. 

ments. Limits. Obs. Cale. 
mm = (110) : (110) 3 89° 403’—89° 50’ ~— 89° 46’ * 
mp = (110) : (230) 6 1l 1 —1114 ll 7 11° 18’ 
oo = (111): (111) 5 39 29139 51 39 37 39 42 
es = (111): (101) 7 20 174 —20 55 20 354 * 
mo = (110): (111) 8 58 444—59 17 59 OF 59 1 
oe = (111): (III) 4 58 6 —58 31 58 19 58 20 
em = (111): (110) 5 62 40 —63 0} 62 50 . 


Habit: the crystals were fairly large but poorly developed. 
They were colourless and more or less transparent. Their develop- 
ment was prismatic with either end terminated by four small 
pyramidal faces and one small dome. 

Cleavage : none observed, but a well-marked although rough 
parting parallel to {101} was observed. 

Density: determined by suspension in liquid, d}” = 2-026 
(corrected). 

Topic axes: x: ~:w = 8-300 : 8-442 : 3-273. 
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Optical characters: refractive indices as found by the immer- 
sion method, « = 1-49, y = 1-50. The double refraction is weak 
and the sign positive. 

The plane of the optic axes is B, and the acute bisectrix is inclined 
to the a axis at an angle of about 11° in the obtuse axial angle. 
The optic axial angles in benzene (u = 1-50) were determined for 
lithium, sodium, and thallium lights and found to be as follows: 
Li, 70° 44’; Na, 71° 12’; Tl, 71° 35}’. The dispersion is apparently 
v>p. Marked inclined dispersion of the bisectrices was also 
observed. 

Ammonium Diamminodinitro-oxalatocobaltiate, 
[Co(NH,).(NO,),C,0,|NH, + H,0. 

Two isomeric forms of this composition occur, one crystallising 
in the rhombohedral system and one in the monoclinic. They 
correspond with the following structural formule :— 


co — 


MH» - “ 


Nt 


0 
Jes J) * | NH, + H,O NH NO: TMH + HO 


NOz 
No, ] q _ J eee | 


trans-Form. 


cis-Form. 


Ammonium  cis-Diamminodinitro - oxalatocobaltiate + 1H,0.— 


Crystal system: rhombohedral. Class: ditrigonal scalenohedral. 


Millerian axial angle: « = 107° 57’. Angle over the edges of the 


primary rhombohedron, 63° 33’. 
Forms observed: r = {100}, well developed; n = {101}, small, 
narrow faces; 1 = {111}, small, square faces. 
Angles measured : 
No. of 


measure- Mean. 

ments. Limits. Obs. Cale. 
rl = (100) : (111) 6 85° 353’—85° 55’ 85° 43s 85° 41’ 
nl = (101) : (117) 27 43 3 —43 544 43 29 43 31 
rl = (111) : (100) 31 46 9 —46 54} 46 29 * 
nr = (101) : (100) 35 57 481—58 4745 58 16 58 13} 


Habit: rhombohedral. The crystals were very small but well- 
developed. They were deep reddish-brown in colour and so opaque 
as to preclude any determination of optical characters. The crystals 
are similar in appearance to those of the isomorphous barium com- 
pound (Fig. 6) with the difference that in this case basal planes are 


absent. 
4 B* 
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Cleavage : none observed. 

Density : measured by suspension in liquid, d?” = 1-971 (corr.), 

Topic axes: x = ~ = w = 5-784. 

Ammonium trans-Diamminodinitro-oxalatocobaltiate -+- 1H,0 (Fig. 
4).—Crystal system : monoclinic. Class: holohedral. Axial angle: 
6 = 92°51}4’. Axial ratio: a:b: c = 0-4089 : 1 : 0-3654. 

Forms observed ; B = {010}, occasionally present as long, narrow 
faces; m= {110}, fairly good, long, narrow faces; 1 = {02l}, 
p = {111}, o = {111}, all very small faces. 

Angles measured : 


No. of 
measure- Mean. 

ments, Limits. Obs. Cale. 
mm = (110) : (110) 5 48° 8’ —48° 16’ 48° 12’ * 
Bp = (010): (111) 3 73 52}—74 3 73 564 * 
Bo = (010): (111) 2 72 484—73 33 72 56 73° 2)’ 
mp = (110) : (111) 4 44 46 —44 52 44 48} * 
po = (11l):(111) 5 87 253—87 374 87 32 7 454 
Bl = (010) : (021) 6 51 38 —52 134 51 54 51 50} 
pl = (111): (021) 3 41 274—41 364 41 32 41 25} 
lm = (021): (7110) 4 77 24—77 22 77 12 77 3i1 
ol = (111): (021) 6 42 224—42 464 42 33 42 42 
Im = (021): (110) Ss 73° 2k—73 54 73 36 73 15} 


Habit: prismatic, terminated by extremely small dome and 
pyramid faces. The crystals were very poorly developed. Hence 
it was not possible to obtain more than approximate measure- 
ments of the crystallographic angles. A strong pseudorhombic 
symmetry is shown, the axial angle differing from a right angle by 
less than 3° and the angles from B= {010} on to p{lll} and 
o = {111} differing respectively by less than 1°. The larger crystals 
were hollow right through the centre, rendering them useless for 
optical study, and it was not found possible to make a complete 
determination of optical properties with the extremely small 
crystals which were not hollow. 

Cleavage : none observed. 

Density : measured by suspension in liquid, d%" = 1-879 (corr.). 

Topic axes: x: W:w = 4:224: 10-33 : 3-775. 

Optical characters ; refractive indices as found by the immersion 
method, greater than 1-74 for vibrations parallel to the x» and z 
axes and somewhat lower for those parallel to the y axis. 

Pleochroism : colour changes from dark reddish-brown to light 
yellowish-brown, with maximum absorption of light for vibrations 
parallel to the x axis, minimum absorption for vibrations parallel 
to the z axis, and intermediate absorption for vibrations parallel 
to the y axis. 

Nearly straight extinction parallel to the crystallographic axis c 
was observed. 
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Potassium Diamminodinitro-oxalatocobalitiate, 
[Co(NH5).(NO,).C,0,]K + H,0. 

As in the case of the isomorphous ammonium salt, two isomeric 
forms of this composition occur, the cis-form, as before, crystallising 
in the rhombohedral, and the trans-form in the monoclinic, system. 

Potassium ___cis-Diamminodinitro-oxalatocobaltiate + 1H,O.— 
Crystal system: rhombohedral. Class: ditrigonal scalenohedral. 
Millerian axial angle: « = 107° 54’. Angle over the edges of the 
primary rhombohedron, 63° 40’. 

Forms observed: r = {100}, well developed; n = {101}, small, 


narrow faces; 1 = {111}, small, square faces; C = {111}, small, 
triangular faces, which occur only rarely and are very poor when 
present. 
Angles measured : 

No. of 

measure- Mean. 

ments. Limits. Obs. Cale. 
Cr = (111) : (100) 2 7° 24’ —37° 444’ 37°34’ = 37° 31’ 
rl = (100) : (111) 3 85 32 —85 444 85 39 85 344 
nl = (101) : (111) s 43 28-43 41, 43 34 43 28} 
lr = (111) : (100) 20 46 114—46 554 46 314 * 
nr = (101) : (100) s 58 1 —58 21k 58 12} 58 10 


Habit : rhombohedral with basal terminations rare. The crystals 
were extremely small but fairly well-developed. They were dark 
reddish-brown and too opaque to allow of the determination of 
optical properties. They were similar in appearance to the crystals 
of the isomorphous barium compound (Fig. 6). 

Cleavage : none observed. 

Density: determined by suspension in liquid, d,! = 2-007 
(corrected). 

Topic axes: x = fp = w = 5-874. 

Potassium trans-Diamminodinitro-oxalatocobaltiate 4- 1H,O (Fig. 
5).—Crystal system : monoclinic. Class: holohedral. Axial angle : 
8 = 92°47)’. Axial ratio: a:b: c= 1-1558: 1 : 0-9388. 

Forms observed: A = {100}, very narrow faces, not always 
present; C = {001!, fairly good, lozenge-shaped faces, always 
present and the largest of the faces terminating the prisms; 
m = {120}, fairly well-developed, long faces, often striated perpen- 
dicularly to the prism edge; ¢ = {101!, extremely small, generally 
triangular faces; r = {122}, very narrow faces; s = {121}, similar 
in development to the form r; ¢ = {101}, similar in development 
to the form e, but only once found. 

In addition to these forms, the crystals from one crystallisation 
also showed faces which evidently belonged to the forms o = {121} 


and p = {122}, but as these crystals were extremely poor it was 
4B*2 
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not possible to obtain sufficiently accurate measurements of the 
angles from these faces on to C or m to establish their identity 
beyond doubt. 

Angles measured : 


No. of 

measure- Mean, 

ments. Limits, Obs. Cale, 
Am = (100) : (120) 8 66° 144’—66° 52’ — 66° 35’ * 
Ae = (100): (101) 2 49 34}—49 483 49 41$ 49° 14)’ 
eC = (101): (001) 3 37 56 —38 O04 37 58 * 
Ct =(001):(101) | 1 41 10} 40 11 
Cm = (001) : (120) 4 88 40} -——89 64 88 53} * 
Cr = (001): (122) 4 44 28 —45 16 44 52 45 3 
ms = (120): (121) 5 25 27 —26 32} 26 8$ 26 17 
aC = (121): (001) 6 63 6 —65 48} 64 454 64 49} 
me = (120): (101) 5 74 35}—75 24 75 1k 74 58 
mr = (120) : (122) 5 61 20} —62 36 61 593 61 55 


Habit : the crystals were extremely small and not well developed 
and only permitted approximate determinations of the crystallo- 
graphic angles. They were prismatic with a prominent basal 
termination and with a certain number of very small pyramidal and 
domal faces. 

Cleavage : none observed. 

Density : measured by suspension in liquid, d? = 2-093 (cor- 
rected). 

Topic axes: x: ~: w = 6-080 : 5-260 : 5-043. 

Optical characters : refractive indices as found by the immersion 
method, « = 1-56, 8 = 1-65, y>1-74<1-77. The double refraction 
is therefore strong and the sign positive. 

The optic axes lie in the plane of symmetry and the obtuse 
bisectrix is very slightly inclined to the crystallographic axis ¢. 
Hence the extinction is nearly straight. The optic axial angle is 
large. 

Pleochroism : the colour changes from deep reddish-brown to 
yellowish-brown. Maximum absorption of light takes place for 
vibrations parallel to the x axis, minimum absorption for vibrations 
parallel to the z axis, and intermediate absorption for vibrations 
parallel to the y axis. 

A comparison between the values of the angles obtained for this 
compound and for the trans-ammonium compound indicates a 
close relationship between them. The two compounds are, how- 
ever, not truly isomorphous, for there is a complete difference of 
orientation between them, the plane of symmetry and the diad 
axis in the ammonium compound being at right angles to the 
respective positions they should occupy if it were isomorphous 
with the potassium compound. In both compounds a strong 
pseudo-orthorhombic symmetry is evident. Had orthorhombic 
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symmetry been attained, the crystals of the two compounds would 
have shown true isomorphism. 


Barium cis-Diamminodinitro-oxalatocobaltiate, 
[Co(NH,).(NO,).C,04],Ba + 3H,O (Fig. 6). 

Crystal system : rhombohedral. Class: ditrigonal-scalenohedral. 
Millerian axial angle « = 108° 16’; angle over the edges of the 
primary rhombohedron, 63° 6’. 

Forms observed: C = {111}, small, triangular faces, always 
present and fairly good; r = {100}, large, well-developed faces; 
n = {101}, very narrow and rather poor faces; / = {111}, extremely 
small faces, very rarely present. 

Angles measured : 


No. of 
measure- Mean. 
ments. Limits. Obs. Cale. 
Cr = (111) : (100) 14 36° 43}’—37° 24)’ 37° 2’ * 
rl = (100): (111) 1 86 35} 86° 30’ 
nr = (101) : (100) 21 57 564—59 8} 58 32 58 27 


Habit: rhombohedral with basal terminations. The crystals 
were extremely small and rather opaque and of a deep reddish-brown 
colour. 

Cleavage : none observed. 

Density: determined by suspension in liquid, di = 2-142 
(corrected). 

Topic axes: x = py = w = 7-544. 

Optical characters : refractive indices, measured by total reflec- 
tion from {111}, « = 1-5607. w is very high and could not be 
measured. The double refraction is strong and the sign is negative. 
On looking through some of the clearer crystals, perpendicular to 
the basal plane, in strong sodium light, a faint uniaxial interference 
figure was observed in convergent polarised light. 


Table for the comparison of the cis-rhombohedral compounds. 


Angle 
over Topic axes, x = ~¥ = w 


edges of 
Millerian primary Molecular qd) (2) 
axial rhombo- weight DeMStY- caiculated Calculated 


Chemical composition. angle. hedron. = M, rie using M. using 2M, 
CoH NOC O INE +H,O 107°57’ 63°33’ 309-11 1-971 5-784 7-288 
‘Co(NH,),(NO,),0 +H,0° 107 54 63 40 380-17 2.007 5-874 7-401 
CoN ET eNOS LON Bes 3H,0 108 16 63 6 73953 2-142 7-544 


A comparison of the crystallographic angles of the three rhombo- 
hedral cis-compounds makes evident their isomorphous relation- 
ship. This is a close one for all three compounds and in the case 
of the ammonium and potassium compounds is of an extreme 
closeness. The latter might be expected, since in such heavy 
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molecules the ammonium group and the potassium atom are 
comparatively small part and therefore their substitution for one 
another would naturally have a very small effect on their crystallo. 
graphy. But, as pointed out early in this paper, the close igo. 
morphism of the barium compound is not what would naturally 
be expected. No doubt, the reason given above for the extremely 
close isomorphism of the ammonium and potassium compounds 
applies in this case, but it does not seem sufficient to be the whole 
explanation. It may be that each barium atom takes the place 
of two ammonium groups or two potassium atoms in the crystal 
structure without greatly altering that structure. In this con. 
nexion, it is interesting to note that if the topic axes for the ammon. 
ium and potassium compounds are calculated, using double their 
molecular weights, the values obtained are fairly close to that of 
the barium compound in which the single molecular weight is used. 
It would seem, however, that only an exact knowledge of the 
arrangement of the atoms in the crystal structure could afford 
a complete explanation. 


Ammonium Diamminotetranitrocobaltiate, [Co(NH ).(NO,),JNH, 
(Fig. 7). 
Crystal system : orthorhombic. Class: holohedral. Axial ratio 
a:b:c = 08677 :1:0-5110. 
Forms observed : m = {110}, large faces; e = {101}, fairly large 
faces; q = {011}, very small faces, rarely present. 
Angles measured : 


No. of 
measure- Mean. 
ments. Limits. Obs. Cale. 
ee = (101): (101) 3 60° 58’—61° 0’ 60° 59’ * 
me = (110): (101) 7 67 5—67 474 67 28 * 
mm = (110) : (110) 4 8l 16—82 58 82 2} 81° 54’ 


Habit: simple prismatic, terminated by a pair of macrodomes. 
The crystals were extremely small and poorly developed. The 
angular measurements obtained are therefore only approximate. 
Owing to the poor quality of the crystals, their optical study was 
not undertaken, but it was found that their refractive indices 
were high, lying between 1-78 and 1-74 for vibrations parallel to the 
e axis and about 1-73 for vibrations in a direction perpendicular 
to the c axis and parallel to either the a or the b axis. The crystals 
were of a deep reddish-brown colour. 

Cleavage : none observed. 

Density: determined by suspension in liquid, d%° = 1-972 
(corrected). 

_ Topic axes: x: W: uw = 6-042 : 6-963 : 3-558. 
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CCX LIX.—The Ignition of Gases. Part II. Ignition 
by a Heated Surface. Mixtures of Methane and Air. 


By Wa rer Mason and RicHarp VERNON WHEELER. 


Relative Ignition Temperatures. 


THE exposure of various inflammable mixtures to heated surfaces 
of known temperature was one of the earliest methods by which 
it was sought to determine the “ ignition-temperatures” or 
“ignition-points ’’ of the mixtures, and the values so obtained by 
different observers are still often quoted, without qualification. 
Yet some qualification is necessary, for the results so obtained 
for a given mixture are dependent in a considerable degree on the 
experimental conditions—on the character of the heated surface, 
for example, and on the ratio its area bears to the volume of the 
mixture. So much so, that “ ignition-points *’ determined by such 
a method as that of Mallard and Le Chatelier (Ann. Mines, 1883, 
[viii], 4, 280), who measured ‘the temperature to which the walls 
of a porcelain vessel had to be heated in order that the mixture 
undergoing test should inflame when it was rapidly admitted to 
the vessel, can only be regarded as possessing relative value. 

A definition of “ ignition-temperature ’’ (following Nernst’s), 
which has received some acceptance, though it is recognised to be 
inadequate, is: The lowest temperature to which a mixture of 
combustible gas and air or oxygen must be raised in order that 
the chemical action between the gas and the oxygen (unaided by 
exterior influences) can become so rapid as to produce flame. 

If a mixture of an inflammable gas, methane for example, and 
air is gradually raised in temperature (below its ignition-tempera- 
ture) throughout its extent by some external source of heat, such 
as the heated walls of a containing vessel, the rate of combination 
between the methane and the oxygen gradually increases. Since 
this reaction is accompanied by an evolution of heat, the products 
of it, and, ipso facto, any unburnt mixture with which they mingle, 
are at a higher temperature than the external source of heat; 
and, inasmuch as an increase in temperature augments greatly 
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the rate of reaction, there is a tendency for this rate of reaction 
to go on increasing until the whole of the methane, or of the 
oxygen, in the mixture is consumed. If, however, the initial 
temperature imparted to the mixture by the heated walls of the 
vessel is sufficiently high, the rate of reaction, being initially rapid, 
will soon become so rapid as to produce “ flame’; that is to say, 
the combination between oxygen and methane, instead of pro. 
ceeding at a steadily increasing speed to a conclusion (consequent 
on the exhaustion of one or other of the combining gases), will 
be completed comparatively suddenly by the passage of flame 
through the mixture. 

It is clear that, for a given mixture, the value for the ignition. 
temperature as defined is not identical with the temperature 
existing in the mixture at the moment when flame actually makes 
its appearance. On the contrary, there must be a pre-flame period 
during which the rate of reaction is rapidly increasing. It will be 
understood, also, that the duration of this pre-flame period will 
vary with the character of the mixture, dependent on the rate of 
change of reaction-rate with temperature. Except under adiabatic 
conditions, also, the duration of the pre-flame period will depend 
on the facilities that are provided for the transference of heat 
from the rapidly combining mixture to its surroundings, 

Now, the definition of “ ignition-temperature ” implies that heat 
shall be supplied to the mixture adiabatically, and that a specific 
property of the mixture will be measured. Herein, such methods 
as that of Mallard and Le Chatelier.fail; for, however quickly the 
mixture of which the ignition-temperature is required is passed 
into the heated vessel, the whole volume cannot be raised at once 
to the temperature of the walls of the vessel, but those portions 
that reach the walls earliest will become raised in temperature 
first. Apart from the fact that this unequal heating may cause 
the portion that ultimately ignites to be different in composition 
from the original mixture admitted to the vessel, there will be a 
loss of heat to, and through, the walls of the vessel. In order to 
cause the ignition of the mixture, the initial temperature of the 
walls of the vessel must, in fact, be so high that the rate at which 
heat is produced by the combustion of the “layer” of mixture 
adjacent to them is greater than the rate of loss of heat through 
them. For this reason, it is evident that when the source of heat 
is a solid surface the attainment by a mixture of a temperature 
that will render the reaction self-heating is dependent, not only 
on the chemical and physical characteristics of the mixture, but 
also on the character and extent of the solid surface. 

The importance, when attempting to determine the true “ igni- 


tion- pc 
the eff 
Dixon 
of exp 
air (OF 
allowe' 
in wh 
althou 
The c 
presen 
measu 
the p 
varied 
and, } 
combi 
ignite 

The 
was t 


THE IGNITION OF GASES. PART II. 2081 


tion-points ” of gaseous mixtures, of eliminating as far as possible 
the effect of contact with heated surfaces, was first pointed out by 
Dixon and Coward (T., 1909, 95, 514), who devised a new method 
of experiment whereby streams of the inflammable gas and of the 
sir (or oxygen) could be heated separately, pari passu, and then 
allowed to mingle at a little distance from the ends of the tubes 
in which they were heated. This was found greatly to reduce, 
although not entirely to eliminate, the effect of surface action. 
The chief defect of the method, from the point of view of the 
present research, lies in the fact that it does not enable one to 
measure the variations in ignition-temperature that occur when 
the proportions of combustible gas and air in the mixtures are 
varied. The gas and air mingled with one another fortuitously, 
and, presumably, the ignition-temperature recorded for a particular 
combustible gas was that of its (indeterminate) most readily- 
ignited mixture with air, or oxygen, at atmospheric pressure. 

The main object of the present research was to determine which 
was the most readily-ignited mixture of methane and air at atmo- 
spheric pressure; and not necessarily its true ignition-temperature. 
Despite the objections to Mallard and Le Chatelier’s method of 
experiment as means of measuring true “ ignition-points,” it was 
therefore decided to employ a similar method, in the belief that 
relative values s. different mixtures could best be obtained thereby. 

Details of the method used are given in the experimental portion 
of this paper; briefly, the mixtures, of known composition, were 
admitted rapidly to an evacuated cylindrical vessel of quartz, of 
81 c.c. capacity, which was heated in an electric tube-furnace. 
The lowest temperature to which the walls of the vessel had to be 
heated in order that a given mixture should ignite when admitted 
to it was taken to be the “ ignition-temperature ” of that mixture 
relative to that of other mixtures admitted to the same vessel. 
The results, which for mixtures of the same composition were 
remarkably constant (within 1°), were as follow : 


Methane, per cent. Relative ignition- Methane, per cent. Relative ignition- 


in air. temperature. in air. temperature. 
2-00 711° 8-00 701° 
3-00 700 8-80 707 
3-95 696 10-00 714 
5-85 695 11-75 724 
7-00 697 14-35 742 


It will be noticed that the ignition of mixtures containing pro- 
portions of methane that are outside the limits of inflammability 
at atmospheric temperature is recorded; such mixtures can pro- 
pagate flame at the much higher temperatures near their ignition- 
temperatures. Thus, when the mixture is at a temperature of 
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600°, the lower limit of inflammability of methane (downway 
propagation of flame) is 3-35 per cent. (see T., 1918, 113, 45). 

The results are shown graphically in Fig. 1 (curve A), simily 
results obtained by Taffanel and Le Floch (Compt. rend., 1913 
157, 469), who used quartz vessels of 15 c.c. (curve B) and 275 c¢. 
(curve C) capacity, being also shown. According to all thre 
curves, the mixtures most readily ignited by a heated surfaw 
maintained in contact with them contain between 5 and 6 per 
cent. of methane. 

The decrease observed in the “ ignition-temperature ” for a given 
mixture as the size of the heated vessel is increased can be explained 
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on the following considerations (see Le Chatelier, ‘‘ Le Carbone,” 
p. 261, Paris, 1908): If two curves, A and B (Fig. 2), are traced 
which represent, as a function of temperature, (A) the heat 
generated, in calories per unit of time, by the combustion of the 
mixture, and (B) the heat transmitted by the burning mixture 
to the walls of the vessel, A will show a rapid increase in the 
amount of heat generated, whilst B will be a straight line and will 
be tangential to A when the conditions are such that ignition of 
the mixture can just be effected; the point, C, at which it cuts 
the temperature axis being the “ ignition-temperature ” of the 
mixture under the conditions of experiment. The quantity of 
heat generated by the combustion of the mixture is proportional 
to its volume, although the rate of increase in the quantity with 
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temperature is not affected, so that the shape of curve A will not 
alter when the size of the heated vessel is increased. On the other 
hand, the rate at which the heat of the burning gases is trans- 
mitted to the walls of the vessel is proportional to the area of the 
walls, so that the inclination of curve B from the horizontal will 
vary with the ratio surface/volume of the vessel, being less as 
that ratio is less. For a larger vessel, therefore, a curve, B’, should 
be drawn, tangential to A and cutting the temperature axis at the 
lower “ ignition-temperature,”’ C’. 

If the catalysing power possessed by the material of which the 
heated vessel is made is considerable (as it would be if a metallic 
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vessel was used), the fact that this power would be exercised in 
less degree the less the ratio surface/volume of the vessel would 
be an additional reason why the observed “ ignition-temperature ” 
of a given mixture should be lower the larger the vessel used. For, 
inasmuch as the catalytic action of the surface causes flameless 
combustion of the mixture to occur at temperatures considerably 
lower than its ignition-temperature, the production of flame is 
thereby delayed or even prevented. The mixture immediately 
surrounding the heated surface may be consumed so rapidly as to 
become incapable of propagating flame, the reaction continuing to 
take place only at or near the heated surface even although its tem- 
perature there may rise far above the true ignition-temperature of 
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the mixture. This effect of “‘ surface-combustion ”’ is illustrated by 
some experiments by Gautier and Helier (Compt. rend., 1896, 122, 
566) when using electrolytic gas (2H, + O,) as the inflammable 
mixture. On passing a stream of this mixture slowly through a 
heated tube packed with porous porcelain, no flame appeared until 
a temperature of 840° was attained; whereas for the same mixture 
Mallard and Le Chatelier found a temperature of 550° to be sufficient 
when using an unpacked tube. 
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A smooth quartz surface is a poor catalyst for the combustion 
of methane, and it is permissible to assume that the catalytic power 
per unit of area possessed by the material used by Taffanel and 
Le Floch for their reaction vessels was low and not very different 
from that of our vessel. We can then construct a curve, for any 
of the mixtures of methane and air, showing the variation in 
observed “ ignition-temperature ” with size of reaction-vessel, and 
thus gain some idea of the extent to which the observed values are 
departures from the true values. This has been done in Fig. 3 
for mixtures containing 7-0 and 12-0 per cent. of methane, the 
relative ignition-temperatures being plotted against the ratios 
surface/volume for the three vessels, of 15, 81, and 275 c.c. capacity, 
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respectively. The curves are hyperbolic and, although extrapolation 
with a view to determine the true ignition-temperatures is in- 
admissible, we can judge how far the values recorded when the 
largest vessel was used are from those which would be obtained 
could the effects of surface combustion be eliminated and the 
conditions of heating be rendered adiabatic. As already stated, 
however, we are not primarily concerned, in this part of our 
research, with the determination of ignition-temperatures of 
mixtures of methane and air as physical constants; but we aim 
to record the relative ignitibilities of the different mixtures. 

The mixtures of methane and air that are found to be most 
sensitive to ignition by a heated surface maintained in contact 
with them are those containing between 5 and 6 per cent. of 
methane; the most explosive mixtures (9-5 to 10-0 per cent. of 
methane) are decidedly more difficult to ignite by a source of 
heat of this character. Before considering this result further, it 
is desirable to examine another method whereby the sensitiveness 
of the mixtures to ignition by a heated surface can be measured, 
namely, the determination of the duration of the pre-flame period. 


The Pre-flame Period. 


We have already explained that the appearance of flame in a 
mixture cannot synchronise with the attainment of its ignition- 
temperature; there must always be an interval of time during 
which the self-heating of the mixture, which ultimately results in 
flame, is taking place. This interval may be so short (as with 
mixtures of hydrogen and oxygen) as to be barely measurable ; 
or, as with mixtures of methane and air, it may be so long as to 
be readily noticeable. 

Mallard and Le Chatelier (loc. cit.) first commented on the fact, 
which they thought to be peculiar to methane, that a mixture 
does not inflame as soon as it attains its “ ignition-temperature,”’ 
as represented by the temperature of the heated walls of a vessel 
to which it is admitted; and that mixtures of methane and air 
can, in fact, be maintained during several seconds at temperatures 
considerably higher than their ignition-temperatures without 
inflaming. This “retard 4 l’inflammation”’ they found to be as 
great as ten seconds for mixtures of methane and air in a vessel 
heated at a temperature of 650°. The “lag on ignition ” diminished 
as the temperature of the vessel was increased and became 
inappreciable at 1000°. 

The subject was studied more closely by Taffanel and Le Floch 
(Compt. rend., 1913, 156, 1544), who made careful measurements 
of the “lags” for different mixtures of methane and air, using as 
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the means of ignition a quartz bulb of 300 c.c. capacity heated at 
temperatures of 700°, 800°, 900°, and 1000°, as follows : 


Lag on Ignition. Seconds. (Taffanel and Le Floch.) 


Temperature ...............00 700° 800° 900° 1000° 
Methane in air, per cent. 
6-5 1:35 0-72 0-19 nil 
8-0 0-92 0-68 0-24 nil 
10-0 — 1-12 0-33 0-14 
12-0 — 1-73 0-30 nil 


The explanation of the “ retard 4 l’inflammation ”’ advanced by 
Mallard and Le Chatelier was that the rate of reaction with 
mixtures of methane and air when dry was too slow, and that a 
certain amount of water vapour had to be formed by slow com- 
bustion before the rate could acquire the requisite speed; an 
explanation founded on Dixon’s observations regarding the 
influence of moisture on the ignition of carbon monoxide by an 
electric spark. Taffanel and Le Floch have shown this analogy 
to be incorrect; nevertheless, the magnitude of the “lag” with 
the paraffins (it is greater still with the higher members of the 
series) can be ascribed to their protracted mode of combustion, 
and exemplifies the fact that the duration of the pre-flame period 
depends essentially on the rate of change of reaction-rate with 
temperature. 

According to our experiments, the lag on ignition, with a number 
of mixtures containing between 2-5 and 13-0 per cent. of methane, 
lasted between ten and fifteen seconds when the heated vessel 
was just at the “ relative ignition-temperature ” for each mixture. 
With the vessel at higher temperatures, the lags were of shorter 
duration; they were constant for a given mixture and could be 
measured with considerable accuracy. The results can be con- 
veniently shown graphically, as in Fig. 4, in which, for several 
different temperatures of the reaction-vessel, percentages of 
methane are plotted against their lags on ignition (in seconds).* 

The more ready ignitibility of mixtures containing an excess of 
oxygen is emphasised by these experiments. In each series, the 
source of heat was at a higher temperature than the ignition- 
temperature of any of the mixtures, and it will be seen that, in 
each instance, the lag on ignition was of shortest duration with 
the mixture containing the lowest percentage of methane. A 
source of heat of given intensity, of the same character as that 


* A curve representing the experiments of Taffanel and Le Floch at 900° 
is included in Fig. 4; when comparing this curve with ours, it must be remem- 
bered that the reaction-vessel used by Taffanel and Le Floch was of larger 
capacity (300 c.c. as compared with 81 c.c.) than ours. 
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employed in the experiments, would have to remain in contact 
longer with, say, a 10 per cent. mixture of methane and air than 
with one containing 6 per cent. in order to ignite it. 

As the temperature of the source of heat was increased beyond 
the “relative ignition-temperature”’ of a given mixture, the 
duration of the lag rapidly decreased (see Fig. 5), and it may be 
assumed that at temperatures of about 1200° the ignition of any 
of the mixtures would be nearly instantaneous; how nearly instan- 
taneous it is of importance to determine (as regards the ignition 
of mixtures of firedamp and air in coal mines) and research on this 
subject, which requires more refined methods of time-measurement 
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than those used for the work described in this paper, is in progress. 
From the slope of the curves in Fig. 4 it can be judged that, when 
the heated surface is at a temperature so much above the ignition- 
temperatures of the mixtures as 1200°, differences in the duration 
of the lags as between one mixture and another almost disappear, 
and that, to differentiate between the “ ignitibilities”’ of the 
mixtures when exposed to such a source of heat, very small 
intervals of time have to be measured. 

Judged by two standards, mixtures of methane and air con- 
taining an excess of oxygen are the most readily ignited by a 
heated surface. This is most clearly shown by the measurements 
of the time taken for flame to appear when the mixtures were 
exposed to a surface heated at a higher temperature than their 
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ignition-temperatures (Fig. 4); and it is shown also by their relativg 
ignition-temperatures (Fig. 1). The natural inference is that, at 
& given temperature, the rate of reaction between methane and 
oxygen increases with the oxygen concentration. This we have 
actually found to be so, in experiments in which different mixtures 
of methane and air were slowly circulated over a porcelain surface 
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heated at 450°; but the explanation is still to seek. The tentative 
suggestion by Dixon and Crofts, to account for similar results 
obtained with mixtures of hydrogen and oxygen (T., 1914, 105, 
2027), that the oxygen is “ activated,” does not cover all the 
known facts; unless one assumes that oxygen is thus “ activated ” 
only when in the presence of certain inflammable gases and not in 
the presence of all. If this is so, we still require to know why it 
is that some gases have this effect and others have not. 
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Turning now to a consideration of the igniting power of the 
source of heat, as distinct from the ignitibility of the mixture, it 
is obvious that this is dependent on the conditions under which 
it is presented to the mixture to be ignited. We have shown that, 
under certain experimental conditions, a quartz surface heated at 
a temperature of 775° would not ignite any mixture of methane 
and air if it was allowed to remain in contact with the mixture 
during only one second. What, then, would be the igniting 
power—the incendivity—of such a surface, maintained at such a 
temperature, were the mixtures to flow past or circulate around 
it? It would then seem probable that, inasmuch as the time of 
contact between any given portion of the mixture and the surface 
might well be less than one second, because of the continuous 
renewal of the mixture by the moving current, it could not cause 
ignition. Such was the experience of Mallard and Le Chatelier 
in their earliest attempts to determine ignition-temperatures by 
causing the mixtures to flow through heated tubes; a higher 
temperature was required for the heated surface to ignite a current 
af a given mixture flowing through the tube, an observation con- 
firmed by Meyer and Freyer (Ber., 1892, 25, 622). 

In order to ignite a given mixture, the source of heat (the heated 
walls of the quartz vessel in the present instance), besides being of 
sufficient temperature, must be maintained in contact with the 
mixture during the period of acceleration of the rate of reaction 
which ultimately results in the production of flame (that is, during 
the peried of “jag ”’), otherwise the acceleration will be retarded. 
The incendivity of a heated surface depends, therefore, on (a) its 
temperature and (b) its duration, or its time of contact with the 
mixture. To these must be added (c) its catalysing power, which, 
by inducing flameless combustion, reduces the incendivity of the 
surface. 


Ex PERIMENTAL. 


The apparatus consisted essentially of a transparent quartz bulb 
8:5 em. long and of 3-5 cm. internal diameter, connected by wide- 
bore tubing through mercury-seal taps with a gas-holder, and a 
recording pressure-gauge. The bulb, and some of the connecting 
tubing, lay within a platinum-wound, electric-resistance tube- 
furnace, the winding of which was so arranged that a uniform 
temperature, over the range 500—800°, was obtained along that 
portion of the tube occupied by the quartz bulb, which fitted 
closely within the furnace. Temperatures were recorded by means 
of a platinum-iridium thermo-couple, lying between the bulb and 
the furnace tube. 

The gas-holder contained the required mixture of methane and 


2090 THE IGNITION OF GASES, PART II, 


air over a mixture of glycerol and water in equal parts by volume, 
Each mixture was analysed before use and was prepared from 
methane (of 99-8 per cent. purity), obtained by the liquefaction 
and fractional distillation of firedamp, and air, purified by passing 
through a dilute solution of potassium hydroxide. Connexion 
could be made, through a three-way T-tap on the gas-holder, 
with a vacuum pump. 

The pressure-gauge traced, on a smoked paper chart attached 
to a revolving drum, a continuous graph of the pressure within 
the quartz vessel, thus recording (a) (Fig. 6) the moment when the 
previously evacuated vessel was filled with the inflammable mixture 
at atmospheric pressure, and (b) the moment when a sudden rise 
in pressure, indicative of inflammation, occurred. The interval 
between (a) and (b) represented the ‘lag on ignition.” Half. 
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seconds were recorded on the revolving chart by an electro-magnetic 
stylus. . 
When conducting an experiment to determine the 


** ignition- 
temperature ”’ of a mixture, a constant temperature was obtained 
by regulating the electric current passing in the furnace, and was 
maintained during half-an-hour before a determination was made; 
two hours were allowed to elapse between successive determinations. 
The volume of gas required to fill the vessel at atmospheric pressure 
at the experimental temperature was calculated, and that volume 
(together with the small amount required to occupy dead space) 
was allowed quickly to enter the evacuated system from the gas- 
holder. If ignition occurred, flame could be observed through a 
window in the electric furnace, or the movement of the pressure 
gauge could be watched. The method of determination was that 
of “ trial and error,”’ and an accuracy within 1° is believed to have 
been obtained. 
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At the beginning of the investigation, some trouble was ex- 


night, for example), and was noticeable also if the heated vessel 
remained evacuated for any length of time; the “ ignition- 
temperature ” of a given mixture tended to be lower after such 
treatment. This trouble was overcome by treating the surface 
after each determination with nitrogen, which was allowed to 
remain, at atmospheric pressure, within the heated vessel until 
it was required for the next determination. No change has been 
observed in the ignition-temperatures of a given mixture and 
air, as determined in this apparatus, during two years, and it can 
be assumed that the regular treatment of the surface with nitrogen 
has preserved constant its catalysing power. 


Mines DEPARTMENT EXPERIMENTAL STATION, 
EsKMEALS, CUMBERLAND. [Received, August 15th, 1922. 


(CL.—Physical Chemistry of the Oxides of Lead. 
Part VI. The Anodic Behaviour of Lead and 
Lead Dioxide. 


By SAMUEL GLASSTONE. 


In a previous communication (this vol., p. 1469), the abnormal 
electromotive behaviour of electrolytic lead dioxide has been 
explained by assuming the presence in it of minute traces of a 
higher unstable oxide, possibly PbO. In order to obtain further 
evidence of the existence of such an oxide, a series of experiments, 
on the polarisation and discharge of lead and lead dioxide anodes 
in alkali, was carried out. Since the electrode potentials of the 
known oxides of lead in N-sodium hydroxide have already been 
determined, measurements of potential during polarisation and 
discharge should give information regarding the existence of any 
oxides in addition to those with which we are already familiar. 
Elbs and Forssell (Z. Elektrochem., 1902, 8, 760) found that at 
low current densities a lead anode dissolves in N-sodium hydroxide 
as bivalent ions, but at higher densities the lead no longer dissolves, 
but lead dioxide is deposited, and oxygen is evolved. These authors 
attribute the evolution of gas to the decomposition of the dioxide 
into monoxide and oxygen, and state that this reaction occurs at 
a potential 0-23 volt more positive than that required for the 
deposition of lead dioxide from a solution of N-sodium hydroxide 
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saturated with lead monoxide. Observations and measurements 
to be described in the present paper, however, appear to show that 
oxygen evolution at a lead anode takes place through the inter. 
mediate formation of an unstable oxide, more highly oxygenated 
than the dioxide. Lorenz and Lauber (Z. Elektrochem., 1909, 
15, 157) polarised lead plates anodically in sulphuric acid and 
followed the back #.M.F. by discharging through a high resistance, 
Fourteen different halts in the discharge potential were reported, 
eight of which were said to correspond with the electrode potentials 
of the oxides of lead measured by Streintz and Neumann (Wied, 
Annalen, 1890, 41, 97). Lorenz and Lauber make no mention 
of an oxide higher than the dioxide, although it may be pointed 
out that a potential of 2-05 volts is attributed to the electrode 
Pb|PbO, (which is actually PbO,|PbSO,, owing to the instability 
of the system lead-lead dioxide in sulphuric acid), and to the 
potential of the electrode Pb|PbSO, is given the probably correct 
value of —0-29 volt. From these figures, the ordinary lead 
accumulator should have an E.M.F. of 2-34 volts, which is, of 
course, much higher than the actual value. The second halt in 
the discharge potential was found to be 1-62 volts; this probably 
represents the reaction Pb“ —» Pb” (that is, PbO,|PbSO,), for 
then the lead accumulator should have an #.M.F. of 1-91 volts, 
which is in close agreement with the actual value if the sulphuric 
acid is about 2N. It therefore appears that the potential of 2-05 
volts is to be attributed to an oxide higher than the dioxide. 


EXPERIMENTAL. 


A simple cell was made up consisting of a platinum foil kathode, 
6 sq. cm. in area, and an anode of either pure lead (series I and II) 
or lead dioxide (series III and IV). The anodic potential was 
measured during charge and discharge by comparison with a 
standard mercuric oxide half-element, the connecting tube of which 
was drawn out into a fine jet, which pressed close up against the 
anode. 


Series I. 


The anode was a small sheet of lead connected with a platinum 
wire; the whole was completely waxed over, and an area of about 
2 sq. cm. of the lead scraped clean and bright. A small pit was 
made in the surface, and the jet of the standard electrode fitted 
into it. The electrolyte used in this series was N-sodium hydroxide, 
and all measurements were made at room temperature (about 17°). 
The direct anodic potential (with current flowing) was measured 
from time to time, with different current densities, With low 
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densities, up to 0-025 amp./cm.?, the anodic potential remained 


lents 
that § almost constant at —0-53 volt; lead dissolved at the anode, but 
nter. BH there was no evolution of oxygen. At the kathode, however, 


lead was deposited and also hydrogen evolved, consequently more 
lead went into solution than was deposited. The potential of 
-—0-53 volt corresponds with that of the half-element Pb|PbO 
Y-NaOH (—0-56 volt), the small difference being probably due 


ted, § to concentration polarisation. The action at the anode is there- 
tials @ fore the discharge of OH’ ions, and the dissolution of lead as 
ied, @ plumbite : 


30H’ + Pb + 2@ = HPbO,’ + H,0. 


A certain amount of lead also went into solution as bivalent 


lity @ plumbous ions : 

se Pb + 20H’ + 2@ = Pb(OH), == Pb"+ 20H’. 

ec 

rad If the current density is increased further, for example, to 0-03 


amp./em.?, after a few minutes the current, as registered on an 
ammeter in the circuit, will suddenly decrease to about one-half 
of its previous value, and at the same time a dark grey film will 
be seen to creep across the hitherto clean surface of the lead anode. 
Coincident with this, the anodic potential suddenly rises to 0-70 
volt, but there is still no evolution of oxygen. A much higher 
potential is now necessary to cause lead to dissolve, passivation 
being undoubtedly due to the visible coating of oxide. This is 
probably the dioxide, since neither lead sesquioxide nor red lead, 
both of which give plumbous ions in solution (see Part IV, this vol., 
p. 1456), would be likely to cause such a large increase of potential, 
namely, from —0-53 to 0-70 volt. The lead is apparently dissolving 
as plumbic and plumbate ions : 


Pb + 40H’ + 4 @ = Pb(OH), == Pb*""+ 40H’. 
Pb + 60H’ + 4 @ = PbO,” + 3H,0. 


The presence of plumbate in the electrolyte may be readily 
shown by the addition of dilute nitric acid, when a precipitate of 
lead dioxide is formed. 

After a few more minutes, a further, but smaller, decrease in 
the current occurs, and a black film now passes over the surface of 
the anode. At the same time, the anode potential rises to 1-18 
volts, and when the dark film completely covers the anode, evolution 
of oxygen commences. This second film, which causes such a 
high anodic potential, is very probably a higher oxide; since 
evolution of oxygen takes place only after the formation of this 
film, it appears that gas formation is due to the continual form- 
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ation and decomposition ‘of this higher oxide.* Foerster (2, 
physikal. Chem., 1909, 69, 236) and Grube (Z. Elektrochem., 1910, 
16, 621) have similarly correlated the evolution of oxygen at a 
platinum anode with the formation of the oxide PtO;, and possibly 
PtO,. Similar conclusions have been drawn by Miiller (ibid,, 
1907, 13, 133) and Foerster (loc. cit.) for the evolution of oxygen 
at copper, nickel, and iridium anodes. 

If the current density is kept constant at 0-03 amp./cm.?, the 
anodic potential rises slowly to 1-26 volts, but no further changes 
occur. 

Newbery (T., 1916, 109, 1066) measured the overvoltage at a 
lead anode in N-sodium hydroxide, using the commutator method; 
only one overvoltage condition is mentioned, namely, 0-6 to 10 
volt (that is, an anodic potential of 1-0 to 1-4 volts) depending on 
the current density. These figures correspond with the third 
anodic potential of the present series of measurements. 

Discharge Potential—After three hours’ polarisation at 0-03 
amp./cm.*, the current was stopped, and the potential of the anode 
during self-discharge measured against that of a standard electrode. 
The initial fall from 1-26 to 0-82 volt occupied thirty-two seconds, 
and therefore very little of the high potential at the anode could 
have been due to the “ transfer resistance ” of oxide or gas film. 
During subsequent discharge, lasting twenty-one minutes, there 
was an indication of a break at 0-59 volt, a perfectly definite halt 
at 0-29 to 0-25 volt, and then a rapid drop to —0-56 volt. On 
allowing the electrode to stand, the potential rose again to 0-29 
volt, at which value it remained for some time. The possible halt 
at 0-59 volt does not correspond with any known potential of the 
lead oxides, but the break at 0-29 to 0-25 volt was evidently due 
to mixtures, or more probably, solid solutions of lead monoxide, 
sesquioxide, and red lead, electromotively active with lead dioxide. 
After the discharge, a light brown coating of oxide had formed on 
the anode, and analysis showed it to contain lead monoxide and 
dioxide in the ratio of 1 : 0-85. This composition would agree with 
that of the mixture or solid solution suggested to account for the 
measured potential. 

Recharging of a Discharged Anode.—The results obtained on 
recharging a discharged anode were substantially the same as 

* Since the completion of this work in April 1922, Grube (Z. Elektrochem., 
1922, 28, 273) has reported the results of a set of experiments similar to 
those in series I. A number of the figures given are identical with those 
quoted above, but whereas Grube is apparently of the opinion that the 
potential of 0-70 volt is the beginning of a second stage which goes on gradually 


to about 1 volt, the present author, as a result of his observations, concludes 
that these two voltages represent two distinct stages of anodic reaction. 
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those obtained with a fresh anode. At small current densities, 
the lead was found to dissolve in the bivalent condition at an 
anodic potential of —0-53 volt; with higher densities, the potential 
rose to 0-7 volt, and the oxide film was dark brown. It thus 
appears that lead coated with sesquioxide or red lead will still 
dissolve in the bivalent condition at low potential, consequently 
the film formed at 0-70 volt must be the dioxide. Unfortunately, 
it was not found possible to coat a lead surface with an oxide that 
could be definitely stated to be the dioxide, in order to confirm 
the view that the second stage of anodic potential is due to lead 
dioxide. , 

Additional Experiments —By applying a fairly large current 
density, for example, 0-05 amp./cm.?, evolution of oxygen took 
place almost immediately at an anodic potential of 1-20 volts, 
rising to 1-30 volts; the intermediate stages were not observed. 
If the current density was now reduced, for example, to 0-008 
amp./em.?, the gas evolution was maintained at a potential of 
0-93 volt. Further, if the polarising current was interrupted for 
some seconds, and then renewed at a low density, insufficient to 
cause evolution of oxygen at a fresh or discharged anode, gas evolu- 
tion recommenced immediately. It appears that gas evolution takes 
place through the intermediate formation of an oxide, some of 
which would still be present on the anode even after the polarising 
current was stopped, rather than through a gas film only, which 
would have been rapidly destroyed on breaking the current. 


Series II. 

The anode used was identical with the one employed in series I, 
but the electrolyte was N-sodium hydroxide saturated with lead 
monoxide. The three different stages of anodic potential were 
again observed, oxygen being evolved only when the potential 
had risen to 0-9—1-0 volt. The latter stage was reached at a 
lower current density than in series I, probably owing to the fact 
that lead dioxide is readily deposited by the electrolysis of plumbite 
solutions, and therefore it would not be necessary to wait for the 
oxidation of the lead anode. - The following potentials were obtained 
after ten minutes’ polarisation at different current densities : 


Current density (amp./em.*) 0-006 0-017 0-03 0-09 
Potential 0-92 0-98 1-00 


On the whole, the potentials are lower than those obtained in 
series I, corresponding with the fact noted in previous work (Part V, 
this vol., p. 1469) that the unstable higher oxide decomposes more 
readily in a solution of alkaline plumbite than in alkali alone. 
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During discharge a very rapid fall of potential to 0-7 or 0-5 vok 
occurred, depending on the initial potential before discharge. 4 
definite decrease in the rate of fall occurred between 0-33 and 
0-23 volt, after which the potential fell rapidly to —0-56 volt. 


Series III A. 


The anode used was a sheet of platinum foil, 3 sq. cm. in area, 
covered with electrolytic lead dioxide which had become stabilised 
as a result of keeping in a mixture of lead monoxide and N-sodium 
hydroxide (compare Part V). The electrolyte used was N-sodium 
hydroxide, and the anodic potentials obtained after ten minutes 
polarisation at different current densities were : 

Current density (amp./cm.?) 0-002 0-007 0-015 0-03 0:06 0-2 
Potential 0-97 1-08 1-12 1:17 1-24 = 1-33 volt 

In the case of very low current densities (for example, 0-0012 
amp./cm.*), the potential gradually rose from 0-72 volt to 0-94 volt, 
evolution of oxygen taking place only at the higher voltage. No 
other overvoltage stage was observed. 

On allowing the anode to discharge after an hour's polarisation 
at a potential of 1-33 volts, the potential fell to 0-88 volt in thirty 
seconds, and therefore, as in series I, very little of the high potential 
could have been due to transfer resistance. From 0-78 volt, the 
rate of self-discharge was so small that the anode was discharged 
by short-circuiting with a Pb|PbO N-NaOH electrode of fairly 
large capacity. Halts were observed at 0-40 and 0-27 volt. On 
keeping in open circuit, the potential of the anode recovered to 
0-29 volt; both these values and the colour of the anodic deposit 
suggested the presence of lead sesquioxide. During the initial 
self-discharge, evolution of oxygen was distinctly visible at the 
anode. It should be noted that in addition to the halts observed 
with a lead anode, there is also a break at 0-40 volt; as previously 
suggested (see Part V), this may be due to an oxide of platinum. 


Series III B. 


In this series, freshly deposited electrolytic lead dioxide on 
platinum was used as anode, the electrolyte being, as _ before, 
N-sodium hydroxide. The anodic potentials were slightly higher 
than in series III B for the same current densities : 


Current density (amp./cm.’) ... 0-002 0-015 0-2 
Potential 1-18 1-36 volt 


The higher potentials are probably due to the fact that the fresh 
electrolytic dioxide already contains some of the unstable oxide 
which is responsible for the high potentials. After one hour's 


PHYSICAL CHEMISTRY OF THE OXIDES OF LEAD. PART VI. 2097 


polarisation, the rate of self-discharge was so slow as to be inex- 


5 vo poe 

ge : plicable by any other means than that of the decomposition of an 

3 aa oxide. The potential at the time of interrupting the polarising 

It current was 1-36 volts, and the subsequent potentials were : 
 ERBOG.)  acacncccsesscne 12 55 105 150 260 270 
PIE cccveccescccccnces 1-02 0-92 0-88 0-866 0-852 0-842 volt 


On allowing to discharge by short-circuiting with a Pb|PbO 
electrode, the usual halts at 0-40 and 0-30 volt were observed. 

Using the so-called hydrated lead dioxide (Wernicke, Pogg. 
Annalen, 1870, 139, 132) deposited on platinum, the results 
obtained during charge and discharge were quite similar to those 
obtained with lead dioxide deposited from lead nitrate solutions 
(compare Part V). 


Series IV. 


Series III A and B were repeated, using N-sodium hydroxide 
saturated with lead monoxide as electrolyte. The results obtained 
were almost identical with those obtained in series III, except that 
the rate of self-discharge was much greater, for example, from 


ition § 1:30 to 0-84 volts in three seconds. 
uirty In series II and IV, where the electrolyte had contained sodium 
itial § plumbite, a yellow precipitate formed round the anode during the 


passage of the polarising current. A specimen of this was washed 


rged § and dried and found to contain monoxide and dioxide in the ratio 
irly § of 1: 0-63, and to lose 10-35 per cent. of its weight on heating. 
On § This analysis agrees well with that of a mixture of Pb,O,,3H,O 
| to § and PbO,4H,O. The plumbite solution has thus been anodically 


oxidised to plumbate, and the sesquioxide precipitated as a result 


tial § of the plumbite—plumbate—hydroxyl equilibrium asserting itself 
the (Part IV, loc. cit.). Grube (Z. Elektrochem., 1922, 28, 273) has 
ved § recently observed the anodic oxidation of plumbite to plumbate; 
sly in concentrated alkali solution, the solid plumbate is precipitated. 
: Becquerel (Ann. Chim. Phys., 1843, [iii], 8, 402), Beetz (Pogg. 

Annalen, 1844, 61, 209), and Elbs and Forssell (loc. cit.) all noted 

the formation of this yellow precipitate during the direct electrolysis 
on of plumbite solutions, but although the presence of lead dioxide 
re, in some form was observed, no mention was made of the sesquioxide. 
er Jirsa (Z. physikal. Chem., 1920, 94, 1), using an alternating current 


of 49 periods, found that plumbite is oxidised to plumbate at 
various electrodes, and that lead sesquioxide is formed at palladium 
electrodes. 


Conclusion. 


Evolution of oxygen at a lead or lead dioxide anode takes place 
at almost identical potentials. In the latter case, the presence of 
VOL. CXXI. 4c 
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a higher oxide has been indicated by the slow fall of potential 
on self-discharge, whilst, in the former, the appearance of a black 
film, which is probably not the dioxide, corresponds with a sudden 
increase of anodic potential and to evolution of oxygen. From 
these two points of view, there seems very little doubt that evolution 
of oxygen at lead or lead dioxide anodes is due to the intermediate 
formation of an unstable higher oxide, which is probably present 
only in very small amounts in solid solution in the dioxide. 

Féry (J. Physique, 1916, 6, 21, 187) claimed to have proved 
that the activity of a lead accumulator is due to the presence of 
one or more higher oxides of lead. McInnes, Adler, and Joubert 
(Trans. Amer. Electrochem. Soc., 1920, 37, 641) examined the 
evidence and concluded that not only had Féry not proved that 
the activity of the accumulator is due to an oxide higher than 
the dioxide, but also he had not even shown that such an oxide 
exists. The present author has confirmed these conclusions, but 
is of opinion that the initial high #.M.F. of a lead accumulator 
obtained soon after charging may be due to an unstable higher 
oxide present only in extremely small amount. 


The author’s best thanks are due to Professor A. J. Allmand for 
his interest in this work. 
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CCLI.—The Isomerism of the Oximes. Part X. 
Cinnam- and Nitrocinnam-aldoximes. 


By Oscar Liste Brapy and Ciirrorp Dane Tuomas. 


PreEviovs work (Brady and Dunn, T., 1916, 109, 650) has shown that 
Hantzsch’s original method (Hantzsch and Miolati, Z. physikal. 
Chem., 1892, 10, 1; Hantzsch, ibid., 1894, 13, 509) for the deter- 
mination of the configuration of the aldoximes is the only satisfactory 
one. This method consists in treating the oxime with warm, pure 
acetic anhydride and subsequently decomposing the excess of 
anhydride with sodium carbonate solution. In some cases, an 
acetyl derivative is formed, which, on hydrolysis with 2N-sodium 
hydroxide, regenerates the original oxime, whilst in others the 
corresponding nitrile is produced ; occasionally, an acetyl compound 
is formed, which, however, is at once decomposed by 2N-sodium 
hydroxide, giving the nitrile (compare Wentworth and Brady, T., 
1920, 117, 1045). To the first class of oximes is given the anti- and 
to the second the syn-configuration. 


PART X. 


THE ISOMERISM OF THE OXIMES. 


On this criterion, the’aliphatic aldoximes differ from benzaldoxime 
and substituted benzaldoximes in that, as ordinarily prepared, they 
have the syn- as opposed to the anti-configuration; further, these 
syn-compounds, unlike the benzsynaldoximes, are stable and do not 
readily undergo isomeric change (compare Dollfus, Ber., 1892, 25, 
1908). Particular interest attaches, therefore, to oximes of the type 
of cinnamaldoxime in which the oximino-group is at the end of a 
chain and a benzene ring is also present in the molecule. It would 
be expected that such compounds would approximate to the aliphatic 
type, but this has not been borne out by the results now obtained. 

The oximes of cinnamaldehyde have been investigated by Bam- 
berger and Goldschmidt (Ber., 1894, 27, 3429), who showed that by 
the action of hydroxylamine hydrochloride on the aldehyde in the 
presence of aqueous sodium hydroxide a mixture of the two oximes 
was produced. These were oriented by Hantzsch’s method (see 
also Dollfus, loc. cit.), and it was shown also that the anti- could be 
converted into the syn-isomeride in the usual way through the 
hydrochloride. Beyond this, little has been done with this class 
of compound. The effect of substitution in the ring on the relative 
stability of the isomerides in the case of the benzaldoximes is so 
puzzling that the investigation of the substituted cinnamaldoximes 
has been undertaken. Contrary to expectation, it has been found 
that the oximes as usually prepared from o-, m-, and p-nitrocinnam- 
aldehydes possess the anti-configuration, and so far it has not been 
possible to obtain the syn-derivatives in the usual way. Bamberger 
and Goldschmidt’s method for the preparation of the mixture of 
cinnamanti- and cinnamsyn-aldoximes gave a low-melting product 
from which it was difficult to obtain satisfactory yields of either 
isomeride in a pure condition, and various modifications of their 
process have been tried. Whilst it has been possible to devise a 
method giving fairly satisfactory yields of the syn-compound, no 
improvement has been effected in the preparation of the anéi- 
derivative by direct oximation. In connexion with another investi- 
gation, the benzoyl derivative, obtained from cinnamsynaldoxime 
by Bornemann (Ber., 1886, 19, 1512) by the Schotten-Baumann 
reaction, was prepared. Bornemann’s work was done before the 
isomerism of the aldoximes had been observed, but his derivative 
is described in Richter’s ‘‘ Lexicon ’’ as benzoylcinnamsynaldoxime. 
When, however, this compound was hydrolysed with sodium 
hydroxide solution, it was found that, instead of cinnamonitrile, 
an oxime melting at 76° was produced. The anti-oxime extracted 
from the oximation product of cinnamaldehyde by Bamberger and 
Goldschmidt’s method was found to melt rather indefinitely at 


64—65° as stated by these authors, and it seemed at first as if a new 
402 
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isomeride had been obtained. It was found, however, that the 
oxime melting at 76° gave the same acetyl derivative and the same 
benzyl and dinitropheny] ethers as that melting at 64—65°, and that 
it was converted through the hydrochloride into the original cinnam. 
synaldoxime. Further, a mixture of the two substances melted 
between 64° and 76°, according to the proportions taken. Investi- 
gation of the method of separation employed by Bamberger and 
Goldschmidt, namely, extraction with light petroleum, showed that 
the syn-compound was appreciably soluble in this solvent when hot, 
but very sparingly soluble when cold. Under these conditions, it 
is common experience that it is a matter of considerable difficulty 
to obtain the more soluble compound pure, and there seems no 
reason to doubt that Bamberger and Goldschmidt’s anti-oxime was 
contaminated with the syn-derivative. 

Cinnamsynaldoxime is apparently quite stable under normal 
conditions. Unlike benzsynaldoxime, it is not changed into the 
anti-isomeride by traces of hydrochloric acid, and its solution in 
2N-sodium hydroxide, when heated on the water-bath for an hour 
or kept at room temperature for a week, undergoes no change, the 
syn-oxime being precipitated therefrom by carbon dioxide or by 
dilute acids. The conversion of a stable syn-oxime into the anti- 
isomeride in this way through the benzoyl derivative differs from 
all other cases of oxime isomeric change so far investigated, and 
promises interesting developments. 

Although the syn-oxime is the main product of the oximation of 
cinnamaldehyde, when the aldehyde is acted on by «-benzylhydroxyl- 
amine the anti-O-benzyl ether is almost exclusively formed; a very 
small quantity of a higher-melting product was obtained, insufficient, 
however, for further investigation. 

The carbanilino-derivatives of cinnamanti- and cinnamsyn- 
aldoxime and of the three nitrocinnamantialdoximes have been 
studied. The four anti-oximes with phenylcearbimide give carb- 
anilino-compounds which, on hydrolysis with sodium hydroxide, 
regenerate the original oximes, and therefore the anéi-configuration 
may be assigned to them. In no case is there any evidence of the 
primary formation of the syn-carbanilino-derivative as is the case 
with the action of phenylcarbimide on m-nitrobenzantialdoxime and 
on benzantialdoxime (compare Brady and Dunn, T., 1916, 109, 
669). With cinnamsynaldoxime in dry ethereal solution, phenyl- 
carbimide gives an immediate precipitate of a bright yellow carb- 
anilino-derivative which, on hydrolysis, yields cinnamonitrile. 
This compound dissolves slightly in most cold organic solvents, 
giving a yellow solution, but such solutions rapidly lose their colour, 
especially on warming, the compound being converted into a colour- 
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ss form which also yields cinnamonitrile on hydrolysis. Both 
these compounds, on keeping, decompose in a manner similar to 
other carbanilino-derivatives of syn-oximes studied by Dunn and 
one of us. 

The formation of yellow and colourless forms of the carbanilino- 
derivatives from syn-aldoximes has been observed by Goldschmidt 
and van Rietschoten (Ber., 1893, 26, 2089) in the case of carbanilino- 
anissynaldoxime and carbo-o-toluidinoanissynaldoxime, but no 
explanation of the phenomenon has been suggested. The reaction 
does not appear to be a general one, and may be an intermediate 
stage in the formation of the cyclic structure of the carbanilino- 
derivatives of the syn-oximes which has been suggested by Dunn and 
one of us (I —> II, below). 

As the shift in the absorption of oximino-compounds towards the 
visible end of the spectrum and consequent development of a yellow 
colour seem to be associated with a quinquevalent nitrogen atom 
(compare Brady, T., 1914, 105, 2104), there is some reason for retain- 
ing such a nitrogen atom in the yellow carbanilino-compound. The 
theory previously propounded involves the oxime reacting in the 
tautomeric form (I) and addition taking place at the nitrogen- 
oxygen and nitrogen—carbon double bonds. If the first stage of the 
addition is at the nitrogen—oxygen double bond, the reaction would 
take place as follows : 

on,w:c:o R-CH - R-CH—N-C,.H; 
—se HN-O-CO-N°C,H; HN-O--CO 


(IIL.) (II.) 


formula III representing the unstable yellow carbanilino-compound. 
Another alternative would be the formation of the compound IV, 
but it seems unlikely that this would readily undergo isomeric change. 
The possibility that the yellow derivative has formula IT and that 
the colourless compound is the normal carbanilino-derivative (V) 


R-CH R-CH 
C,H,-NH:CO-N:0 N-O-CO-NH-C,H; 


is open to two objections; first, there seems to be no reason why the 
cyclic compound should be coloured and, secondly, it has been 
shown (Brady and Dunn, loc. cit.) that the migration of the hydrogen 
atom in the cyclic compound and consequent reformation of the 
carbon-nitrogen double bond result in the inversion of the configur- 
ation of the resulting carbanilino-derivative. It must be confessed 
that these views are very speculative, but it is hoped to bring forward 
more experimental evidence at a later date. 

While on this question, some mention must be made of a paper 


(IV.) (V.) 
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by Atack (T., 1921, 119, 1175) in which certain statements are made 
which need refutation. This author states that ‘“‘ Brady and Dunn 
satisfactorily disposed of Goldschmidt’s supposed proof of the 
structural identity of isomeric oximes by showing that phenylcarb. 
imide gives identical compounds from both the syn- and anii. 
isomerides.” This statement is misleading, and shows a lack of 
understanding of the subject. Goldschmidt’s argument was that 
phenylearbimide would probably react differently with the two 
oximes as formulated by Beckmann, giving in one case a carbanilino. 
derivative and in the other a substituted carbamide : 
R:CH:NOH + C,H;-N:C:0 —> R-CH:N-0-CO-NH-C,H, 
R-CH-NH + C,H;-N:C{0 —> R*CH-N-CO-NH-C,H,, 
O O 

and that the latter compound would be more stable than are the 
carbanilino-derivatives of the syn-aldoximes. The work of Dunn 
and one of us showed that in certain cases “ by the action of phenyl- 
carbimide on the anti-oximes a certain quantity of carbanilino-syn- 
derivative is produced, if, indeed, this compound is not the primary 
product of the reaction.” It was found that p-dimethylamino. 
benzantialdoxime and 3 : 4-dimethoxybenzantialdoxime gave almost 
exclusively a syn-carbanilino-derivative, but under similar conditions 
o- and m-nitrobenzantialdoximes and benzantialdoximes gave a 
mixture of the anti- and syn-derivatives, and it has now been shown 
that cinnamantialdoxime and its three nitro-derivatives give anti- 
carbanilino-derivatives. This does not invalidate Goldschmidt’s 
argument against the Beckmann formula, and certainly confirms 
rather than disproves the identity of structure of the isomeric oximes. 
Indeed, it is very difficult to explain the action of phenylearbimide 
and many other reagents, unless it is assumed with Dunn and one 
of us that the oximes exist in stereoisomeric forms and also react 
ROH ang RCH 
O:NH HN:O 

The claim made in previous papers was that the use, suggested by 
Goldschmidt, of phenylcarbimide as an agent for the determination 
of the configuration of oximes was not satisfactory. Atack also 
criticises the explanation put forward of the mechanism of the form- 
ation of the syn-carbanilino-derivative from the anti-oxime. He 
objects that the suggestion is scarcely an explanation, as it merely 
assumes that phenylcarbimide first converts the anti- into the syn- 
isomeride. That such conversion takes place was the whole point 
of the argument brought forward, namely, that under the influence 
of additive reagents, for example, hydrogen chloride or phenyl- 
carbimide, the carbon—nitrogen double bond was ruptured, resulting 


in the tautomeric forms 


2103 


THE ISOMERISM OF THE OXIMES. PART X. 


in some cases in inversion of the configuration of the oxime. Experi- 
mental work bearing on this question and on other criticisms of Atack 
isin hand, and will be made the subject of a further communication. 


made 
Dunn 
f the 
learb- 


EXPERIMENTAL. 


anti- 
ck of Cinnamanti- and Cinnamsyn-aldoxime.—The original method 
that of Bamberger and Goldschmidt (loc. cit.) was slightly modified as 
: two @ regards temperature and time of reaction, as it was found that by 
ilino. this means a less resinous product was obtained. Twenty-six grams 

of freshly distilled cinnamaldehyde were added to 250 c.c. of water 

followed by 14 grams of hydroxylamine hydrochloride in 50 c.c. of 
; water and 24 grams of sodium hydroxide in 100 c.c. of water, and the 

mixture was shaken. Reaction took place at once and the oil 

dissolved as the sodium salt of the oxime. After remaining for two 
» the @ hours, the solution was saturated with carbon dioxide, the oily 
Junn | precipitated oxime extracted with ether, the ethereal solution dried 
ny. over anhydrous sodium sulphate and allowed to evaporate spontane- 
syn- ously. In this way, there was obtained a mixture of the anti- and 
nary syn-isomerides. The mixture was extracted with boiling light 
ino. petroleum, and from the decanted solvent, on cooling, crude cinnam- 
nost antialdoxime separated as a white, crystalline powder. After 


filtering off the precipitate, the petroleum was again used for extrac- 
tion of the residue, three extractions in all being given. The product 
from the last extraction was, however, much contaminated with 
the syn-oxime. The residue was then worked up for cinnamsyn- 
aldoxime by crystallisation from benzene. The crude anii-oxime 
melted in the neighbourhood of 64°, as stated by Bamberger and 
Goldschmidt, but not at all sharply. Crystallisation from light 
petroleum did not improve the purity of the compound to any 
appreciable extent. The difficulty in purification is explicable by 
the fact that cinnamsynaldoxime is appreciably soluble in boiling 
light petroleum and being less soluble than the anti-isomeride in 
the cold solvent, it separates out with it. 

The amount of anti-oxime isolated by this process was small and 


by 

on indicated that the amount present in the mixture was less than would 
50 be anticipated from its low melting point. It seemed possible that 
n- another compound was present, especially in view of the large 
Te quantity of resinous material obtained on evaporating the benzene 
ly after crystallising out the syn-oxime. The formation of resinous 
. substances seems to be a usual concomitant of reactions with 
nt cinnamaldehyde, and may be due to polymerisation under the 
e influence of alkali. It was noticed that in the absence of alkali a 
|. cleaner product was obtained (see below); no success, however, has 


attended efforts to isolate other compounds. Attempts to increase 
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the quantity of anti-oxime formed by carrying out the oximation as 
above at 0° or by acting on the aldehyde with free hydroxylamine 
in alcohol or pyridine solution were unsuccessful. 

The best method for preparing pure cinnamantialdoxime consists 
in hydrolysing benzoylcinnamantialdoxime, which may be prepared 
from the oximation mixture (see below). The benzoyl compound was 
heated on the water-bath for an hour with excess of 2N-sodium 
hydroxide, when a clear solution was obtained. After cooling, this 
was saturated with carbon dioxide, the precipitated oxime dissolved 
in a small quantity of alcohol, and the cold solution poured into 
four times its volume of water with vigorous stirring, when cinnam. 
antialdoxime separated in colourless needles melting at 76°. 

For the preparation of cinnamsynaldoxime, a modification of 
Beckmann’s method (Annalen, 1909, 365, 261) was found to be the 
most satisfactory. The aldehyde was dissolved in alcohol, and 
slightly more than one molecular proportion of hydroxylamine 
hydrochloride in concentrated aqueous solution added. After 
leaving for twenty-four hours in a stoppered bottle at room tempera- 
ture, the solution was diluted, the precipitated oxime dried, extracted 
several times with light petroleum to remove any of the anti-isomer- 
ide, and crystallised from the minimum amount of boiling benzene. 
Many solvents were tried, but benzene proved to be the only satis- 
factory one; excess of solvent must be avoided or great loss of yield 
results, as the oxime is moderately soluble in the cold benzene. 
Addition of light petroleum to lessen the solubility results in a less 
pure product being obtained. 

Benzoyleinnamantialdoxime, C,H,*CH:>CH-CH:NO-CO-C,H,.— 
Seven grams of cinnamsynaldoxime, or of the mixture of oximes 
obtained in the oximation of cinnamaldehyde, were stirred into 
28 grams of benzoyl chloride in small portions at a time, care being 
taken to avoid rise in temperature. The mixture was added to 
200 c.c. of 2N-sodium hydroxide and shaken vigorously for thirty 
minutes. The lumps which formed were broken up and left in 
contact with the alkali over-night. The solid was separated, washed 
with water, and crystallised from alcohol, when benzoylcinnamanti- 
aldoxime separated in long, white needles melting at 122° (Found : 
C = 76-3; H= 5-3. Cale., C = 75-6; H = 5-2 per cent.). This 
compound is obviously that obtained by Bornemann (Ber., 1886, 
19, 1512) and described in Richter’s “‘ Lexicon ”’ as benzoylcinnam- 
synaldoxime. 

Carbanilinocinnamantialdoxime, CHPh:CH-CH:NO-CO-NHPh. 
—Three grams of cinnamantialdoxime were dissolved in 50 c.c. of 
dry ether, 2-4 grams of phenylearbimide in 50 c.c. of dry ether added, 
and the solution left over-night in a stoppered bottle. No solid 
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gparated, so the ether was removed in a vacuum desiccator at room 
temperature. A yellow solid remained which was somewhat oily 
and was purified by crystallisation from benzene and light petroleum, 
when the carbanilino-compound separated as almost white, rect- 
angular crystals melting and decomposing at 138° (Found: N = 
10-4. C,gH,,0,N, requires N = 10-5 per cent.). 

The carbanilino-compound was hydrolysed by heating on the 
water-bath with 2N-sodium hydroxide for an hour, when almost 
the whole of the solid had dissolved; the solution was diluted some- 
what, filtered, extracted with ether to remove aniline and dipheny]- 
carbamide formed from the decomposition of the phenylcarbamic 
acid, and the aqueous solution saturated with carbon dioxide. An 
oily precipitate was obtained which was extracted with ether; 
after removing the solvent at room temperature, an oil was obtained 
which, on keeping and scratching, solidified and after crystallisation 
from light petroleum was found to be the original cinnamantialdoxime 
by its melting point and mixed melting point with that compound. 

Carbanilinocinnamsynaldoxime.—Cinnamsynaldoxime was dis- 
solved in dry ether, and phenylcarbimide (1 mol.) in dry ether added. 
Acarbanilino-compound was at once precipitated as a bright yellow 
compound. This was filtered off, washed thoroughly with ether, 
and dried on a porous plate. Thus obtained, it consisted of a bright 
yellow, micro-crystalline powder melting at 76°; it dissolved slightly 
in cold alcohol or acetone to a yellow solution which completely 
lost its colour on gentle warming. On boiling with alcohol, the 
yellow compound dissolved to a colourless solution which, on cooling, 
deposited a white carbanilino-derivative melting and decomposing 
at 84°. All attempts to crystallise the yellow compound were 
unsuccessful owing to the readiness with which it changed into the 
white derivative; however, its method of preparation makes it 
reasonable to suppose that it was fairly pure. 

Both white and yellow compounds were hydrolysed by heating 
on the water-bath with 2N-sodium hydroxide. Some ammonia 
was evolved and an oil mixed with solid remained suspended in the 
liquid. The mixture was cooled, diluted, and extracted with ether ; 
on acidifying the alkaline solution, a faint opalescence was obtained, 
but no oxime was found. The ether extract was evaporated, when 
an oil and a solid were obtained; the oil was removed by washing 
with a little alcohol, and the solid found to be diphenylcarbamide. 
The alcoholic solution was found to contain aniline and, on heating 
with 30 per cent. sodium hydroxide solution, ammonia was evolved 
and cinnamic acid obtained after acidification, indicating the 
presence of cinnamonitrile in the oil. Both yellow and white com- 
pounds, on keeping even in the dark, decompose ving saiime, 
4c 
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diphenylearbamide, and cinnamonitrile. They behave, therefore, 
in an analogous manner to other carbanilino-synaldoximes (compare 
Brady and Dunn, T., 1916, 109, 655). 

Yellow compound, Found: N = 10-5; M (by depression of freez. 
ing point of naphthalene) = 249. White compound, Found: 
N = 10-7. C,,H,,0,N, requires N = 10-5 per cent.; M = 266. 

Cinnamantialdoxime-2 : 4-dinitrophenyl Ether, 

C,gH,;-CH:CH-CH:N-0-C,H,(NO,)o. 
—Two grams of cinnamantialdoxime, extracted from the oximation 
mixture by the method of Bamberger and Goldschmidt, were dis. 
solved in 20 c.c. of alcohol together with 1 gram of 2: 4-dinitrochloro. 
benzene and heated on the water-bath; 6 c.c. of 10 per cent. sodium 
hydroxide were then added, when a dark coloration was instantly 
produced and after a few seconds the dinitropheny] ether separated. 
This was collected, washed with alcohol, in which it is very sparingly 
soluble, and crystallised from boiling acetone, when it was obtained 
as a pale yellow, crystalline powder melting and decomposing, when 
rapidly heated, at 188° (Found: N = 13-4. C,,;H,,0;N, requires 
N = 13-4 per cent.). The same compound was formed from the 
cinnamantialdoxime obtained by hydrolysis of the benzoyl compound. 

Cinnamantialdoxime-O-benzyl Ether, CHPh?:CH-CH:N-O-CH,Ph. 
—2-4 Grams of cinnamantialdoxime, obtained both from the crude 
oximation mixture and by hydrolysis of the benzoyl compound, 
were dissolved in alcohol, 0-37 gram of sodium dissolved in 
alcohol was added together with 2 grams of benzyl chloride, and 
the mixture boiled under reflux for thirty minutes. Excess of 
water was added and the oil which separated extracted with ether. 
On removing the solvent, the residue slowly solidified, and after 
pressing on a porous plate to free from oil it was crystallised from 
alcohol, when the O-benzyl ether separated in colourless, rectangular 
plates melting at 88° (Found: N = 5-9. C,,H,;ON requires N = 5-9 
per cent.). 

Equimolecular amounts of cinnamaldehyde, sodium ethoxide, 
and a«-benzylhydroxylamine hydrochloride in alcohol were left at 
room temperature for seventy-two hours. The solution was diluted 
somewhat and the solid which separated crystallised three times 
from alcohol, when cinnamantialdoxime-O-benzyl ether separated; 
it was shown to be identical with the compound prepared above 
by its melting point and mixed melting point with that compound. 

The original mother-liquor, on keeping, deposited a few crystals, 
melting at 123°, which may be the cinnamsynaldoxime-O-benzyl 
ether, but the amount was insufficient for further investigation. 
Several attempts have been made to prepare the syn-derivative by 
the action of benzyl chloride on the silver salt of cinnamsynaldoxime, 
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but without success. The silver salt rapidly blackens and in most 
eases only an uncrystallisable oil was obtained, although in one 
experiment cinnamantialdoxime-O-benzyl ether was isolated from 
the product. 

Cinnamaldoxime-N-benzyl Ether, CHPh?CH-CH:N(:O)-CH,Ph. 
—A mixture of 4 grams of cinnamsynaldoxime, 3-5 grams of benzyl 
chloride, and 1-1 grams of sodium hydroxide in alcoholic solution 
was boiled under reflux for thirty minutes. On diluting with water, 
amilky emulsion was obtained which, on vigorous stirring, deposited 
a brown, somewhat oily solid. This was separated, washed with a 
small quantity of ether, and the clean yellow solid which remained 
crystallised from alcohol, when the N-benzyl ether was obtained in 
very pale yellow, glistening plates melting at 130°. This compound 
is obviously identical with the N-benzyl ether of cinnamaldoxime 
prepared by Neubauer (Annalen, 1897, 298, 192) by the action of 
$-benzylhydroxylamine on cinnamaldehyde. 

m-Nitrocinnamantialdoxime, NO,*C,H,CH:CH-CH:NOH.—Five 
grams of m-nitrocinnamaldehyde were suspended in 100c.c. of alcohol, 
2 grams of hydroxylamine hydrochloride in a minimum amount of 
water added, followed by 30 c.c. of 10 per cent. sodium hydroxide. 
The aldehyde dissolved rapidly and after an hour the mixture was 
diluted and the oxime precipitated with dilute hydrochloric acid. 
Crystallised from alcohol, the oxime separated in yellow, rectangular 
plates melting at 157° (Found: N = 14:8. C,H,O,N, requires 
N = 14-6 percent.). Search in the mother-liquor from the crystalli- 
sation failed to show the presence of an isomeride. The oxime was 
also prepared by Beckmann’s method (loc. cit.) by warming at 60° 
equimolecular amounts of the aldehyde and hydroxylamine hydro- 
chloride for some hours in alcoholic solution. This method usually 
gives the syn-isomeride where one is obtainable, but on cooling 
the mixture and pouring into sodium carbonate solution the anti- 
oxime was again obtained. 

Acetyl-m-nitrocinnamantialdoxime, C,H ;*CH:CH-CH:N:O-CO-CH3. 
—The above oxime was dissolved in acetic anhydride at 30° and the 
excess of anhydride decomposed by the addition of a large excess 
of sodium carbonate solution. The solid which separated was 
crystallised from alcohol, when the acetyl compound separated as 
pale lemon-coloured plates melting at 136° (Found: N = 12-2. 
C,,H,,0,N, requires N = 12-0 percent.). On hydrolysis by heating 
on the water-bath with 2N-sodium hydroxide, the original oxime 
was regenerated, showing that it possessed the anti-configuration. 

m-Nitrocinnamonitrile.—Five grams of m-nitrocinnamantialdoxime 
were boiled under reflux with 25 c.c. of acetic anhydride for an hour. 


After cooling, the excess of anhydride was decomposed by shaking 
4c*2 
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with sodium carbonate solution, and the precipitated nitrile 
crystallised from alcohol with the addition of a little animal charcoal, 
m-Nitrocinnamonitrile forms pale yellow needles melting at 160° 
(Found: N = 16-2. C,H,O,N, requires N = 16-1 per cent.), 
In this preparation, it is not sufficient to heat on the water-bath as 
in many other cases for the preparation of nitriles from oximes. In 
these circumstances, the acetyl derivative of the oxime is formed, 
which is unusually stable. 
Carbanilino-m-nitrocinnamantialdoxime, 
NO,°C,HyCH°CH-CH:N-O-CO-NH-C,H;. 
—To a solution of 1-6 grams of m-nitrocinnamantialdoxime in 120 c.c, 
of dry ether, 1 gram of phenylearbimide was added. After leaving 
for two days in the dark, practically all the carbanilino-derivative 
had crystallised out in large, hexagonal crystals. These were re- 
moved, washed with ether, and found to melt and decompose at 
137°. On crystallisation from alcohol, the compound was obtained 
in pale yellow needles melting and decomposing at 140°. No change 
in configuration seems to take place during recrystallisation (Found: 
N = 13-7. C,,H,,0,N, requires N = 13-5 percent.). The compound 
was hydrolysed by heating on the water-bath for thirty minutes 
with 2N-sodium hydroxide. Aniline was recognised by its odour 
and, after cooling, carbon dioxide precipitated the original oxime. 
o-Nitrocinnamantialdoxime, NO,°C,.HyCH:CH-CH:NOH.—Equi- 
molecular quantities of o-nitrocinnamaldehyde and hydroxylamine 
hydrochloride in alcohol were heated at 60° for three hours. The 
solution was diluted with water, and the precipitated oxime 
crystallised from alcohol, when it separated as fawn-coloured, pearly 
leaflets melting at 134° (Found: N = 146. C,H,O,N, requires 
N = 14-6 per cent.). An alternative and quicker method of prepar- 
ation consisted in dissolving 5 grams of sodium hydroxide in 50 c.c. 
of water and adding thereto 2-5 grams of hydroxylamine hydro- 
chloride in a little water. The solution was then added to 5 grams 
of o-nitrocinnamaldehyde suspended in 25 c.c. of water, and the 
mixture shaken for ten minutes, when a clear orange solution was 
obtained; this was diluted with an equai volume of water, and the 
oxime precipitated with carbon dioxide. 
Acetyl-o-nitrocinnamantialdoxime, 
NO,°C,H,CH:CH:CH:N:O-CO-CHsg. 
—This compound, prepared from o0-nitrocinnamantialdoxime in 
an analogous way to the m-derivative, crystallises from benzene in 
white crystals melting at 107° (Found: N= 12-0. C,,H,,0,N, 
requires N = 12-0 per cent.). On hydrolysis in the usual way, the 
original oxime was regenerated, thus establishing the anti-configur- 
ation of the latter. 
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Carbanilino-o-nitrocinnamantialdoxime, 
C,H,-CH:CH-CH:N-O-CO-NH-C,H;. 

_—To a solution of 1-6 grams of o-nitrocinnamantialdoxime in 70 c.c. 
of dry ether, 1 gram of phenylcarbimide was added, when the liquid 
became deep yellow, but no solid separated. After leaving over- 
night, the ether was evaporated in a vacuum and a yellow oil obtained 
which soon solidified. The solid was crystallised from alcohol, when 
the carbanilino-compound separated as a bright yellow, crystalline 
powder melting at 104° and decomposing below 110° (Found : 
N= 13-7. C,,H,,0,N, requires N = 13-5 per cent.). On hydrolysis 
as in the case of the m-derivative, the original oxime was produced. 

p-Nitrocinnamantialdoxime.—This compound has been prepared 
by Einhorn and Gehrenbeck (Annalen, 1889, 253, 349), but its 
configuration has not been determined. These workers treated the 
aldehyde in alcohol with hydroxylamine hydrochloride and sodium 
carbonate. It was found, however, that a cleaner product was 
obtained by using the method of Beckmann and thus avoiding the 
presence of alkali. Although this method is usually employed 
to obtain the syn-oxime, in this case the same compound as that 
obtained by Einhorn and Gehrenbeck was formed, which proved to 
be the anti-oxime by the behaviour of its acetyl derivative on 
hydrolysis. Equimolecular quantities of the aldehyde and hydroxyl- 
amine hydrochloride were heated in alcoholic solution at 50° for 
three hours, the oxime was precipitated by dilution, and crystallised 
from alcohol. 

Acetyl-p-nitrocinnamantialdoxime.—This compound, prepared in 
the usual way, crystallises from alcohol in deep yellow octahedra 
melting at 158° (Found : N = 12-3. C,,H,0,N, requires N = 12-0 
per cent.). On hydrolysis, it regenerates the original oxime. 

p-Nitrocinnamonitrile.—This compound, prepared in an analogous 
way to the m-nitro-derivative, crystallises from alcohol in yellowish- 
brown needles melting at 202° (Found: N= 16-4. C,H,O,N, 
requires N = 16-1 per cent.). 

Carbanilino-p-nitrocinnamantialdoxime. — p-Nitrocinnamantiald- 
oxime was dissolved in dry ether, and phenylcarbimide {1 mol.) 
added. On keeping, the carbanilino-compound separated as yellow 
crystals which, after washing with dry ether and crystallising from 
benzene, melted at 133° (Found: N = 13-8. C,,H,,0,N, requires 
N = 13-5 per cent.). This compound was hydrolysed by heating 
on the water-bath with 2N-sodium hydroxide. The clear solution 
obtained was saturated with carbon dioxide, when p-nitrocinnam- 
antialdoxime was precipitated. During the hydrolysis, a small 
amount of ammonia was evolved and on acidifying the carbonate 
solution a little p-nitrocinnamic acid was precipitated. There 
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appears, therefore, to be some nitrile formed during the hydrolysis 
which is further decomposed ; as, however, almost all the carbanilino. 
derivative was hydrolysed to the oxime, there can be little doubt 
of its configuration. 


The authors wish to express their thanks to the Research Fund 
Committee of the Chemical Society for a grant which has, in part, 
defrayed the cost of this work, and to the Department of Scientific and 
Industrial Research for a maintenance grant to one of us (C. D. T.). 


Tue Ratrpx Foster LABORATORY OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. (Received, July 27th, 1922.) 


CCLIT.—The Oxime of Mesoxamide (isoNitrosomalon- 
amide) and some Allied Compounds. PartIV. The 
Ethers of isoNitrosomalonanilide, isoN itrosomalon- 
dimethylamide, and isoNitrosomalondibenzylamide. 

By ARTHUR GEOFFREY RENDALL and MARTHA ANNIE WHITELEY. 


It was shown by one of us (Whiteley, T., 1903, 83, 24) that the 
aryl-substituted derivatives of isonitrosomalonamide, notably iso- 


nitrosomalonanilide, exist in two isomeric forms, differing in colour 
and solubility but mutually convertible by heating, by the action 
of solvents, and by the action of acids on solutions of the alkali 
salts. Similar isomerism has been observed in other tsonitroso- 
compounds, a striking example being afforded by the isonitroso- 
derivatives of camphor and epicamphor, each of which has been 
shown by Forster (T., 1912, 103, 664) to exist in two forms, one 
stable and the other labile; in these cases, the isomerism has been 
shown conclusively to be stereochemical, the stable forms being 
the syn- and the labile forms the anti-oximes. Since the molecule 
in isonitrosomalonanilide is symmetrical with respect to the carbon 
atom associated with the isonitroso- or oximino-group, the iso- 
merism in this series cannot be geometrical, and must be due to 
structural differences in the molecules of the two isomerides. The 
simplest explanation, based on the fact that one isomeride is 
coloured and the other colourless, represents them as having the 
oxime and isooxime structure respectively, the coloured compound 
having the conjugated double linkage that is not present in the 
colourless isomeride (Whiteley, loc. cit.). 
PhHN *C—C 1 en HPh PhHN *C-—C—C-NHPh 
O NOH O O WHO O 


Yellow isonitrosomalonanilide. Colourless isonitrosomalonanilide. 
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If this is the correct explanation of the isomerism occurring in 
this series of isonitroso-compounds, the ethers might be expected 
to exhibit similar isomerism, the coloured isomeride yielding an 
oxygen and the colourless isomeride a nitrogen ether, and these 
on hydrolysis should yield the «- and §-alkylhydroxylamine, 


Fund respectively, as was obtained by Beckmann (Ber., 1889, 22, 
part, § 537, 1521) in the case of the isomeric benzyl ethers of benzald- 
cand B oxime. 


-T). By the action of the alkyl iodide on isonitrosomalonanilide in 
benzene solution and in the presence of dry silver oxide, colour- 
2.) less ethers were the only products and the yield was about 85 per 
cent. of that theoretically possible. The ethers were precipitated 
from the benzene medium in association with the silver iodide as 
lon- § greenish-yellow to orange solids, insoluble and stable in benzene, 
The | ether, or petroleum, but decomposed by boiling alcohol, yielding a 
lon. | olution of the ether and a residue of silver iodide. The methyl, 
d ethyl, n- and iso-propyl, and n-butyl ethers of isonitrosomalon- 
-_ anilide were prepared by this method; they are well-defined, 
RY. crystalline, colourless compounds, the melting point becoming 
the lower, but the stability of the double compound with silver iodide 
in, increasing, as the series is ascended (see table). 
ma In the preparation of the ethers of isonitrosomalondimethylamide 
ae by the same method, it was found that the methyl, ethyl, and 
cali isopropyl] ethers were insoluble in benzene, but did not form double 
ae compounds with the silver iodide, the precipitate being a grey, 
un heterogeneous mixture of the silver iodide and oxide with the 
a colourless crystalline ether. The n-propyl and n-butyl ethers, on 
ws the other hand, remained in solution in the benzene, from which 
i they were extracted by water. With the exception of the ethyl 
ng compound, the melting points of the ethers of isonitrosomalon- 
sie dimethylamide become lower as the series is ascended (see table). 
- The methyl and ethyl ethers of tsonitrosomalondibenzylamide, 
> similarly prepared by the silver oxide and alkyl iodide method, did 
pa not form double compounds with the silver iodide, but remained 


in solution in the benzene, and were isolated by evaporation of 
the solvent and subsequent crystallisation. These ethers are also 
colourless and the ethyl ether has the lower melting point (see 
table). 


M. p. of ethers of M. p.ofethersof M. p. of ethers of 


isonitrosomalon- isonitrosomalon- isonitrosomalon- 
Ether. anilide. dimethylamide. dibenzylamide. 
Methyl ......... 194° 131° 83-5° 
EE ceaentesiidie 166 133 73-5 
n-Propyl ...... 156 94 
isoPropyl ...... 170 128 
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As the ethers of these isonitroso-compounds prepared by the 
silver oxide method—that is potentially through the silver salt— 
showed no isomerism, attempts were made to prepare the methy! 
ethers by the action of diazomethane, and in the case of isonitroso. 
malonanilide the colourless ether, m. p. 194°, and also an isomeric 
yellow ether, m. p. 147° (decomp.), were obtained. The yellow 
ether is unstable and readily converted into the colourless isomeride 
by the action of solvents, whilst the converse change cannot be 
brought about. The relative amounts of the two forms of the 
ether are the same whether the yellow or colourless isomeride of 
isonitrosomalonanilide is thus methylated, but are influenced by 
the nature of the solvent in which the reaction takes place; in 
alcoholic solution, the product is a mixture of the yellow and 
colourless isomerides, whilst in ether solution the yellow ether is 
the sole product. 

All attempts to prepare the methyl ether of isonitrosomalon- 
dimethylamide by the action of diazomethane were unsuccessful. 
On adding the ethereal solution of diazomethane to the isonitroso- 
compound suspended in ether, there was a vigorous evolution of 
nitrogen, indicating that methylation was taking place, but the 
product was a syrup with a green fluorescence from which no 
definite compound could be isolated. It gave the yellow alkali 
and purple ferrous salts characteristic of the isonitroso-compounds 
of this series, and may be possibly isonitrosomalontetramethyl- 
amide, (CO-NMe,),C:-NOH, as it resembles the crude product 
obtained by the action of nitrosyl chloride on the condensation 
product of malonyl chloride with dimethylamine. 

The value of methyl sulphate as a methylating agent on com- 
pounds of the isonitroso-type was also studied; in the case of 
isonitrosomalonanilide, it was found that the potassium salt, in 
the presence of potassium carbonate, was readily converted into 
the methyl ether by the action of methyl sulphate at the ordinary 
temperature, the colourless ether, m. p. 194°, being the sole product. 

The foregoing results indicate that only those isonitroso-deriv- 
atives of the substituted malonamides that exhibit isomerism yield 
isomeric forms of ethers, for in the three cases studied, isonitroso- 
malonanilide, that exists in a colourless and in a yellow form, 
yields a colourless and a yellow methyl ether; whilst isonitroso- 
malondimethylamide and isonitrosomalondibenzylamide, known 
only in the colourless forms, yield only colourless methyl ethers. 

The extension of the investigation to the ethers of those iso- 
nitroso-derivatives of the substituted malonamides in which the 
yellow isomeride is more stable than the colourless form has led 
to such far-reaching results that these will form the subject of a 
separate communication. 
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Assuming that the difference in structure between the yellow 
and colourless ethers of isonitrosomalonanilide is similar to that 
suggested for the two forms of the isonitroso-compound itself, 
namely, that the yellow ether is the oxygen and the colourless 
ether the nitrogen ether, it might be regarded as anomalous that 
the colourless ether should be produced by the action of methyl 
iodide on the isonitroso-compound in the presence of silver oxide, 
for presumably the silver salt, (PhHN-CO),C:NOAg, would be 
formed first, and this should interact by double decomposition 
with the methyl iodide to yield the coloured or oxygen ether : 

(PhHN-CO),C:NOAg +- Mel = AglI + (PhHN-CO),C-NOMe. 

In this connexion, it is important to remember that the colourless 
ether was not obtained directly; the first product of the reaction 
was a yellow double compound of the ether with silver iodide, 
which was decomposed by boiling with alcohol. It is probable, 
therefore, that this compound is an additive compound of the silver 
salt with methyl iodide, which is stable in benzene and other non- 
hydroxylic solvents, but decomposed by alcohol to yield silver 
iodide and thé colourkésssnitrogen ether according to the equations 

. Me 
(PhHN-CO),C:NOAg —““'y. (PhHN-CO),C=N-I —> 
OAg p 
(PhHN-CO),C—NMe -+- AgI. 

The yellow or oxygen ether is the sole product when diazo- 
methane reacts with isonitrosomalonanilide in dry ether solution, 
in which solvent the yellow form of the isonitroso-compound is 
the more stable, whilst in alcoholic solution a mixture of the 
yellow O-ether and the colourless N-ether is obtained. Since, 
however, the O-ether is very unstable and readily converted by 
the action of alcoholic solvents into the N-ether, it is probable 
that the yellow or O-ether is the sole product of the reaction 
between isonitrosomalonanilide and diazomethane, the colourless 
or N-ether arising from subsequent isomerisation in the alcoholic 
solution (I). This is the more probable seeing that diazomethane 
appears to have no methylating action on the isonitroso-group of 
isonitrosomalondimethylamide, which exists only in the colourless 
or nitrogen form (II). 


(L) (PhHN-CO),C:N-OH + cH <t = N, + 
(PhHN-CO),0:N-O-CH, —> (PhHN-CO),C< 3 Ca, 


(IL) (MeNH-CO),C<} my 2CH,<h - (Me,N-CO),C< 9" 4 2N, 
(probable). 
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Hydrolysis of isoNitrosomalonanilide and its Ethers. 


It was hoped that the hydrolysis of the ethers of isonitrosomalon. 
anilide would throw some light on the structure of these compounds, 
the O- and N-ethers yielding the corresponding «- and §-alkyl. 
hydroxylamines, respectively, together with mesoxanilide : 


(PhHN-CO),C:NOR + H,O = (PhHN-CO),CO + NH,-OR 
(PhHN-CO),0< i R | 4,0 = (PhHN-CO),CO + NHR-OH 


Experiment showed, however, that isonitrosomalonanilide does not 
yield hydroxylamine, nor its ethers the alkyl derivatives of hydroxyl. 
amine, on hydrolysis. isoNitrosomalonanilide is remarkably stable 
towards hydrolysing agents, and prolonged heating with acids 
causes profound decomposition. The ethers behave like the esters 
of weak acids on hydrolysis, yielding the alcohol and isonitroso- 
malonanilide. 


(PhHN-CO),C-N-OR + H,O = (PhHN-CO),C:N-OH + R-OH 


Reduction of isoNitrosomalonanilide and its Ethers. 

It might be expected that the two forms of isonitrosomalonanilide 
would yield the same product, aminomalonanilide, on complete 
reduction, with the intermediate formation of the hydroxylamino- 
compound in the case of the coloured or O-form (I), and of the imino- 
compound in the case of the colourless or N-form (II) : 


(L) (PhHN-CO),C:NOH —> (PhHN-CO),CH-NH-OH —> 
(PhHN-CO),CH-NH,. 
NH NH 
(IL), (PhHIN-CO),C<P —> | (PhEN-CO),C< OF | _ 


(PhHN-CO),C-NH — (PhHN-CO),CH-NH,. 
On the other hand, the O-form of the ether should yield alkyl- 
oxyaminomalonanilide on partial and aminomalonanilide on complete 
reduction (III); whilst the N-form of the ether should furnish 
alkyliminomalonanilide or iminomalonanilide as the intermediate 
compound, and alkylaminomalonanilide or aminomalonanilide as 
the final product, according as water (IV) or alcohol (V) were split 
off from the unstable intermediate hydroxy-compound : 


(III.) (PhHN-CO),C-N-OR —> (PhHN-CO),CH-NH-OR —> 


(PhHN-CO),CH-NH, 
(IV.) (PhHN-CO),C:NH + R-OH —> (PhHN-CO),CH-NH, 


A 
(PhHN-CO),C<3® —> (PHN-CO),0<OH® 


v 
(V.) (PhHN-CO),C:NR + H,O — (PhHN-CO),CH-NHR. 


>a  -— 
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The behaviour of isonitrosomalonanilide and its ethers towards 
a large number of reducing agents, acid, alkaline, and neutral, was 
examined; the compounds were reduced very smoothly, but the 
results obtained failed to throw any further light on the question 
of the constitution of the original compounds; in no case could any 
pure intermediate compound be isolated, and the final product 
was always aminomalonanilide (Whiteley, P., 1904, 20, 92). 


EXPERIMENTAL. 


|._—Preparation of the Ethers of isoNitrosomalonanilide by the Action 
of the Alkyl Iodide in the Presence of Silver Oxide. 


Ten grams of isonitrosomalonanilide (1 mol.) were suspended in 
200 c.c. of dry benzene containing the alkyl iodide (3 mols.) in 
solution, 12-5 grams (1-5 mols.) of dry silver oxide were then added 
in many small portions, the mixture being well shaken after each 
addition. There was a slight rise in temperature and the formation 
of a copious yellowish-green precipitate. After remaining at the 
ordinary temperature during twelve hours, the mixture was filtered, 
the precipitated double compound of the ether with silver iodide 
drained on porous earthenware until free from benzene, boiled 
with absolute alcohol for about fifteen minutes, and filtered. The 
residue consisted of silver iodide with the slight excess of silver 
oxide, and the filtrate, on cooling, deposited the ether in a crystalline 
form, the portion remaining in solution being precipitated on 
dilution with water. The yield is about 85 per cent. of that 
theoretically possible. The solubility of the ethers in all the 
ordinary organic solvents increases with the complexity of the 
alkyl group, and they all crystallise well from formic acid. 

Methyl ether of isonitrosomalonanilide (colourless form), 


(PhHN-CO),C<)™°, is sparingly soluble in ethyl or methyl 


alcohol, ethyl acetate, benzene, petroleum (b. p. 100—120°), or 
chloroform; readily soluble in acetone, or formic or acetic acid, 
and insoluble in ether. It crystallises in stout, colourless prisms, 
m. p. 194° (Found: N = 14-18, 14:17. (C,,H,,O,N, requires 
N = 14-14 per cent.). 

Ethyl ether of  isonitrosomalonanilide (colourless form), 


(PhHN-CO),C 2 age! is soluble in cold methyl alcohol, ethyl acetate, 


acetone, or chloroform; readily soluble in ethyl alcohol, formic 
or acetic acid, benzene, or petroleum (b. p. 100—120°), and very 
sparingly soluble in ether or petroleum (b. p. 60—80°). It erystal- 
lises in wheatsheaf clusters of thin prisms, m. p. 166° (Found : 
N = 13-58. C,,H,,0,N, requires N = 13-5 per cent.). 


2116 RENDALL AND WHITELEY : 


isoPropyl ether of isonitrosomalonanilide (colourless form), 


NPré 


(PhHN-CO),C : ae closely resembles the ethyl ether in solu. 


bility. It crystallises in felted masses of very thin needles, m. p. 
170° (Found: N = 13-00. C,,H,,O,N; requires N = 12-92 per 
cent.). 

n-Propyl ether of isonitrosomalonanilide (colourless form), 
(PhHN-CO),C<PP™, is soluble in cold ethyl or methyl alcohol, 
ethyl acetate, acetone, chloroform, or benzene, readily soluble in 
formic or acetic acid, and sparingly soluble in ether, or the petrol- 
eums (b. p. 60—80° or 100—120°). It crystallises from formic 
acid in felted masses of thin, prismatic needles, or from petroleum 
in minute, stout prisms, m. p. 156° (Found : N = 12-96. C,,H,,0,N, 
requires N = 12-92 per cent.). 

n-Butyl ether of isonitrosomalonanilide (colourless form), 


(PhHN-CO),C<} Cais, is soluble in cold ethyl or methyl alcohol, 


ethyl acetate, acetone, acetic acid, chloroform, or benzene; readily 
soluble in formic acid or petroleum (b. p. 100—120°); and sparingly 
soluble in ether or petroleum (b. p. 60—80°). It crystallises in 
well-formed, thin prisms, m. p. 136-5° (Found: N = 12-60. 
Cy gH,,0,N; requires N = 12-4 per cent.). 


Il.—Preparation of the Ethers of isoNitrosomalondimethylamide by 
the Action of the Alkyl Iodide in the Presence of Silver Oxide. 


Five grams of isonitrosomalondimethylamide (1 mol.), sus- 
pended in 100 c.c. of dry benzene containing the alkyl iodide (3 
mols.) in solution, were treated gradually and with constant shaking 
with 11-5 grams (1-5 mols.) of dry powdered silver oxide. The 
mixture became warm, and after remaining for twelve hours at 
the ordinary temperature it was filtered. In the cases of the 
methyl, ethyl, and csopropyl compounds, the grey precipitate was a 
mixture of the colourless ether with the silver iodide and the excess 
of silver oxide, from which the ether was extracted by means of 
warm alcohol. The n-propyl and n-butyl ethers were not pre- 
cipitated with the silver iodide, but remained in solution in the 
benzene, from which they were extracted by means of water. The 
yield of the ether is about 80 per cent. of that theoretically possible. 

The ethers obtained by this method are colourless, crystalline com- 


pounds and are probably the isooxime ethers, (MeHN CO),C< I" , 


Methyl ether of isonitrosomalondimethylamide (colourless form), 
(MeHN-CO),C(NOMe), dissolves readily in cold ethyl or methyl 
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alcohol, acetone, ethyl acetate, formic or acetic acid, chloroform, 
or water, and is sparingly soluble in ether, benzene, or petroleum 
(b. p. 100—120°). It crystallises in stout prisms, m. p. 131° 
(Found: N = 24-36. C,H,,0,N, requires N = 24-28 per cent.). 

Ethyl ether of isonitrosomalondimethylamide (colourless form), 
(MeHN-CO),C(NOEt), dissolves readily in cold ethyl or methyl 
alcohol, ethyl acetate, acetone, formic or acetic acid, chloroform, 
benzene or water, and is sparingly soluble in petroleum (b. p. 
100—120°), and insoluble in ether or petroleum (b. p. 60—80°). 
It crystallises in well-formed, rhombic prisms having a fibrous 
fracture and melting at 133° (Found: N = 22-33. C,;H,,0,N; 
requires N = 22-4 per cent.). 

isoPropyl ether of isonitrosomalondimethylamide (colourless forma), 
(MeHN-CO),C(NOPr*), is readily soluble in the cold in all the 
ordinary organic solvents, with the exception of benzene and 
petroleum (b. p. 100—120°), in which it is sparingly soluble, and 
ether, in which it is insoluble. It crystallises in stellate clusters 
of flattened prisms melting at 128° (Found: N = 21-30. C,H,,0,N, 
requires N = 21-02 per cent.). 

n-Propyl ether of isonitrosomalondimethylamide (colourless form), 
(MeHN-CO),C(NOPr*), dissolves readily in the cold in water and 
in all the ordinary organic solvents with the exception of ether, 
in which it is insoluble. It can be crystallised from a mixture of 
amyl alcohol and light petroleum, and forms thin, prismatic needles 
melting at 94° (Found: N = 21-14. C,H,,0O,N, requires N = 21-02 
per cent.). 

n-Butyl ether of isonitrosomalondimethylamide (colourless form), 
(MeHN-CO),C(NOC,H,), is readily soluble in the cold in water 
and in all the ordinary organic solvents except ether in which it is 
only sparingly soluble, and separates in well-formed, rhombic 
prisms melting at 66° (Found: N = 20°09. C,H,,0,N, requires 
N = 19-80 per cent.). 


IIl.—Preparation of the Ethers of isoNitrosomalondibenzylamide by 
the Action of the Alkyl Iodide in the Presence of Silver Oxide. 


Only the methyl and ethyl ethers in this series were prepared, 
and the method was the same as that adopted in the case of the 
isonitrosomalondimethylamide series. The ethers, being soluble 
in benzene, were obtained by evaporation of the benzene solution 
after filtering from the silver iodide and excess of oxide.* The 


* The silver residues were found to contain an appreciable amount of 
silver cyanide. Complete analysis of the residues gave the following results. 
Ag,O = 47-5; AgI = 45; AgCN = 7-5 per cent. 
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ethers are colourless, crystalline compounds, and therefore probably 
derivatives of the isooxime series, (C,H;°CIT yNH-CO),CCPR. 


hours, washed with water to remove the sodium cyanate, and found 
to consist of a mixture of the yellow and colourless methyl ethers 
of isonitrosomalonanilide. A further quantity was obtained from 
the alcoholic filtrate on addition of water. The two ethers could 
not be separated by crystallisation, and repeated crystallisation 
from alcohol yielded the pure colourless ether, m. p. 194°. 


3 
Methyl ether of isonitrosomalondibenzylam ide, 
(C,H,-CH,-NH-CO),C(NOMe), aque 
is readily soluble in alcohol or benzene, sparingly soluble in amy] § ,t t 
alcohol, and insoluble in water or light petroleum. It crystallises § the 
from a mixture of amy! alcohol and petroleum (b. p. 40—60°) in § gnili 
slender, acicular prisms melting at 83-5° (Found: N = 1249, 
C,,H,,0,N, requires N = 12-92 per cent.). 
Ethyl ether of isonitrosomalondibenzylamide, is 
(C,H;-CH,-NH-CO),C(NOEt), qua 
is readily soluble in alcohol, ether, or benzene, less readily soluble by 1 
in amy! alcohol, and insoluble in water. It crystallises in very small, mel 
colourless prisms from petroleum (b. p. 100—120°), and melts at sul) 
73-5° (Found: N = 12-36. C,,H,,0,N, requires N = 12-4 per cent.), ord 
IV.—Methylation of isoNitrosomalonanilide by Means of Diaz. ‘ 
methane. - 
Methyl Ether of isoNitrosomalonanilide (yellow form), | 
(PhHN-CO),C:N-OMe.—l. isoNitrosomalonanilide (1-4 grams), sus- tif 
pended in 15 c.c. of dry ether, was treated with a solution of diazo- wi 
methane in ether prepared from 3 grams of nitrosomethylurethane. 
There was a vigorous action, and a bulky, yellow solid separated; 
this was filtered after twelve hours and dried on porous earthenware. 
It was found to be the pure yellow methyl ether of isonitrosomalon- 
anilide ; it melts at 144° and decomposes at 150° (Found : N = 14-2. 
C,gH,,0,N, requires N = 14-14 per cent.). It is readily soluble in | 
all the ordinary organic solvents, with partial conversion into the 
colourless isomeride. Repeated crystallisation from ethyl alcohol 
converts it completely into this isomeride, m. p. 194°. 
2. Two grams of isonitrosomalonanilide (either the yellow or the f 
colourless form) and 1 gram of nitrosomethylurethane were dis- ‘ 
solved in 15 c.c. of absolute alcohol that had been dried with diazo- ° 
methane; 10 c.c. of a 2-3 per cent. solution of sodium ethoxide in ; 
absolute alcohol were then added gradually. There was a vigorous ' 
reaction, which was moderated by external cooling, nitrogen was 
evolved, and a solid separated. This was filtered after twelve ; 
' 
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vy—Methylation of isoNitrosomalonanilide by Means of Methyl 
Sulphate. 


Excess of methyl sulphate was added to an alcoholic solution of 
the pure potassium salt of isonitrosomalonanilide containing an 
aqueous solution of potassium carbonate. Methylation occurred 
at the ordinary temperature and was complete in a few hours. ‘ 
The product was the colourless methyl ether of isonitrosomalon- 
anilide, m. p. 194°. 


»bably 
R 


VI.—Reduction of isoNitrosomalonanilide and its Ethers. 


isoNitrosomalonanilide or its methyl or ethyl ether is readily and 
quantitatively reduced to aminomalonanilide, (PhHN-CO),CH-NH,, 
by the action of (a) zinc dust and glacial acetic acid, (6) aluminium- 
mercury couple in moist ether or moist alcohol, (c) ammonium 
sulphide in alcoholic solution; the reduction being effected at the 
ordinary temperature. Aminomalonanilide crystallises from alco- 
hol in brilliant, flattened prisms melting at 146° (Found : N = 15-68. 
C,;H,;O.N, requires N = 15-6 per cent.). 


m), In conclusion, we tender our thanks to the Department of Scien- 
us- tific and Industrial Research for a grant to one of us (A. G. R.) 
z0- which has enabled this investigation to be carried out. 
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’ SoutH Kensrneton, 8.W.7. [Received, July 27th, 1922.] 
re. 
n- 
2. 
in CCLIII.—Adsorption and Catalysis in Fuller's Earth. 
- By Eric KeteutLtey RipeEat and WILLIAM THOMAS. 
0 

In the bleaching of edible oils by means of fuller’s earth, it has 

e frequently been noticed that the various types of earth employed, 
‘ namely, Florida, Surrey, and Somerset, are not equally effective 
’ as colour-removing agents. This difference is not due to the 
1 variety of earth employed, since the order of efficiency in which 
; the earths may be placed varies with the nature of the oil. 


Evidently there is some other factor to be considered in addition 
to the direct adsorption of the colouring matter. The extensive 
use of oxidising agents for palm-oil bleaching, which may be 
fat-soluble oxidants such as benzoyl peroxide, or fat-insoluble 
substances such as the dichromates, or air in the presence of 
fat-soluble catalysts as in the case of manganese oleate (compare 
Rai, J. Soc. Chem. Ind., 1917, 36, 948), indicates that some colour- 
removal during the treatment with the fuller’s earth may in part 
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be due to a catalytic activity of the earth as an oxidising agent, 
the source of oxygen being the adsorbed air in the fresh material, 
It was considered of interest to investigate whether the catalytic 
properties of the various grades of earth were dependent on their 
adsorptive capacities, and how these in turn were related to their 
specific surfaces. 


EXPERIMENTAL. 


Specific Surface——The relative specific surfaces of the sample 
of three varieties of fuller’s earth derived from Florida, Surrey, 
and Somerset, respectively, were determined by means of an 
elutriator previously calibrated with standard barium sulphate. 

One gram of each earth was fractionated in the elutriator, and 
the amounts driven over at different flow rates were collected, 
dried, and weighed. The relative specific areas of each fraction 
were calculated from the average of the mean diameters of a number 
of grains in each portion. The results obtained were as follow. 


Florida Earth. 
Head of Amount Average Total 
water in driven Amount diameter Relative relative 
mm. over. per cent. in mm. surface. surface. 
3 0-0950 9-50 0 — 0-092 206 
= 0-046 
5 0-1268 12-68 0-092 — 0-122 118 
= 0-107 576 
7 0-1946 19-46 0-122 — 0-162 136 
= 0-143 
Residue 0-5842 58-42 0-5 116 
Surrey Earth. 
3 0-8230 82-30 —- 1800 
5 0-0400 4-00 -= 37 
: 1874 
7 0-0228 2-28 - 16 
Residue 0-1065 10-65 _ 21 
Somerset Earth. 
3 0-4403 44-03 — 957 
5 0-2165 21-65 — 202 
1327 
7 0-2000 20-00 — 140 
Residue 0-1432 14-32 — 28 


It is evident that there are marked differences in the relative 
specific surfaces, the order in decreasing fineness being Surrey, 
Somerset, and Florida, standing in the ratios 2°35: 2°13:1, the 
last comparing unfavourably with the other two. 

Adsorptive Power.——For the rapid attainment of equilibrium in 
adsorption it was necessary to select some material which not 
only exhibited marked positive adsorption, but at the same time 
did not have a high penetration coefficient. In investigating the 
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atalytic activity of the earths, the period of investigation was 
restricted to a few hours and the reaction was such that the micro- 
pores in the material were in all probability either filled with water 
or oxygen gas, the catalytic surface being confined to the exterior 
and the surface of the macropores. To obtain comparable values 
fom experiments on adsorption, the material should be strongly 
adsorbed on the surface of the exterior and of the macropores, 
and penetrate but slowly, if at all, into the micropores; as sub- 
stances most suitable to fulfil these conditions, malachite-green 
and methylene-blue were employed. It was found, however, 
that with the former the comparison of the intensities of colour 
in the tintometer could not be carried out with any high degree 
of accuracy. With methylene-blue, on the other hand, utilising 
a yellow filter for the illuminating beam, the green tints of the 
various dye solutions could be accurately compared with those 
of standard solutions of the dye. In each experiment, 200 c.c. 
of a solution of known concentration of the dye were agitated 
with 1 gram of earth, and the residual concentration after forty- 
eight hours’ contact was determined with the aid of the tintometer. 
The following results were obtained : 


Adsorbent. 

Grams of dye Z ~ ~ 

in 200 ec.c. of Florida. Surrey. Somerset. 

original solution. 2. c. 2. e. 2. Cc. 
0-0818 0-044 0-037 all traces all traces 
0-1638 0-053 0-111 0-105 0-059 0-097 0-067 
0-3276 0-067 0-261 0-146 0-182 0-112 0-216 
0-5062 0-078 0-428 0-192 0-317 0-121 0-385 
0-6492 0-084 0-566 0-223 0-426 80-125 0-524 
0-9850 0-089 0-896 0-273 0-712 0-136 0-849 
1-1248 0-091 0-034 0-283 0-941 0-139 0-986 
1-2662 0-090 =0-176 0-289 0-977 0-140 1-126 


x = amount of dye adsorbed. 
c = grams of dye in 200 c.c. of solution at equilibrium. 


The earths thus differ very markedly in their adsorptive powers 
for methylene-blue, the Surrey earth being extremely effective 
and the Florida relatively poor. The order of the earths in adsorp- 
tive power is thus identical with the order of the specific surfaces 
as determined by the elutriator. 

On plotting the values of log. x/c as a fraction of the adsorbed 
quantities, x, according to the adsorption isotherm of Williams 
(Proc. Roy. Soc., 1919, [A], 96, 287), approximately linear relation- 
ships are obtained satisfying the following equations : 


Florida _—log.4) x/e = 1°212 — 25°72. 
Somerset log.i9 x/c = 2°524 — 24°52. 
Surrey log.49 w/e = 0°383 — 3°2z. 
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Since the relative adsorption of the methylene-blue falls of 
with increasing concentration of the solution, the relative adsorptiy. 
powers for the different earths can be expressed in numerical forn 
by solving the above equations for the case where the bulk cop. 
centration of the solution is equal to the amount adsorbed pe 
gram of earth, that is, log. x/c = 0. 

The equilibrium concentrations for equipartition of the methylene. 
blue between solvent and adsorbent are as follow: Florida, 
0°0471 gram per 200 c.c.; Somerset, 0°1030 gram per 200 c.c.: 
Surrey, 0°1197 gram per 200 c.c., giving a ratio of 1 : 2°18 : 24 
closely parallel to the ratios of the specific surfaces. 


Florida. Surrey. Somerset. 
a ¢ ———— ¢ —, 

Volume Volume Volume 
Time in of oxygen of oxygen of oxygen 
minutes. collected. kx 105. collected. kx 105. collected. k x 105 
30 20-05 2-22 22-50 2-39 4-80 0-53 
60 42-50 2-67 ‘41-90 2-40 10-06 0-56 

90 60-00 58-30 2-29 14-98 0-54 
120 78-85 74-00 2-32 19-99 0-55 
150 95-00 87-90 2-30 24-96 0-55 
180 108-50 100-95 2-30 29-89 0-55 
200 116-10 109-28 2-32 

210 — 
240 131-25 
300 150-0 a 
330 — — — 59-48 
400 173-5 . 166-18 2-28 — 
420 — — — 69-25 
540 193-4 . 185-00 2-14 88-40 


—_——— 


bo te ho by ty 


-- — 34-91 0-56 
125-00 2-33 39°86 0-57 


143-00 2-31 


to ty 


Mean Va 232 2-51 2-31 
(excluding the 
first value.) 


Catalytic Properties—It was noted that fuller’s earth exerted 
a catalytic action on the decomposition of hydrogen peroxide, 
and a comparison of the catalytic properties of the three varieties 
of earth was carried out with this material. The comparison was 
effected in the following manner. 

Fifty c.c. of a solution of pure hydrogen peroxide (perhydrol) 
of strength 14:08 grams per litre (equivalent to 232 c.c. of oxygen) 
and 2 grams of the earth were kept in violent agitation by means 
of a stirrer rotating at the speed of 720 r.p.m. in a large boiling- 
tube immersed in a thermostat at 244°. The oxygen evolved was 
collected in a gas burette, the water-jacket being maintained at 
the same temperature as the thermostat by means of a water- 
circulation pump. 

The reactants were neutral to litmus and a blank control yielded 
a negligible amount of oxygen (0°6 c.c. in 210 minutes). The 
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reaction velocity coefficients were calculated from the expression 
for @ unimolecular surface reaction, dx/dt = k(a—zx), to the 
Napierian base and the second as unit of time. The observed 
rate of oxygen evolution and the values of the reaction velocity 
eoeficients calculated from the smoothed curves are shown in 
the table on p. 2122. 

Evidently, the catalytic effects are in no way related to the 
specific surface or to the adsorptive power for methylene-blue. 
With such a differentiation in properties, a possible explanation 
for the anomalous effects of the various earths on the bleaching 
of oils suggests itself—colour bleaching is in part due to adsorption 
and in part produced by catalytic oxidation. 

Since the catalytic properties are independent of the surface 
extension, it seemed probable that there exists in the material 
some specific oxidation catalyst, in all probability iron. The 


x 105, ; 

0-53 § analyses of the three earths gave the following results. 
D-56 

)-54 Adsorbed 

)-55 Earth. water per cent. Iron as Fe,O3. 
55 BRN i cicccccscccces 7-64 6-98 

55 EIR sntierebisenins 14-25 6-40 


— @§  ££§§8omerset ............ . 3-15 


+56 
say It will be noted that the adsorbed water runs closely parallel 
59 both to the specific surface and to the adsorption of methylene- 
a blue, whilst the iron contents are in the same order as their catalytic 
74 activities, the ratios of the Surrey to the Florida (1: 1°09) being 
7 identical with the ratio of the catalytic activities of these two 
" earths. In the case of the Somerset earth the iron content is in 
excess of that anticipated from the catalytic activity, but it will 
be noted in this case that the velocity coefficient shows a continuous 
rted increase in value, indicating an increasing activity on the part of 
ide, J the iron. 
wae Summary. 
— The three typical varieties of fuller’s earth—Florida, Surrey, 
rol) and Somerset—are widely different in specific surface, adsorption, 
en) and catalytic activities. The adsorption of methylene-blue from 
ans | *dueous solutions is approximately proportional to the specific 
ng- surfaces of the earths (neglecting porosity, if any), whilst the 


catalytic activities in the decomposition of hydrogen peroxide 
are not dependent on the adsorptive power. The iron content of 
the fuller’s earth may be the governing factor in the catalysis. 
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CCLIV.—The Solubility of Phenanthrene in Various 
Organic Solvents. 


By Hersert HeEnstock. 


In connexion with some work on the bromination of phenanthrene, 
it was found necessary to obtain accurate data with respect to 
the solubility of the hydrocarbon in suitable solvents. So far, 
no very detailed measurements of this kind seem to have been 
made. Hildebrand, Ellefson, and Beebe (J. Amer. Chem. Soc., 
1917, 39, 2301) describe experiments on the solubility of a number 
of compounds, one of which was phenanthrene, at 25°; in 100 
grams of each of the following solvents the quantities of phen. 
anthrene dissolved were: Ethyl alcohol, 4-91; benzene, 59-5; 
carbon disulphide, 80-3; carbon tetrachloride, 26-3; ethyl ether, 
42-9; hexane, 9-15 grams. More particular determinations have 
now been carried out at temperatures between — 10° and + 30°. 
The phenanthrene employed was recrystallised from ether in 
plates, melting at 101°, which were found to belong to the triclinic 
system (Kirby, J. Soc. Chem. Ind., 1921, 40, 2747), and portions 
of this product were again crystallised from each solvent in which 
the solubility was to be determined, and were then dried at 25° 
for three or four hours. The following liquids are arranged in 
the order of their usefulness as crystallising media for phenanthrene : 
ether, light petroleum, ethyl alcohol, methyl alcohol, glacial acetic 
acid, acetone, carbon tetrachloride, chloroform, carbon disulphide, 
and benzene. Provided that the sample of phenanthrene is already 
fairly pure, it separates from ether in very pure, white, glistening 
crystals: the last four are all about equal as solvents, but they 
do not greatly improve the purity of the product. The density 
of phenanthrene is less than that of chloroform, carbon disulphide, 
or carbon tetrachloride, and greater than that of the other liquids. 
All the solvents were purchased as chemically pure, but before 
use they were dried, over suitable desiccating agents, for three 
days and then distilled in bulk, the first and the last thirds of the 
volume being rejected, and the middle portion redistilled until a 
suitable fraction, having the correct boiling point, had been obtained. 
The ether was well washed with water before being subjected to 
the above treatment. Benzene and glacial acetic acid were 
frozen and the well-drained crystals remelted. The two alcohols 
were distilled over a little metallic sodium as a final precaution. 
The apparatus employed was one similar to that used by Bronsted 
and Petersen (J. Amer. Chem. Soc., 1921, 43, 2265) in their work 
on the solubility of metal-ammonium salts. The modifications 
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PHENANTHRENE IN 


TABLE I. 


Lr LOUS Solubility of Phenanthrene. 
Temperatures. 
Solvents. —10°. —5°. 0% 5° 10% 15°. 
Methyl alcohol ...............00ess000- i) 0-60 1:20 1:80 2-40 3-00 
light petroleum, b. p. 60—85° ... 0-8 1-60 2-40 3-20 4-00 5:00 
hrene, Mithyl alcohol .........+...s+s-ssese+e00- 1:75 2:25 275 326 3-77 4-28 
ect to Mllacial acetic acid ..........-...++++0+ --- — — a ~~ 5-00 
Carbon tetrachloride .................. 5-50 610 7-60 9-80 12-66 15-80 
«(iia ai a RON 12:20 14-80 17-44 20-64 23-84 30-64 
IEE 5 eudicsunsieehptithasgacpnioenha 15-70 20-00 25-50 31-02 36-54 42-50 
8 SED SEINE 21-20 22-70 25-50 29-60 34-30 39-90 
ROC — — — 29-86 36-66 44-06 
imber Carbon disulphide ...................+. 21-60 28-84 37-32 45-88 54-48 63-28 
1 100 20°. 25°. 30°. 35°. 40°. 
dhen- H Methyl alcohol ..............00200000+ 3-60 4:20 4-80 
59-5: oa petroleum, b. p. 60—85° ... 660 840 10-60 
WME GEOOEIOE iccccscecccacsccsescesssces 4:30 550 5-81 
ther, ff Glacial acetic acid ..................--. 5-80 660 7:80 9-20 11-20 
have @ Carbon tetrachloride .................. 19-00 22-50 26-20 
90° Bp Ether sssssessesssesssessesssesseessessees 36-78 43-22 50-42 
PII = 5 sn ciuiieeuineanewenniinwnabes 51-94 63-50 77-46 
PS IL. suscccsenasdsdercdbevennniones 46-60 54-60 64-20 
linic DT. -whtunsnhesnuiminaummnaiaeasdoous 51-70 60-32 69-68 
Carbon disulphide ..................+++ 72-08 80-92 89-82 
ions 


introduced were an extra paddle on the stirring rod and, in the 
top of the tube, a rubber stopper having a hole through the centre, 
into which a piece of glass tube, of the same length as the stopper, 


was fixed as a bearing for the stirring rod; this was lubricated with 
tie 9 2 little glycerol. The stopper, which could be raised or lowered 
de, | ™ the rod, to permit the introduction of solute or the removal of 
dy solution, was also bored with a side hole, which carried a ther- 
ng § mometer reading to 0-1°; a similar thermometer was placed in the 
ey thermostat bath. At temperatures between — 10° and 0°, freezing 
ty mixtures of ice and salt were used, from 0° to 10° a large volume 
le, § of water, suitably cooled by ice, and above 10° a gas-regulated 
3, § thermostat. From 0° upwards, the temperature could be kept 
re § constant to within 0-1° with very little trouble, but below 0° a 
. § Single freezing mixture did not remain at a given temperature 
e § longer than about twelve or fifteen minutes; fresh mixtures were 
3 therefore made at this interval of time and the apparatus was 
1 transferred as rapidly as possible to the new mixture as soon as 
) its temperature became constant. The only practicable method 
of determining the quantity of phenanthrene dissolved was found 
j 


to be that of evaporating the solvent from a weighed amount of 
the solution and weighing the solid residue. A portion of the 
saturated solution was removed in a pipette, similar to that described 
by Chattaway and Lambert (T., 1915, 107, 1766), which was 
allowed to come to a temperature of 15° and weighed; the solvent 
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was evaporated slowly in a porcelain basin at 25°, the residue heated 
for fifteen minutes at 60°, allowed to cool, and weighed. In order ty 
make sure that no phenanthrene was lost by this method, a furthe 
quantity of solvent was added to the solid, and its solution effected - 
on repetition of the evaporation and subsequent heating, no loss or 


discoloration was noticed. 
Fic. 1. 
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(1) Carbon disulphide ; (2) Acetone; (3) Benzene; (4) Chloroform; (5) Ether; 
(6) Carbon tetrachloride ; (7) Light petroleum; (8) Glacial acetic acid; (9) Ethyl 
alcohol; (10) Methyl alcohol. 

In preliminary experiments with each solvent, the time of stirring 
necessary to ensure saturation at temperatures up to 0° was found 
to be about two hours; between 0° and 15°, the time was about 
one and a half hours, and above 15° an hour sufficed: carbon 
disulphide, chloroform, benzene, and acetone required about half 
an hour extra in each case to become saturated. 

Table I gives the solubility in grams of phenanthrene in 100 
grams of each of the various solvents at the temperatures indicated. 

These numbers represent the mean of three experiments at each 
temperature; the deviation of single experimental results from 
these figures at the lower temperatures was not more than 0-2 gram 
and at higher ones not more than about 0-5 gram. 
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These results are plotted in Fig. 1. 

The solubilities at 25° in those solvents mentioned by Hilde- 
brand, Ellefson, and Beebe (loc. cit.) are in fair agreement with 
their numbers, excepting in the case of carbon tetrachloride, for 
which the number was about 14-5 per cent. less than theirs. This 
discrepancy is much too great to be explicable by any of the ordinary 
arors of experiment. The whole of the work with this solvent 
was therefore carefully repeated with fresh solvent and solute, 
without, however, any radical alteration in the numbers obtained ; 
but in order to check the method, a different one was devised and 
carried out. The procedure adopted was to heat 100 grams of 
the solvent to 10° above the temperature at which the solubility 
was required, and to make an almost saturated solution, weighing 
the quantity of phenanthrene dissolved, and then to cool the 
olution by 10° and keep it in a thermostat at that temperature 
for two to four hours: part of the solute crystallised out and was 
rapidly filtered off by suction through a funnel previously brought 
to the temperature of the solution. After complete drying, the 
weight of this solid was subtracted from the total quantity of solute 
wed. Two complete determinations were made at each 5° between 
+ 30° and — 10°; the mean of the results is shown in Table II. 


TaBe II. 
Grams of phenanthrene Grams of phenanthrene 
Temperature. held in solution. Temperature. held in solution. 
26-42 5° 12-30 
23-50 0 9-70 
20-45 —5 8-80 
17-40 —10 8-00 
15-10 
The broken curve (6) in Fig. 1 shows the relationship of these 
figures to those obtained by the direct method. At 30°, the two 
meet, but below that temperature there is steadily increasing 
divergence. This modus operandi was also employed with the 
ther solvents, but in some cases the rapid evaporation of the 
liquid during filtration coupled with the large quantity of the 
solute prevented the acquisition of accurate results. Those examined 
showed no regular divergent curves; some of the numbers for ethyl 
alcohol are : 


Temperature 30° 425° 20° «15° ~= = 10° 
Grams of phenanthrene held in solution. 5-90 5-25 4:82 4:20 3-75 


They are in close agreement with those given by the first method 
(ee Table I). This peculiarity of carbon tetrachloride is as yet 
inexplained. 

Peddle and Turner (T., 1913, 103, 1202) show that the degree 
of association of salts in solution is one of the factors governing 
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solubility; they also state that a solvent like ethyl alcohol permits 
neither marked association nor ionisation. Since phenanthrene 
is not an ionisable substance, especially in saturated solution, it 
is evident from a consideration of Table I that the condition of 
the hydrocarbon, in solution in methyl or ethyl alcohol, light 
petroleum, or glacial acetic acid, must be almost normal, with 
little or no association amongst its molecules, especially when the 
low and great regularity of solubility is examined. Association 
in the remaining solvents must be much greater than in the pre. 
ceding cases, approaching more nearly to that of the solvent as 
the temperature rises. For each solvent, with the possible excep. 
tion of chloroform, there should be a temperature, below — 10°, 
at which phenanthrene becomes insoluble; this was reached only 
with methyl alcohol at — 10°. Chloroform is an anomalous sub. 
stance with respect to solubility (see Peddle and Turner, loc. cit.), 
The relationship between observed solubility and molecular 
percentage solubility, calculated on 100n/N, where n and N = mole. 
cules of solute and solvent, respectively, is well defined in the 
first three liquids; the figures for methyl alcohol are typical. 
Temperature —10° -—5° 0° 5° 10° =615° 20° 25° = 30° 


Mol. per cent. 0 0-106 0-217 0-325 0-435 0-550 0-653 0-761 0-871 
Difference ... 0-106 0-111 0-112 0-110 0-115 0-103 0-108 0-110 


(See Table I for observed solubilities. ) 


The difference is a constant quantity in both cases. The figures 
for the remaining solvents show a similar relationship, but the 
values increase with rise of temperature. 

The curves (Fig. 1) for carbon tetrachloride, ether, and acetone 
show marked breaks at 0°, 10°, and 15°, respectively, which point 
to some change in the solvents or solutes at those temperatures, 
and in this connexion Turner (T., 1911, 99, 880) states that misci- 
bility of two substances is possible when both are normal or both 
associated, but that solubility is limited when one substance is 
normal and the other associated. The points referred to, there- 
fore, probably indicate a sudden alteration in the association of 
the molecules of phenanthrene, which will tend to bring the mole- 
cular association of solvent and solute nearer together, causing 4 
sharp rise in solubility. 


The author tenders his thanks to the Research Fund Committee 
of the Chemical Society and also to the Government Grant Com- 
mittee for grants in aid of the work. 
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CCLV.—The Isomerism of Metallic Oxides. Part I.. 
Lead Monoxide. 


By Matcotm PercivaL AppLeBEY and Ropert Doveias Rel. 


LEAD MONOXIDE occurs naturally in two crystalline forms, litharge 
and massicot, which are yellow and red, respectively. These can 
also be obtained in the laboratory by artificial means. It has been 
long known that the red form can be converted into the yellow by 
heating and the yellow into the red by long-continued action of light 
at the ordinary temperature. The difference between the two forms 
has been attributed by many investigators to polymorphism, the 
red being regarded as the more stable form at the ordinary temper- 
ature and at all temperatures up to a transition point which has not 
been precisely determined. This explanation is supported by the 
difference of density of the two forms observed by Geuther (Annalen, 
1883, 219, 56) and by Ruer (Z. anorg. chem., 1906, 50, 265), whose 
observations agree in ascribing the lower density to the red form, 
although their actual values are somewhat widely divergent (Geuther, 
red 9-13, yellow 9-29; Ruer, red 9-37, yellow 9-52). Ruer also 
determined by a conductivity method the solubility of the two forms 
in water, which he found to be 1-00 x 10~* gram-equiv. per litre for 
the yellow form and 0-56 x 10“ for the more stable red form. 
Solubilities determined by the conductivity method for substances 
like litharge are not very trustworthy, but the values for the two 
forms probably give a fairly correct idea of the relative solubility. 

The crystallographic evidence also points to polymorphism. 
Nordenskiold (Pogg. Ann., 1861, 114, 619) determined the form of 
the yellow modification to be rhombic bipyramidal and that of the 
red to be tetragonal. Larsen (U.S.A. Geol. Survey Bull., 1921, 
679, 105), working both with mineral forms and with laboratory 
products, confirmed Nordenskiold’s conclusions, and found, more- 
over, that the yellow form is always biaxial and positive in its action 
on polarised light, whilst the red is uniaxial and negative. 

The explanation of these differences as due to polymorphism has 
recently been attacked by Glasstone (T., 1921, 119, 1689, 1914). 
Using preparations of lead monoxide obtained by the action of alkali 
of various strengths on solutions of lead salts, he has found, both by 
gravimetric and electrometric measurements, approximately identical 
solubility for lead oxide preparations irrespective of their colour, 
and has drawn the conclusion that the differences of colour are due, 
not to polymorphic change, but to variations of the state of division 
of the substance. The change of red to yellow on heating is attri- 
buted to formation of larger agglomerates, which on rubbing will 

VOL, CXXI. 4D 
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break down again into a reddish-brown powder, consisting of particles 
rather smaller than the original red form. The crystallographic 
evidence is regarded as indecisive and that from density and from 
solubility, determined by conductivity, is rejected for the reasons 
stated above. 

Methods for the preparation of both the red and the yellow varieties 
in the form of definite crystals of fair size had already been worked 
out in this laboratory, and experiments on their solubility relations 
were being developed at the time when Glasstone’s papers appeared, 
It was therefore at once apparent to us that Glasstone’s theory could 
not be correct. Any differences of property which could be measured 
could not be due to differences in the state of division when both 
forms could be obtained in plainly visible crystals. There seemed 
also an inherent improbability in the view that the change from 
yellow to red could be effected by light if the change simply consisted 
in alteration of the size of particle. This argument has also been 
brought forward by Baly (Ann. Reports, 1921). We have, however, 
thought it advisable to carry out solubility measurements both by 
gravimetric and electrometric methods with the crystalline oxides, 
following Glasstone’s procedure in every detail, before expressing 
ourselves as satisfied with the polymorphism theory. These deter- 
minations have now definitely shown that the two forms have 


widely differing solubilities and are perfectly distinct and different. 
We have drawn the conclusion that the results obtained by Glasstone 
are possibly due to the fact that none of his methods of preparation 
gave a pure red oxide, with the result that all his solubility deter- 
minations gave values approximating to the solubility of the yellow 
form which was present. 


Methods of Preparation. 


The methods used in the preparation of crystalline lead monoxide 
are based upon experiments made by Lambert in the course of his 
researches on the corrosion of lead (T., 1915, 107, 210). We are 
greatly indebted to him for much information and advice in carrying 
out the preparations, and also for providing us with a specimen of 
his purest redistilled lead, which we have used as an electrode in 
the electrometric measurements to be referred to later. The method 
consists in the dehydration of Kahlbaum’s purest lead hydroxide 
by digestion with strong potassium hydroxide solution at temper- 
atures approaching the boiling point. The operation is performed 
in a small flask fitted with an air-condenser, at the upper end of which 
is a soda-lime tube to prevent the formation of carbonate. The 
hydroxide goes into solution in considerable quantity when the 
temperature is raised, and, on slowly cooling, the oxide is deposited 


tticles 
‘aphic 

from 
asons 


‘leties 
orked 
itions 
ared, 
could 
sured 
both 
emed 
from 
‘isted 
been 
ever, 
h by 
‘ides, 
ssing 
eter- 
have 
rent. 
stone 
ution 
eter- 
low 


METALLIC OXIDES. PART I. LEAD MONOXIDE 2131 


in a well-crystallised form. Which form is obtained depends on 
the concentration of the alkali, high concentrations giving the red 
form, moderate concentrations the yellow, and low concentrations 
apparently a black or steel-grey variety which is similar in form 
to the yellow oxide and has not yet been subjected to detailed 
investigation. The rate of cooling is also not without effect on the 
product, rapid cooling favouring the yellow form. The following 
table summarises these observations. 


TABLE I. 


Preparation of lead monoxide. 


Normality 
of KOH. Colour. Crystalline form. 


15 Red Square plates. 
Tetragonal, uniaxial, —ve. 


Mixtures of red and yellow, 
10 Yellow Needle-like, rhombic, bipyramidal, 
biaxial, -+ ve. 
Varying shades of green o” 
3 Steel-black m 

The red crystals produced by this method show a beautiful iri- 
descence when in contact with their mother-liquor. If the conditions 
are carefully adjusted, microscopic examination’ shows no trace of 
the lemon-yellow needles. When shaken up with water, the solution 
is quite clear and gives no indication of the existence of ultramicro- 
scopic particles. There can therefore be little doubt that we are 
here dealing with a pure substance. Both the red and the yellow 
forms were analysed for peroxide content and showed only a negli- 
gible quantity (0-67 per cent. in the yellow and 0-63 per cent. in the 
red). 

With regard to the black form, the appearance of which certainly 
suggests either lead suboxide or metallic lead, we are not in a position 
to make any definite statement. It may be a third variety of the 
oxide, or it may possibly be a yellow form which has in some way 
suffered superficial reduction. We record, however, an interesting 
observation we have made as to the action of sunlight on the yellow 
needle form. Two samples were exposed to light for a period of 
nine months, the one in a vacuum and the other in a tube exposed 
to the air. Both were largely transformed into the steel-grey and 
not into the red form, whilst identity of behaviour showed that 
atmospheric oxygen could have played no part in the change. A 
similar blackening has been observed by Renz (Z. anorg. Chem., 
1921, 116, 62), and is attributed by him to the photochemical 
dissociation of the oxide and the formation of metallic lead. 

Mr. T. V. Barker has kindly made a microscopic examination of 


the red and yellow modifications and reports :—‘‘ The colour of thie 
4D2 


‘ 
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first is extremely variable, passing from red through brown to light 
yellow. It crystallises in square plates which exhibit a negative 
uniaxial figure in convergent light, and the system is therefore 
presumably tetragonal. The second modification, which is uniformly 
yellow when freshly prepared, crystallises in elongated, strongly 
doubly refracting plates with straight extinction. The ray vibrating 
parallel to the direction of elongation has the greater refractive 
index, so that even if the system be tetragonal (which is in doubt) 
the sign of the double refraction is positive. The two forms, then, 
exhibit distinctly different optical properties and must be held to 
present a true case of dimorphism.”’ 

We have determined the densities of the red and yellow oxides, 
taking care to remove all traces of occluded air in a vacuum desiccator. 
The values, 9-27 for the red and 8-70 for the yellow, are quite distinct, 
although, strange to say, the difference is in the opposite direction 
to that observed by Geuther and Ruer (loc. cit.). 

If the yellow crystalline form is ground in a mortar, a brownish- 
red powder is obtained. The change of colour, attributed by Glas- 
stone to fineness of division, is, in our view, to be explained as a 
change to the red, stable form, analogous to the change of the 
unstable yellow form of mercuric iodide to the stable red form under 
similar treatment. 

If the black form of oxide is ground, it first becomes yellow and 
then reddish-brown. On further violent grinding, streaks of bright 
red are plainly visible under the pestle, but it seems impossible, 
probably owing to mechanical difficulties, to reduce the whole mass 
to this condition. If, however, the finely ground material is shaken 
in a tube with water and allowed to settle, the deposit shows an 
interesting gradation of colour from black at the bottom to scarlet 
at the top. The red form is here, then, undoubtedly the ultimate 
product of grinding and has the smallest particle. Every investi- 
gator so far has shown it to be the least soluble, a fact which does not 
support any theory connecting the solubility with size of particle. 


Solubility Determinations. 


Gravimetric M ethod.—The solubility of the two forms was measured 
in solutions of sodium hydroxide prepared according to the method 
of Ming Chow (J. Amer. Chem. Soc., 1920, 42, 458) and was standard- 
ised with hydrochloric acid of constant boiling point. It was found 
that during the electrolysis of sodium hydroxide solution, in the 
former preparation, the temperature had to be kept below about 
60°, otherwise black “‘ mercurous oxide’? wasformed. The solutions 
were placed in contact with pure well-crystallised specimens of the 
oxide and stirred by a slow current of purified air as recommended 
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by Glasstone in order to avoid the abnormalities due to fracture of 
erystals which easily occur with more violent agitation. The results 


refore in Table II show that, in the case of the red form, no supersaturation 

‘ormly § ofect is observed and the solubility rises towards a constant maxi- 

rongly mum. With the yellow form, there is initial supersaturation due to 

rating fineness of particle. It is clear, however, from the results that final 

active equilibrium is only obtained bysuch methods after a very considerable 

7 time. Further experiments of much longer duration are shown in 
en, 


Table III. In these experiments there was no continuous stirring, 
but the containing tubes were inverted each day. The solutions 
were analysed by precipitation of the lead with sulphuric acid, 
the solubility of the lead sulphate being reduced by the addition of 
as much alcohol as could safely be used without throwing out sodium 
sulphate, which is very sparingly soluble in strongly alcoholic 
solutions. 

It was found that alcohol to the extent of 25 per cent. of the final , 
mother-liquor could be safely employed; the amount of lead 
unprecipitated being then very slight. 


TaBLeE II. 


Solubility of lead monoxide in N-sodium hydroxide with stirring by 
slow air-stream at 20-0°. 


- and 
right Time Conc. Time Cone. 
: Form. (days). (Gram-mol./litre). Form. (days). (Gram-mol./litre). 
sible, f Red 3 0-0104 Yellow 3 0-0344 
mass 5 0-0116 7 0-0289 
8 0-0126 

aken 11 0-0132 3 0-0359 
7 2 0-0088 8 0-0263 
arlet 2 0-0085 
nate 4 0-0099 

. 6 0-0105 
esti- 


not TaBe III. 
Solubility of lead monoxide in N-sodium hydroxide, without stirring, 
at 20-0°. 
d Time Conc. Time Conc. 
ire Form. (days). (Gram-mol./litre). Form. (days). (Gram-mol./litre). 
hod Red 4 0-0185 Yellow 5 0-0376 
ad 7 0-0149 7 0-0334 
10 0-0165 9 0-0342 
und 5 months 0-0138 5 months 0-0240 
the ” 0-0136 ni 0-0233 
a 0-0145 ao 0-0239 
out Mean final value for the yellow oxide in N -NaOH 0-0237 gram-mol. /litre. 
ons ” ” ” ” red ” ” ” 0-01 ” 
the 


These experiments show definitely that the yellow form is nearly 
twice as soluble in N-sodium hydroxide as the red form, the actual 
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ratio (1‘7: 1) agreeing well with the ratio of the solubilities in wate 
(1°8: 1) determined by Ruer (loc. cit.). 

Electrometric Method.—These were made by means of a Gambrelj 
potentiometer reading to 0-0001 volt. It was calibrated against 
resistance boxes correct to 1 in 20,000. A cadmium cell was 
made in the usual manner and compared with a standard cell 
made by Gambrell. For the lead electrode the pure metal was 
melted under hydrogen, and a previously prepared platinum 
electrode dipped in it while in the molten state. The subsequent 
procedure was identical with that recommended by Glasstone. The 
standard alkali electrode described by Donnan and Allmand (T., 
1911, 99, 845) was used to complete the cell. Throughout the 
experiments the electrodes were tested against three freshly prepared 
calomel electrodes, and any deviation from the value given by the 
authors was introduced as a correction. We have therefore some 
record of the working of this standard cell over a considerable period 
and the results are not without interest. The type of vessel used 
was exactly as described, with a three-way tap. 

The mercuric oxide was prepared by heating Kahlbaum’s pure 
mercuric nitrate. The cells in all #.M.F. experiments were placed 
in a thermostat kept at 20° within 0-05°. 


TABLE IV. 
E.M.F. of cell Hg/HgCl in KCl! solution/HgO in NaOH solution /Hg. 


Donnan Donnan 
and Normality and Normality 
E.M.F. Allmand’s of electro- Age EH.M.F. Allmand’s of electro- 
. (volt). value. lytes. (days). (volt). value. lytes. 
0-1504 0-1504 1-00 9- 0-1505 0°1504 1:00 
0-1507 . 0-1505 
0-1503 
0-1391 
0-1393 *7 00-1397 
0-1398 ‘6 0-1398 


0-1500 . 0-1472 
0-1501 ° 0-1474 
0-1502 ; 0-1474 


It will be seen from Table IV that the electrode behaved very 
well and can evidently be kept for very long periods without suffering 
appreciable change. In the two cells shown by an asterisk, however, 
the value is very much lower than normal]; this was found to be due 
to the fact that a little undecomposed nitrate was present in the 
mercuric oxide. It is evident that this source of error must be 
carefully guarded against in setting up the standard alkali electrode. 
Table V shows the readings obtained with a cell where the liquid 
was stirred by an air-current. The process of solution, although 
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irregular, shows no tendency to exhibit supersaturation, the 2.M./. 
slowly decreasing and the solubility therefore increasing. Bubbling 


1 Water 


imbrel] § was in all cases stopped some time before making the reading in 
against § order to avoid any oxygen electrode effect. 
I] was 


TABLE V. 
E.M.F. of cell Hg/HgO in N-NaOH/Red PbO in N-NaOH/Pb, 


with stirring. . 


rd cell 
al Was 
itinum 


>quent Age (days). E.M.F. Age (days). E.M.F. 

The 0 0-6920 8 0-6859 

d (T 1 0-6885 10 0-6868 

” 2 0-6876 13 0-6847 

it the 3 0-6873 14 0-6827 

pared : ; 15 0-6828 
VY the 


some 
reriod 
used 


Without stirring, approximately constant minimum values of 
E.M.F. for the red oxide, 0-6758, 0-6755, 0-6768 volt, were obtained at 
from four to seven days. These correspond with a state of super- 
saturation, after which the #.M.F. steadily increases over a long 
period to its constant value. As with the gravimetric experiments, 
the solutions were left for five months at 20° in contact with the solid, 
after which, on being placed in the cells, they gave definite values for 
the H.M.F. in the course of several days. 


pure 
laced 


TABLE VI. 


E.M.F.’s of cells Pb/PbO in N-NaOH/HgO in N-NaOH/Hg with 
five months’ old solution of PbO in N-NaOH, without stirring. 


ctro- 
°s. Yellow form. Red form. 
10 0-6735 0-6807 
0-6735 0-6806 
0-6734 0-6810 
0-6735 0-6806 
0 0-6733 0-6808 
0-6811 
Mean 0-6734 Mean 0-6808 
The difference between the ultimate solubilities of red and yellow 
forms is represented by an H.M.F. of 0-0074 volt. The differ- 
ery ence which would be predicted from the gravimetric solubilities, 
"ing namely, 0-0140 and 0-0237 gram-mol. per litre, by the expression 
yer, RT |nF . log c/c’ is 0-0066 volt. 
due The ratio of solubilities of the yellow and red forms by the 
the electrometric method is thus in good agreement with the gravimetric 
be determinations. 
de. Table VII shows some of the more important constants which can 
nid be derived from the measurements made. A column of Glasstone’s 


results for what he regards as the single oxide is added for com- 
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parison. He worked at 25°, and corrections have been introduced 
according to the temperature coefficient which he gives. It will 
be seen that his values for the first three quantities (dependent on 
each other) fall between those we have obtained for the two forms, 
They approximate to the values for the more soluble or yellow form, 
as might be expected were he dealing with a mixture. The evalu. 
ation of the dissociation constant for the amphoteric plumbous 
hydroxide, as an acid, involves a knowledge of the solubility of lead 
monoxide in water. Ruer, from his conductivity measurements, 
gives the two values, 0-50 x 10 and 0-28 x 10“ gram-mol. per 
litre, which have been used in our calculations. Pleissner (Arb. 
Kaiser. Gesundh., 1907, 26, 384) gives a whole series of values, by 
the same method, varying from 0-077 x 10° to 0-403 x 10°%. He 
does not differentiate at all clearly between the two forms, and it 
seems fairly certain that he was dealing with mixtures. Glasstone 
uses one of the values, 0-26 x 10-3, for his calculation. 


TABLE VII. 


Various constants at 20°. 
Red Yellow Glasstone’s 
form. form. form. 
E.M.F. of electrode Pb/PbO in 
N-NaOH. volts. 0-5668 0-5594 0-562 
Pb” conc. in N-NaOH, gram-ion 0-90 x 107% 1:80 x 10-% 1-6 x 10-% 
r litre. 
Solubility product [Pb ][OH’]? 0:47 x 10-15 0-91 x 1075 0-82 x 10-% 


Dissociation constant of Pb(OH), 0-33 x 10-7 0-39 x 10™ 13 x 10" 
as an acid. 


Summary. 


1. The necessary conditions for preparing the yellow and red 
varieties of lead monoxide in well-crystallised forms have been 
explored. 

2. The solubilities of the two forms in N-sodium hydroxide have 
been measured both gravimetrically and electrometrically. The 
solubility of the yellow form at 20° is about 1-8 that of the red form. 

3. The evidence from solubility and from examination of crystal- 
line form shows clearly that the yellow and red forms are polymorphic 
modifications. 

4. The standard alkali electrode, Hg/HgO in N-NaOH, has shown 
itself to be easily reproduced and constant over long periods. 


InorRGANIC CHEMISTRY LABORATORY, 
OxFoRD, [Received, August 8th, 1922.] 
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HYDROLYSIS OF $8’-DICHLORODIETHYL SULPHIDE. 


Synthesis of Divinyl Sulphide and the Preparation 
of a Non-vesicant Isomeride of BB’-Dichlorodiethyl 
Sulphide. 


By Stpney Hartiey BaAtzs and STANLEY ARTHUR 
NICKELSON. 


DuRING an investigation on the behaviour on keeping of impure 
g8’-dichlorodiethyl sulphide, prepared by the sulphur chloride- 
ethylene process, it was found necessary to study the hydrolysis 
of the purified substance. 

After hydrolysis with 20 per cent. alcoholic potassium hydroxide, 
it was found that the product had a pronounced odour of garlic 
and that, on distilling off the alcohol, the odour was confined to 
the distillate, the residue being practically odourless. On pouring 
the alcoholic distillate into water, a clear, colourless, light oil 
separated. After thorough washing with water and drying over 
calcium chloride, the yield of oil was about 26 per cent. of the weight 
of 68’-dichlorodiethyl sulphide taken. Using 20 per cent. alcoholic 
potassium hydroxide, the same yield was repeatedly obtained. 
The liquid was found to distil very largely at 83—87°. Further 
fractionated, the bulk of the liquid distilled at 85—86° and had 
di¥ 0-9174. On keeping in stoppered glass vessels, the liquid 
polymerised in upwards of forty-eight hours to an opaque jelly, 
somewhat soluble in boiling carbon disulphide, but insoluble in 
alcohol, ether, benzene, carbon tetrachloride, or chloroform. 

Helfrich and Emmet Reid (J. Amer. Chem. Soc., 1920, 42, 1219) 
state that when 6§’-dichlorodiethyl sulphide is acted on with 
sodium ethoxide, the product is not s-diethoxydiethyl sulphide, 
as they anticipated, but an easily polymerisable liquid which they 
surmised might be divinyl sulphide, thus :— 


S(CH,°CH,Cl), + 2NaOEt —> S(CH:CH,), + 2NaCl + 2EtOH. 


Furthermore, they state (loc. cit.) that on hydrolysis of $8’-di- 
chlorodiethyl] sulphide with caustic alkali in 50 per cent. alcohol, 
a small quantity of a heavy oil is obtained which they surmise 
might be a polymeride of divinyl sulphide. In neither case, how- 
ever, was the investigation pursued further. 

This observation has been confirmed by us, and the heavy oil 
(yield about 2-5 per cent. of the weight of §8’-dichlorodiethyl 
sulphide taken) is under investigation. In these circumstances 
(hydrolysis with 20 per cent. sodium hydroxide in 50/50 alcohol- 


water), no light oil was obtained. 
4p* 
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According to Beilstein and Richter, divinyl sulphide boils at 
101° and has d 0-9125. The only authority for these constants 
that could be found was Semmler (Annalen, 1887, 2441, 92), who 
describes the properties of divinyl sulphide which he obtained 
from natural sources (Allium ursinum). The density given is in 
fair agreement with that obtained for the product of hydrolysis 
of 88’-dichlorodiethyl sulphide above, but there is wide discrepancy 
in the boiling points obtained. 

Concentrated nitric acid acts upon the liquid (as upon the 
polymeride) with extreme violence (Found: S = 36-84, 37-15. 
C,H,S requires S = 37-23 per cent.). 

Vapour density determinations (V. Meyer) on the freshly distilled 
liquid gave molecular weight results which were in substantial 
agreement with the theoretical value for divinyl sulphide. Actually 
these results were 2—3 per cent. higher than the theoretical (86-1). 
This is no doubt due to slight polymerisation of the liquid during 
the experiment. 


A Non-vesicant Isomeride of 88’-Dichlorodiethyl Sulphide. 


Divinyl sulphide should add on two molecules of hydrogen 
chloride, giving a dichlorodiethyl sulphide, probably the ««’-com- 


pound : 
201 


S(CH:CH,), ——> S(CHCI-CH,),. 

Boiled with concentrated hydrochloric acid under reflux, the 
liquid under discussion blackens and apparently complete decom- 
position follows. When dry hydrogen chloride, however, is passed 
into the liquid (distilling at 83—87°), the gas is absorbed quietly 
and readily without appreciable evolution of heat. It is sufficient 
that the absorption vessel be immersed in cold water. Twenty- 
five grams of liquid absorbed 19 grams of hydrogen chloride in 
about five hours, that is, an absorption of about 90 per cent. of 
the theoretical. Owing to the slowing down of the rate, no attempt 
was made to obtain theoretical absorption. The liquid thus 
obtained was distilled under reduced pressure. A clear, colourless 
liquid having a most pungent, objectionable, and persistent odour 
and distilling at 58—61°/15 mm. was obtained. The yield from 
25 grams was 35 grams, that is, about 75 per cent. of the theoretical. 
By careful redistillation, a product was obtained, b. p. 58-5— 
59-5°/15 mm., di} 1-1972. 

From the smoothness and ease with which the hydrogen chloride 
was absorbed, it would seem highly probable that simple addition 
occurred, whilst the sharpness of boiling point of the product, 
which was repeatedly obtained, indicates that the product is a 
simple substance. 
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The additive compound reacts violently with nitric acid. The 
chlorine is readily removed by alcoholic alkali (Found: S = 20-06, 
0-18; Cl = 44-20, 44:22. C,H,CI,S requires S = 20-16; Cl= 
44-60 per cent.). This substance, which appears to be devoid of 
vesicant properties, no precautions being taken while handling it 
without any discomfort being experienced, decomposes on dis- 
tillation at atmospheric pressure with the evolution of copious fumes 
of hydrogen chloride, liquid distilling between 120° and 145°. 

Further work on the hydrolysis of $8’-dichlerodiethyl sulphide 
and on the properties and reactions of divinyl sulphide, particularly 
with regard to the action of halogens and halogen acids, is in 


progress. 


The authors wish to express their thanks to the Director of 
Artillery for permission to publish this note, and to the Director 
of Chemical Inspection, Mr. G. H. Perry, O.B.E., B.Se., F.1.C., 
for the critical interest he has taken in the work. 


DIRECTORATE OF CHEMICAL INSPECTION, 
Royat ARSENAL, WOOLWICH. [Received, August 19th, 1922.] 


CCLVII.—Monothioethylene Glycol. 
By GEorGE MacpoNALD BENNETT. 


A MORE detailed study has now been made of the physical and 
chemical properties of monothioethylene glycol, the isolation of 
which was recently recorded (T., 1921, 119, 422). It had been 
prepared in a very impure condition by Carius (Annalen, 1862, 124, 
257), who stated that it was not completely miscible with water 
and that when heated at 100° it was decomposed with evolution of 
hydrogen sulphide. The substance is actually completely miscible 
with water, and when in a state of purity, in particular of freedom 
from all trace of mineral acid, it may be distilled almost without 
decomposition at the ordinary pressure; the vapour density, 
determined under a pressure of half an atmosphere at 158°, is normal. 

The mercaptides of a series of metals with monothioethylene 
glycol have been prepared. They are remarkable for their low 
melting points and ready solubility in warm water and a number 
of organic solvents. 

Decomposition of the hydroxy-mercaptan in the manner described 
by Carius does not occur under any conditions. On the other hand, 
in the presence of mineral acids decomposition occurs more or 
less rapidly according to the temperature, with production of white 


polymeric ethylene sulphide of high molecular weight similar in 
4p*2 
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properties to the substances described by Léwig and Weidmany 
(Annalen, 1840, 36, 321) and Mansfeld (Ber., 1886, 19, 696). Dilute 
hydrochloric acid induces this decomposition, the mechanism of 
the action in this case being indicated by the fact that hot con. 
centrated hydrochloric acid converts monothioethylene glycol in 
a few seconds into the corresponding $-chloroethyl mercaptan, 
CH,CI-CH,’SH. This is an unstable substance which decomposes 
readily in the moist condition with production of white polymeric 
ethylene sulphide. It is decomposed by prolonged washing with 
cold water, but when dry it may be distilled undecomposed at the 
ordinary pressure. It shows the high degree of chemical and 
physiological activity characteristic of the simple §-chloroethy| 
sulphur derivatives. 

In the ease with which the hydroxy] group of monothioethylene 
glycol is replaced by chlorine by the action of hot fuming hydro. 
chloric acid, it shows a close resemblance to 68’-dihydroxydiethyl 
mono- and di-sulphides, the properties of the hydroxyl group in 
this respect being rather those of a tertiary than of a primary 
alcohol group. 

A number of other derivatives of monothioethylene glycol are 
under investigation. 


ExPERIMENTAL. 


Physical Constants of Monothioethylene Glycol. 


A slight modification was found desirable of the method of 
preparation of the mercaptan given previously (loc. cit.), the 
presence of acetic acid in the product being avoided by diminishing 
the quantity of acid used so as to leave the solution to be extracted 
with ether just alkaline with sodium hydrosulphide. Before 
determination of the densities and other physical constants, the 
substance was repeatedly distilled under diminished pressure in a 
current of pure carbon dioxide until the refractive index was no 
longer affected. 

The pure substance has a faint odour, but it acquires a more 
pronounced and characteristic odour on keeping: it boils at 
55°/13 mm. and with slight decomposition at 157—158°/742 mm. 
(Found : S = 41-3. Calc., S = 41-04 per cent.). 

The following values of the density were found: df = 1-131, 
di — 1-1230, d® = 1-1143, which may be reproduced from the 
equation di. = 1-1317 — 0-00087¢. 

The liquid is completely miscible with ether, benzene, or water. 
The mixture with an equal weight of water shows a contraction of 
1 per cent. in volume, as compared with 3 per cent. in the case of 
ethyl alcohol and water. 
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The following values of the refractive index were observed : 
i = 14963, np = 1.4996, nz” = 15079, n@ = 1-5151, from 
which the molecular refractivities were calculated as follow: 
[Rz]a = 20-49 (20-51), [Rz]p = 20-61 (20-65), [Az], = 20-90 (20-90), 
and [Rz], = 21-15 (21-16), in good agreement with the values in 
brackets calculated from the constants of Eisenlohr and of Price and 
Twiss (T., 1912, 104, 1259). 

The viscosity of the liquid, determined by comparison with 
water in an Ostwald viscometer at 20°, was 0-0322 C.G.S. units. 

Molecular Weight in Solution and as Vapour.—The following 
values were found by the cryoscopic method in benzene solution : 
79-3 (1 per cent. concentration), 84-5, 90-5, 94-5 (5 per cent. con- 
centration), whilst in aqueous solution a constant value was observed 
of 75—76 (Calc., 78-1). 


rag Vapour density determinations by the Victor Meyer method at 

mae the boiling point of aniline failed owing to a slight decomposition 

, VIE of the substance. Determinations were made by the method of 
in 


Bleier and Kohn in dry carbon dioxide gas under a pressure of 
0-6 atm., and the molecular weight of the vapour was found to 
be 77-0, 78-3 (Cale., M = 78-1). 


Mercaptides Derived from Monothioethylene Glycol. 


An extended series of mercaptides has been obtained hitherto 
only from ethyl or methyl mercaptan. The derivatives of mono- 
thioethylene glycol with a number of metals were isolated, those 
of mercury, lead, bismuth, and antimony being obtained by the 
interaction of the oxide of the metal and the mercaptan, in the 
presence of alcohol where necessary, whilst those of copper, gold, 
silver, platinum, nickel, and cadmium were obtained by precipi- 
tation in aqueous solution, sodium acetate being added to remove 
free mineral acid. All the compounds (except the antimony 
derivative) are more or less soluble in hot water and alcohol. 
Several, particularly the mercury and the bismuth compounds, 
when treated in aqueous solution with hydrogen sulphide, give 
rise with great ease to colloidal sols of the metal sulphide of con- 
siderable concentration and stability. 

Carius (loc. cit.) prepared the mercury compound and also 
observed precipitates with lead, silver, copper, and zinc solutions. 
His description of them does not agree with the results obtained 
in the present investigation. This was, however, to be expected, 
since his specimen of the mercaptan (which was not distilled) was 
far from pure, as is shown by his statement that it was not miscible 
with water. The mercury compound was probably the only simple 
derivative of the mercaptan which he obtained in a state of purity. 
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In a recent paper (J. Amer. Chem. Soc., 1922, 44, 634), Rosen 
and Reid refer to a mercurous compound of m. p. 108°, but no 
analysis is quoted of what would be a novel type of mercaptide. 
The only mercury compounds to be described here are the normal 
mercaptide of the formula Hg(S-C,H,-OH), and the mercurichloride, 
OH-CH,:CH,°S:HgCl. 

Mercury compound, Hg(S-C,H,OH),, large silvery plates, m. p. 
123°, from alcohol or warm water. Soluble in warm acetone or ethyl 
acetate (Found: Hg = 56-9. Cale., Hg = 56-7 per cent.). The 
aqueous solution gave no precipitate with solutions of sodium 
hydroxide or potassium iodide. With hydrogen sulphide, a col. 
loidal sol of the sulphide was formed, which was at once coagulated 
on addition of ammonium nitrate solution. 

Mercurichloride, OH-CH,°CH,°S:HgCl, a white solid melting 
indefinitely at 135—140°, obtained by precipitation of an alcoholic 
mercuric chloride solution with the mercaptan (Found : Hg = 63-4. 
C,H,OCISHg requires Hg = 64-1 per cent.). 

Lead compound, Pb(S°C,H,°OH),, orange plates, m. p. 110°, from 
alcohol, closely resembling lead iodide in appearance (Found: 
Pb = 56-0. C,H, 0,8,Pb requires Pb = 57-4 per cent.). 

Cuprous compound, CuS-C,H,°-OH, a white solid which became 
discoloured on exposure to light. This substance, and others 
mentioned below where no melting point is recorded, decomposed, 
when heated, without melting (Found : Cu = 43-9, 43-8. C,H,OSCu 
requires Cu = 45-15 per cent.). When a cold solution of a cupric 
salt was treated with the equivalent weight of the mercaptan, 
a yellow precipitate was formed of the cupric compound, but 
this was not isolated pure. On heating with an excess of the 
mercaptan, it was converted into the cuprous compound described 
above. 

Silver compound, AgS-C,H,°OH, white solid sparingly soluble in 
cold water (Found: Ag = 57-6, 57-2. C,H;OSAg requires Ag = 
58-3 per cent.). 

Aurous compound, AuS-C,H,°-OH, a pale yellowish-grey solid 
soluble in hot water (Found: Au = 71-5. C,H,OSAu requires 
Au = 71-9 per cent.). When the mercaptan was added to an 
excess of a cold solution of auric chloride, a chocolate-brown 
precipitate was formed which could not be isolated pure, but was 
doubtless an auric compound (compare Heumann, Ber., 1905, 38, 
2813). When the solution was heated with an excess of the 
mercaptan, the aurous compound was obtained. 

Platinous compound, Pt(S*C,H,°OH),, a pale greenish-grey solid 
sparingly soluble in hot water (Found: Pt = 55-6. C,H,,0,S,Pt 
requires Pt = 55-87 per cent.). With an excess of cold platinic 
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Rosen § chloride solution, the mercaptan gave a yellow precipitate containing 
ut noff a platinic compound. 

ptide, § Cadmium compound, Cd(S-C,H,°OH),, a white, crystalline solid 
ormal @ melting with decomposition at 139°, soluble in warm water (Found : 


(d = 41-9. C,H,,0,8,Cd requires Cd = 42-3 per cent.). 

Nickel compound, Ni(S-C,H,-OH),, dark brown needles from hot 
water (Found: Ni = 27-3. C,H, 90,S,Ni requires Ni = 27-6 per 
cent.). The mercaptan gave with a solution of zinc acetate a white 
precipitate and with cobalt acetate a purplish-brown, amorphous 
precipitate, the surface of the solution becoming covered with a 


col. § skin having a greenish-gold, metallic appearance, but no definite 
lated § compound of zine or cobalt was isolated in a pure condition. 

Bismuth compound, Bi(S-C,H,°OH),, lemon-yellow needles, m. p. 
Iting § 79°, from alcohol or ethyl acetate, soluble in cold water, sparingly 
holic # soluble in boiling ether or benzene (Found: Bi == 49-1, 49-8. 
3-4. § C,H,,0,8,Bi requires Bi = 47-4 per cent.). 


Antimony compound, Sb(OH)(S°C,H,°OH),, colourless crystals, 
m. p. 131°, obtained by warming the mercaptan with antimonious 
oxide, diluting the solution with alcohol, and allowing to crystallise. 
The compound is very sparingly soluble in all solvents except the 
warm monothioethylene glycol itself (Found: Sb = 41-7; M, by 
Rast’s method in molten camphor, = 340. C,H,,0,8,Sb requires 
Sb = 41-2 per cent.; M = 291). 

Calcium compound, Ca(S:C,H,OH),, a white solid obtained by 
adding dry ether to the mercaptan in which calcium metal has 
been dissolved at 100° (Found : Ca = 20-9. C,H, 90,S8,Ca requires 
Ca = 20-6 per cent.). 

Monosodium compound, NaS-C,H,-OH, white, crystalline, de- 
liquescent solid obtained by the action of metallic sodium on the 
mercaptan in dry ether or toluene (Found : Na = 23-2. C,H;OSNa 
requires Na = 23-0 per cent.). 

Disodium compound, NaS-C,H,°ONa, a cream-coloured, homo- 
geneous, crystalline powder was obtained by evaporating to dryness 
an absolute alcoholic solution containing the calculated weights of 
the mercaptan and sodium metal, and finally heating the solid 
to 150° under reduced pressure to remove alcohol (compare prepar- 
ation of disodium compound of glycol, Vorlinder, Annalen, 1894, 
280, 181). The substance is very deliquescent and very readily 
soluble in alcohol or water (Found: Na = 37-2. C,H,OSNa, 
requires Na = 37-7 per cent.). 

Potassium compound, KS-C,H,°OH, a deliquescent, white solid 
from metallic potassium and the mercaptan in dry ether (Found : 
K = 33-3. C,H;OSK requires K = 33-6 per cent.). 
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Action of Acids on Monothioethylene Glycol. 


It had already been observed that monothioethylene glycol, left § Mon 
with dilute hydrochloric acid, was converted into a polymeric § jloric 
ethylene sulphide (Bennett, loc. cit.). This action was slow at room § yids 
temperature and with dilute mineral acids, but when the mercaptan, § ,mout 
mixed with an excess (five times its volume) of 50 per cent. aqueous 
sulphuric acid, was heated to the boiling point, the solution rapidly 
became turbid by the separation of clear oily drops, which at once An 
became opaque, and a bulky, white precipitate filled the liquid. of cor 
A trace of a volatile substance having a penetrating smell was for fir 
also produced, which may be the unpolymerised ethylene sulphide turbic 
recently isolated by Delépine (Compt. rend., 1920, 171, 36). The wash 
filtrate from the white solid (A) thus obtained gave, on further gC 
heating, a white precipitate (B) which showed slightly different W pe 
properties from those of A. Similar results were obtained when (1 = 
phosphoric acid was used in place of sulphuric acid. These sub- ob. 
stances, A and B, are insoluble in all the usual solvents and are with 
similar in properties to the amorphous polymeric ethylene sulphides follo 
described by Léwig and Weidmann and by Mansfeld (loc. cit.), but r 
difficulties of characterisation leave it uncertain whether identical Ty 
substances (or mixtures) are in question. They were found to be with 
soluble in molten camphor, and therefore cryoscopic measurements kept 
were made by Rast’s method (Ber., 1922, 55, [B], 1051) :— g. 

A. White solid, melting rather indefinitely at 193—197° (Found: adi 
S = 53-0; M, in camphor, = 1430, 1760, 1420). turk 

B. White solid, melting indefinitely at 177—180° (Found : S = sepe 


52-8; M = 1720. C,H,S requires S = 53-3 per cent.; M = 60). 

A and B were distinguished chiefly by their different behaviour 
on heating. A decomposed on dry distillation to give a yellow oil 
of unpleasant odour, whilst B gave a considerable sublimate of the 
well-known crystalline diethylene disulphide of m. p. 112° and 
b. p. 200° (Found: S = 53-5. Cale., S = 53-3 per cent.). Neither 


A nor B yielded this substance when heated in phenol by the method b ; 
described by Mansfeld (loc. cit.) and by V. Meyer (Ber., 1886, 19, y 
3262). The molecular weight determinations are a rough indication a 
of a high degree of polymerisation. The assumption made by = 
Mansfeld, that since .his polymeride must be of higher molecular tt 
weight than diethylene disulphide its formula was (C,H,S)s, is os 
clearly unjustifiable.* wk 
* A substance volatile in steam and having m. p. 113° and cornposition 
corresponding to (C,H,S), was described as triethylene trisulphide by Sir 
P. C. Ray (T., 1920, 117, 1090; this vol., p. 1279). No evidence was given 
as to its molecular weight, and it seems very probable that the substance is 
diethylene disulphide, which would in any case be a probable by-product of C, 


the reaction investigated. 
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Action of Dehydrating Agents. 


Monothioethylene glycol reacted vigorously with anhydrous zinc 
chloride or phosphoric oxide with production of amorphous, white 
solids similar to those described above. In the latter case a small 


tan, Bamount of diethylene disulphide appeared as a sublimate. 
ous 

vidly Action of Concentrated Hydrochloric Acid. 
once 


A mixture of monothioethylene glycol with three times its volume 
of concentrated hydrochloric acid was heated to the boiling point 
for five minutes under an upright condenser. The solution became 
turbid at once and a colourless oil separated. This oil was quickly 
washed once with water and dried over sodium sulphate. 

8-Chloroethyl mercaptan, CH,Cl-CH,*SH, was thus obtained (in 
0 per cent. yield) as a colourless liquid, b. p. 125—126° (Found : 
(l= 36-4; S = 33-1. C,H,CIS requires Cl = 36-8; S = 33-2 per 


ne eent.). The substance may be distilled at the ordinary pressure 
ne without decomposition provided it is free from moisture. The 
wut following physical constants were observed: dj = 1-225, and 
wr & = 1-203; n? = 1-5289, whence [Rz]p = 24-74 (Calc., 24-0). 
“ The liquid has a marked vesicant action, which in conjunction 
with its volatility makes it very unpleasant to work with. When 
its ; . 
kept in a damp atmosphere, it develops a pungent odour. 
|: 8-Chloroethyl mercaptan dissolves in an excess of aqueous 


sodium hydroxide to a clear solution, which, however, becomes 
turbid in a few seconds and rapidly sets to a paste owing to the 
separation of a white solid polymeric ethylene sulphide : 


nCH,Cl-CH,*SNa = nNaCl + (C,H,S)n. 


The white solid, after being washed with water and alcohol and 
dried at 120°, melted indefinitely at 170—175° (Found: S = 52-6. 
Cale., S = 53-3 per cent.). 

The chloromercaptan, when kept in contact with cold water, or 
by prolonged washing, is decomposed in the same manner with 
production of free hydrochloric acid and a white, amorphous 
substance similar to that described above. 

The action of concentrated hydrobromic acid upon monothio- 
ethylene glycol was similar to that of hydrochloric acid, but the oil 
that separated became at once turbid from the precipitation of a 
white solid, and the bromo-mercaptan was not isolated. 


Action of Phenylcarbimide on Monothioethylene Glycol. 


The formation of -hydroxyethyl phenylthiocarbamate, 
C,H,;-NH-CO-S-C,H,-OH, was described in a previous paper 
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(Bennett and Whincop, T., 1921, 119, 1861). When this substance 
or monothioethylene glycol itself was heated for a few minutes 
with an excess of phenylcarbimide there was produced the compound 
C,H,-NH-CO-S:C,H,-O-CO-NH-C,H,, which crystallised from alcohol 
in needles, m. p. 146° (Found: N= 9-1; S= 10-2. C,,H,,0,N,8 
requires N = 8-86; S = 10-14 per cent.). 


Ethylene Bis-8-hydroxyethyl Sulphide. 


This substance was described in a previous communication 
(Bennett and Whincop, loc. cit.). In view of the statement by 
Rosen and Reid (loc. cit., footnote) that, following the directions 
there given, they obtained only 20 per cent. of the theoretical 
yield, the experiment was repeated. The temperature of the 
reaction mixture was kept below 40° until the action subsided, and 
was then raised to the boiling point for fifteen minutes. The 
alcohol was removed by evaporation, and the sodium bromide from 
the residue by dissolving the latter in an excess of dry ethyl 
acetate, filtering, and again evaporating. The crude product, dried 
at 120°, weighed 5-9 grams (yield calculated from the sodium used, 
6-0 grams) and melted at 50—55°. After crystallisation from a 
little ethyl acetate, 5-5 grams of the substance were obtained, 
m. p. 62—63°. The yield is thus practically quantitative, as 
originally stated. 


I wish to thank the Chemical Society for a grant which has 
defrayed much of the expense of this work. 
THE CHEMICAL DEPARTMENT, 
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CCLVIII.— The Constitution of Acetone Derivatives of 
Glucose and Fructose. 


By James CoLquHoun IRVINE and JOCcELYN PATYERSON. 


Ir will be generally recognised that the difficult structural problems 
presented by the carbohydrates can be approached only by the 
systematic study of specific and definite reactions. The method 
may be slow but, on the other hand, isolated observations followed 
by hasty conclusions lead inevitably to confusion. Particularly 
is this the case in dealing with the compounds formed when sugars, 
or the related polyhydric alcohols, enter into condensation with 
acetone. When critically examined, these derivatives display many 
puzzling aspects of isomerism and, in addition, their study is ham- 
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pered by their extreme instability towards mere traces of acids. 
As a result, limitations are placed on the reactions which can be 
applied with the object of elucidating their structure. 

These ‘‘ acetone-sugars”’ are, however, compounds of great 
importance, as they open the way to the preparation of definite 
derivatives of sugars in which certain hydroxyl groups are sub- 
stituted while others remain exposed and can take part in further 
reactions. This application of acetone-sugars was originally 
developed by one of us, and examples are now given of typical 
cases in which, by methylation and subsequent hydrolysis, these 
compounds were converted into a series of partly methylated sugars, 
which were the first representatives of their type. 


Rhamnoseacetone —> Dimethyl rhamnose : 
Purdie and Irvine, Rep. Brit. Assoc., 1902. 


The 

rom Purdie and Young, T., 1906, 89, 1194. 
thy! Glucosediacetone —> Monomethy] glucose : 

ried Irvine and Scott, T., 1913, 103, 564. 


Irvine and Hogg, T., 1914, 105, 1386. 
Glucosemonoacetone —> Trimethyl glucose : 

Irvine and Scott, loc. cit. 

Irvine and Macdonald, T., 1915, 107, 1701. 
Fructosediacetone —> Monomethy] fructose : 

Irvine and Hynd, T., 1909, 95, 1220. 
Mannitoldiacetone —> Dimethyl mannitol : 

Irvine and Paterson, T., 1914, 105, 898. 
Mannitolmonoacetone —> Tetramethyl mannitol : 

Irvine and Paterson, loc. cit. 
Glycerolacetone —> Monomethy] glycerol : 

Irvine, Macdonald, and Soutar, T., 1915, 
107, 337. 


Fischer, who was responsible for the discovery of the general 
reaction between carbohydrates and acetone, returned to the sub- 
ject in 1915, and, by the application of similar principles, prepared 
a number of partly acylated derivatives analogous to the above 
methylated compounds. The importance of these reactions and 
their ultimate applications need not be emphasised and it is evident 
that the constitution of all the synthetical compounds concerned 
rests primarily (although not invariably) on the structure of the 
acetone derivatives from which they are prepared. Numerous 
researches have therefore been devoted to this problem, and as 
the whole subject has been further complicated by the discovery 
of “ y-sugars,” it is necessary at this stage to review the progress 
which has been made. 
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The collective evidence contained in the papers issued from this 
laboratory has established that in condensing with a polyhydroxy. 
compound acetone reacts as a ketone and not in the enolic form. 
A further definite advance was made when Irvine, Macdonald, 
and Soutar (loc. cit.) showed that the condensation involves pre- 
ferentially two neighbouring hydroxyl groups. The test case 
selected was the formation of glycerolacetone, which was proved 
to take place according to the following scheme : 


CH,-OH H,°O.. 
H. 2 

qu-On + co<cr — CH-O* ° 

H,-OH . CH,-OH 


The above result was obtained by ascertaining that glycerolacetone 
can be converted into glycerol «-methyl ether, and in a similar 
manner the methylation process has given direct evidence on the 
structure of the more important of the sugar acetones. 

The present paper deals with the constitution of the acetone 
derivatives of fructose, and in addition the structure of the isomeric 
derivatives of glucose is reviewed in the light of the most recent 
observations on y-sugars. Fructose gives two crystalline diacetone 
compounds (termed «- and £-), and these are convertible into 
isomeric fructosemonoacetones (Irvine and Garrett, T., 1910, 97, 
1277). In addition, other non-crystalline fructosemonoacetones 
exist but, in the meantime, discussion is restricted to the «-forms, 
which are the most definite and are produced in greatest amount. 
On first consideration it might appear that both fructose-«-diacetone 
and fructose-«-monoacetone are derived from y-fructose, as the 
rate of hydrolysis of these compounds is of the same order as that 
of sucrose. We have now established, however, that such is not 
the case and that both compounds are based on the stable type 
of fructose. This result was not unexpected, as both fructose- 
diacetone and fructosemonoacetone are levorotatory, whereas if the 
compounds were related to y-fructose the rotations would be dextro. 

A structural formula for fructosediacetone must obviously 
accommodate the following conditions : 

(1) Hydrolysis to give a non-reducing fructosemonoacetone 
(Irvine and Garrett, loc. cit.). 

(2) The conversion into a levorotatory monomethyl fructose 
(Irvine and Hynd, loc. cit.). 

(3) The identity of the phenylosazone given by the above sugar 
with the monomethyl glucosazone (Irvine and Scott, loc. cit.) 
obtained from glucosediacetone. 

The key to the constitution therefore lies in the structure of 
monomethyl glucose, as the position of the methyl group in this 


/ACH, 
‘CH, 
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sugar corresponds with the vacant hydroxyl group in fructosedi- 
acetone. Now, it has been shown by Irvine and Hogg (loc. cit.) 
that in monomethy] glucose the alkyl group is terminal and conse- 
quently the sugar has the structure 


—— 
OMe-CH,-CH(OH)-GH-CH(OH)-CH(OH)-CH-OH. 


This determines the position of the methyl group in the mono- 
methyl fructose obtained from fructosediacetone, and as it has 
now been established that the fructose acetones are related to the 
stable type of fructose, the formula of monomethy] fructose may be 


written 


OMe-CH,-CH-CH(OH)-CH(OH)-C(OH)-CH,-OH. 


It follows therefore that if the isopropylidene residues are united 
through neighbouring hydroxy] groups, only one formula is possible 
for fructosediacetone. 


TIC : p 
ent OH-CH,-CH: OH: CH-O—CH 
: ies 


\Z ‘Ze 
CMe, CMe, 


7, 

es 

8, Such a compound should exist in two stereoisomeric forms which 
it. should undergo hydrolysis at different rates to give two isomeric 
a fructosemonoacetones. Irvine and Garrett (loc. cit.) have already 
he shown this to be the case. There is, however, one possibility of 
at error in the argument and the point is somewhat elusive. Fruc- 
ot tosediacetone might be a derivative of y-fructose, in which case the 
“ hydrolysis of monomethy! fructosediacetone would give mono- 
». methyl y-fructose. Such a sugar would contain three hydroxyl 
° groups, and the oxygen linkage has thus the opportunity to assume 
" the stable arrangement. Analogous cases are presented by inulin 
y and sucrose, where the evidence of hydrolysis is misleading. This 


possibility has not been overlooked and the extension of our work 
has therefore included the examination of fructose-«-monoacetone. 
When it is remembered that complete hydrolysis of fructose-«- 
diacetone takes place practically instantaneously by the action of 
0-1 per cent. hydrochloric acid at 100°, the dissection of the reaction 
into stages is stamped as a delicate operation. The methylation 
of the fructose-«-monoacetone thus obtained also proved to be 
difficult, but we succeeded in converting the compound into a 
trimethyl fructosemonoacetone in which the levorotation was 
preserved. On hydrolysis, a trimethyl fructose was produced 
({«]p in water — 115-9°) and this in turn was converted, as 
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described in the experimental part, into tetramethyl fructose, 
The important issue of these operations is that the tetramethy| 
fructose finally produced is the stable, crystalline variety possessing 
the butylene-oxide linkage. These results establish the structure 
of fructosemonoacetone to be 
= —--—Q- on 
OH-CH,-CH-CH(OH)-CH(OH)-C—OH, 
O O 


\Z 
CMe, 


and the compound has no relationship with y-fructose. 
In order to render the scheme of reactions intelligible, the various 
transformations involved in the structural proof are given below : 


Fructose (levo) 


Fructose-a-diacetone (levo) 


. a" 


Monomethy! fructose-a-diacetone Fructose-a-monoacetone (levo) 


Monomethyl fructose Trimethyl fructose-c-monoacetone (l#vo) 


Pil iis | 


Monomethyl glucosazone Monomethylmethyl- Trimethyl fructose (levo) 
yig y y 
A fructoside | 


Monomethyl glucose Tetramethyl methyl- Tetramethyl methylfruct- 
A fructoside oside (levo) 


Glucosediacetone Tetramethyl fructose Tetramethyl fructose (levo) 


All the above fructose derivatives were levorotatory; the two 
specimens of tetramethyl fructose were identical with each other 
and with the methylated ketose prepared by Steele (T., 1918, 113, 
257) from $-methylfructoside. No trace of the dextrorotatory 
tetramethyl y-fructose produced from methylated inulin or sucrose 
was present and the proof is clear that both fructosediacetone and 
fructosemonoacetone are constituted as shown. 

As supplementary evidence and for the purposes of comparison, 
we have prepared a trimethyl fructosemonoacetone of the y-series 
and find, as expected, that it is entirely distinct from the form 
referred to in the above scheme. A full account of this isomeride 
will be given in a subsequent paper, but it may be mentioned 
that the compound is dextrorotatory and gives a dextrorotatory 
trimethyl fructose. 

There seems, in fact, to be little tendency for y-fructose to con- 
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dense with acetone and this was emphasised by the behaviour of 


Ctose, 

ethy| ff dextrorotatory y-methylfructoside when subjected to the action of 
essing J ucidified acetone. The methyl group was eliminated and fructose- 
cture Hdiacetone formed, but the product consisted entirely of the 


crystalline, levorotatory «-form, thus showing that complete 
rearrangement of the oxygen linkage had taken place during the 
raction. The formule now supported for the fructoseacetones are 
identical with those suggested in former papers from this laboratory, 
and the only structural evidence still required to complete the 
proof is confirmation of the idea that the stable form of tetra- 
methyl fructose possesses the butylene-oxide linkage. This evidence 
has been obtained and will form the subject of a forthcoming paper. 

Turning to the case of the acetone derivatives of glucose, the 
complications encountered are more serious. The glucosediacetone 
isolated by Fischer melts at 107—108° and shows [a] — 18-5°, 
although there is at least one other form of the compound which 
is also levorotatory but possesses a higher melting-point. It is 
in fact difficult to specify the total number of isomeric glucose- 
diacetones, as the compounds show a tendency to separate in 
mixed crystals and to combine with monoacetone derivatives. In 
the present discussion attention is therefore restricted to the most 
important variety, which may be termed the «-form. Two appar- 
ently diagnostic reactions are available in deducing the structure 
ofthe compound. Of these, the first is the conversion into 6-mono- 
methyl glucose, a change which shows that the unsubstituted 
hydroxyl group in the parent compound is terminal. The second, 
and more important, is the dissection into two stages of the hydro- 
lysis of glucose-«-diacetone, a process which results in the formation 


"i0us 


v0) 


) 


°) of glucose-«-monoacetone. 
- As a first step in ascribing structural formule to the glucose- 
er § «etones, it is necessary to determine the particular isomeric form 
3, of the hexose from which the compounds are derived. In this 
ry connexion it is significant that all the acetone derivatives of glucose 
= are strongly levorotatory, whereas in the case of the isomeric 
d fructose compounds the sign of the rotation of the parent hexose 
is preserved. The activities of the compounds can be regarded at 
1, the most as an indication that the glucoseacetones are based on 
. y-glucose, but definite evidence is now available that this view is 
" correct. The argument, although somewhat involved, is decisive. 
" It has long been known that glucosediacetone gives a levorotatory 
1 monomethyl glucosediacetone which on hydrolysis yields a dextro- 
, rotatory monomethy! glucose belonging to the butylene-oxide series. 


On first inspection, this result might be interpreted as a proof 
that glucosediacetone is derived from the butylene-oxide type of 
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glucose, but, as the monomethy] glucose contains an unsubstituted 
hydroxyl group in the 4-position, the possibility is always open 
that, subsequent to liberation of the sugar, the oxygen linkage 
alters from the unstable to the stable position. The evidence of 
hydrolysis may thus be entirely misleading, as in the case of sucrose 
and of inulin. The only conclusive method of determining the 
type of the parent hexose is to convert glucosediacetone into 
glucosemonoacetone, to methylate this and, by hydrolysis, obtain 
the corresponding trimethyl glucose. If the latter belongs to the 
butylene-oxide type, it will be dextrorotatory and convertible into 
crystalline tetramethyl glucose. Otherwise, it will be levorotatory 
and possess the properties of a y-sugar. 

The operations involved are difficult, as the glucosemonoacetone 
must be of a high degree of purity, but trimethyl glucosemono. 
acetone was obtained in good yield. Hydrolysis gave a trimethyl 
glucose which is levorotatory ({[«]) —15-7° in water) and displays 
all the characteristic reactions of a y-sugar. It follows that 
glucosemonoacetone and glucosediacetone both belong to the 
y-series. 

No formula hitherto suggested for the glucoseacetones takes into 
consideration this relationship with y-glucose, and the structures 
must accordingly be reviewed. Unfortunately, the difficult problem 
of the constitution of y-glucose has not yet been fully solved. 
Most of the evidence is in favour of an ethylene-oxide structure 
but, on the other hand, some reactions point more strongly to a 
propylene-oxide linkage. Of these two alternatives, it is clear 
that the propylene-oxide type is best adapted to accommodate the 
formation and properties of the glucose acetones. We therefore 
suggest the following tentative structure for glucosediacetone, 
from which, by removal of the isopropylidene residue B, the formula 
for glucosemonoacetone is derived. Although the exact position 
of the oxygen linkage is uncertain, and may connect positions | 
and 2 in place of 1 and 3, the structures now given are consistent 
with all the known reactions of these compounds. 

vi— 
O H-¢-— 
omen | 
H:C—O 
HeG—o7 oes oe’ S “oa Se 
CH,-OH 
For example, the formulz fulfil the condition that acetone condenses 


with neighbouring hydroxy] groups, and explain why a methylated 
sugar of the stable type is obtained from glucosediacetone whilst § Mo 
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glucosemonoacetone gives a y-sugar. Incidentally also, accepting 
Hudson’s generalisations as to the factors which control dextro- 
and levo-rotation in aldose derivatives, the levorotation of the 
glucoseacetones receives a ready explanation. 


Reactions of Glucosediacetone. 
cH —CHOH  CH-OH | 
0 ¢H—07 Mes 0 CHOH  CH-OH 4 
_, ‘CH _, CHOH | 
PO oMe CHOH  (H—— 
CH—O CHOH  CH-OH 
CH,-OMe CH,OMe CH,-OMe 


(leevo) (leevo) (dextro) 
——_ 


Methylation. Hydrolysis. Transformation 
to butylene- 
oxide type. 


Y Reactions of Glucosemonoacetone. 
—CH—O Se alll —CH-OH 
| | 
0 CH— —o Os 6 CH— — o> CMe, OCHOH | 
oO trans- 
—CH —CH '—CH formation to 


CH-OH — CH-OMe Ns CH-OMe butylene-oxide 


] ] type possible. 
CH-OH CH-OMe CH-OMe 


CH,-OH CH,-OMe CH,-OMe 


(leevo) (levo) (leevo) 


Methylation. Hydrolysis. 


For the sake of comparison with the parallel work on fructose 
compounds, the scheme of reactions utilised in the structural argu- 


ment is given below : 
Glucose 


Y 


Glucosediacetone 


© 


ad M 
Monomethy] glucosediacetone Glucosemonoacetone 
v 
Trimethyl glucosemonoacetone 
Y 
MONOMETHYL GLUCOSE TRIMETHYL GLUCOSE 
(butylene-oxide type) (y-type) 


ee. ie 


Monomethyl glucosazone Monomethy] gluconolactone 
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Discussion of Results, and Criticism of Alternative Formule. 


The most striking feature of the results submitted is that whereas 
fructose shows a pronounced tendency to react as a y-sugar and is 
present in this form in its most important natural derivatives 
(sucrose and inulin), the fructoseacetones are derived from the 
butylene-oxide form of the ketose. On the other hand, although 
glucose is transformed less readily into its y-isomeride, it is entirely 
in this condition that it enters into condensation with acetone. 
Analogy, without experiment, would have led to an entirely 
opposite conclusion being drawn, until it is remembered that there 
is an essential difference in the experimental procedure involved 
in preparing these compounds. 

Another point which has been experimentally developed is that 
the oxygen linkage of a reducing sugar may alter in position to 
accommodate the action of a particular reagent. Thus the con. 
figuration of stable glucose is unfavourable to the formation of a 
diacetone derivative and accordingly transformation to the y-sugar 
precedes condensation. No such alteration is necessary in the 
case of stable fructose and the condensation ensues without change 
in the oxygen linkage. In fact, a fructose derivative of the y-type 
has been shown to revert to the stable linkage in the presence of 
acid acetone, and this case adds another example to the list of 
reactions which involve transformation of the oxygen linkages in 
sugars. Exclusive of the formation of ‘“ y-glucosides ’’ the more 
important changes of this nature so far detected are : 


Sucrose —> Fructose 

Inulin — Fructose 

Monomethyl glucosediacetone —> Monomethy] glucose 
y-Methy] fructoside —> Fructosediacetone 

Glucose —> Glucosediacetone 

Monomethyl methylglucoside —> Glucosediacetone. 


With two exceptions, all the above changes are in the direction 
y-type —> stable type. The most irregular case is presented by 
glucose, but a review of past work provides a ready explanation. 
It may be recalled that Macdonald, in an able study of the 
mechanism of the condensation of glucose with acetone (T., 1913, 
103, 1896), showed that the reaction involves the formation of a 
methylglucoside monoacetone. At that time no y-sugars had been 
described and thus Macdonald’s formule cannot now be upheld, 
but it is clear that he succeeded in condensing y-methylglucoside 
with acetone. This is shown by the fact that the methylglucoside 
monoacetone is levorotatory, gives a levo-dimethyl derivative, and 
is hydrolysed with extreme ease under conditions which affect 
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yglucosides. It is significant that an isomeric methylfructoside 
monoacetone exists (Irvine and Robertson, T., 1916, 109, 1305) 
vhich is strongly levorotatory, and the formation of these com- 
pounds gives a clue to the mechanism whereby the corresponding 
diacetones are formed. 

Those who have the widest experience of the compounds now 
under discussion are probably the most reluctant to commit them- 
elves to opinions as to their structure. Although no finality is 
daimed for the formule now deduced for the glucose and fructose 
acetones, it is nevertheless necessary to criticise severely certain 
structures confidently put forward in a recent paper by Karrer 
and Hurwitz (Helv. Chim. Acta, 1921, 4, 728). Unless their con- 
dusions are corrected in no uncertain fashion, this branch of 
structural chemistry may again be thrown into a state of hopeless 
confusion. 

The authors referred to have compared the effect of alkaline 
potassium permanganate on three well-known acetone sugars with 
the action of the same reagent on glycerolacetone, which is known 
to have the terminal CH,*OH group free. The argument used is 
that if the sugar derivative does not reduce the reagent readily 
the terminal hydroxyl group must be substituted. On the basis 
of four small-scale experiments in which glucosediacetone, fructose- 
diacetone, and $-mannitoldiacetone are boiled with the perman- 
ganate reagent and recovered largely unchanged, they proceed to 
reconstruct the constitution of acetone sugars generally. The 
structures they put forward for the glucose- and fructose-acetones 
are not only shown to be incorrect by the results contributed in 
this paper, but are opposed to many reactions which have long 
been known. So many objections may be taken to their views 
that it is needless to refer to them in detail, but the following points 
may be mentioned. 

Alkaline potassium permanganate is a particularly uncertain 


tion § reagent when applied to derivatives of sugars. To illustrate the 
by § vagaries of the reaction, two examples may be quoted. 1:2:3: 4- 
ion. § Tetramethyl-5-ethyl mannitol has a terminal hydroxyl group free, 
the J yet is remarkably stable towards the action of potassium per- 
13, # manganate in the presence of sodium hydroxide. On the other 


hand, a recrystallised specimen of tribenzylidene mannitol, which 
contains no unsubstituted hydroxyl group, reduces the reagent 
readily. 

Not only is Karrer’s reagent inapplicable, but his choice of glycerol- 
acetone as a test substance is unfortunate. Few compounds can 
compete with the derivatives of the trihydroxypropane series in 
respect of their power to reduce alkaline potassium permanganate, 
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and in the case of glycerolacetone the reducing action is much 
increased by the presence of impurities which are not readily re. 
moved by distillation. Further, an account is given in the experi. 
mental part of the preparation of a specially pure specimen of 
glycerolmonoacetone, which was converted into the correspondi 
monomethyl ether. Although in this compound all the hydroxy! 
groups are substituted, it decolorises alkaline permanganate readily, 
The bearing of these results on Karrer’s generalisation need not be 
elaborated. 

Little need be said regarding the structures which are arrived at 
by such methods. Glucosediacetone is formulated by Karrer as (1), 


GH —O. oy 
CH--O 2 O 
CH-OH | 
CH 
CH-—O 
CH,—O 
This is incorrect in two particulars and represents the compound 
as a derivative of butylene-oxide glucose, which is certainly not the 
case. Further, on methylation and hydrolysis, it would give 3-mono- 
methyl glucose in place of 6-monomethyl glucose. Incidentally, 
Karrer is evidently unacquainted with the paper by Irvine and 
Hogg on the structure of this variety of monomethyl glucose and 
is apparently of the opinion that it can be obtained from fructose- 
diacetone. 

Similar arguments exclude Karrer’s formula for glucosemono- 
acetone, as methylation would then give 3 : 5: 6-trimethyl glucose. 
It is in some ways regrettable that this is not the case, as many 
unsuccessful attempts have been made to obtain this particular 
sugar, which is so far quite unknown. 

The case for the structure of the fructose acetones may be briefly 
dismissed. Karrer’s formula for fructosediacetone (II) is based on 
a propylene-oxide ketose. The suggestion of a 2 : 4-oxygen ring 
agrees with Béeseken’s view as to the nature of the internal oxygen 
linkage in the fructose component of sucrose (Rec. trav. chim., 1921, 
40, 354). In other words, Karrer’s fructosediacetone is a deriv- 
ative of y-fructose. If so, it would be dextrorotatory and would 
give a dextro-fructosemonoacetone. This, in turn, would be 
convertible into trimethyl y-fructosemonoacetone, which would also 
be dextro. No single one of these conditions is fulfilled. The 
trimethyl fructose actually obtained is levo, and is convertible 
into crystalline tetramethyl fructose, 


(I) 


> CMe, 
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The paper now under discussion leads up to the statement that 


| Much 

ily - “the new formule for glucosediacetone and fructosediacetone 
Xperi. render necessary a new nomenclature for the derivatives prepared 
nen of from them.” It would be unfortunate if the numerical method of 


indexing the position of substituents in the sugar chain, which was 
first proposed by one of us several years ago (Irvine, P., 1913, 29, 
69), were in any way dependent on the accuracy of the formule 
which have rendered its adoption a necessity. 

All the examples quoted by Karrer in illustrating the use of the 
numerical method are incorrect, as the substituents are placed in 
the wrong position. Eight out of the ten formule show sub- 
stituting groups in the 3-position. In each case this has been 
arrived at through the mistaken idea that in monomethyl glucose 
the alkyloxy-group is attached to the third carbon atom of the 
chain. There is no evidence, beyond Karrer’s statement that it is 
so, in favour of such a structure, and experimental results clearly 
indicate the 6-position. The remaining two examples he gives 
refer compounds to y-fructose, a unit which is not present. 
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Conversion of «-Fructosediacetone into Fructosemonoacetone. 


The fructosediacetone required was prepared essentially as 
described by Irvine and Hynd (loc. cit.), but in view of the marked 
instability of the compound towards acids it was found advisable 
to have a small quantity of finely powdered barium carbonate 
present when solutions were heated or concentrated. Even after 
careful neutralisation, crude acetone sugars show a tendency to 
develop acidity when heated in solution, and this precaution is 
necessary to obtain satisfactory yields, as otherwise hydrolysis 
takes place to a considerable extent. The product was recrystal- 
lised, first from low-boiling petroleum containing a little ether, and 
finally from light petroleum alone. 


no- 
se, 


ny 
lar 


fly The partial hydrolysis of fructosediacetone was conducted under 
on the conditions laid down by Irvine and Garrett (loc. cit.), a solution 
ng | in 0-1 per cent. hydrochloric acid being preserved at 30°. It is 
en noteworthy, as an example of the difficulty in obtaining uniform 
1, preparations of fructoseacetones, that the constant rotation (calcu- 
y: lated on the weight of material taken initially) when the semi- 
ld hydrolysis was complete was [«], — 123°. This is 5° lower than 


that found by Irvine and Garrett, and the difference was also detect- 
able in the fructosemonoacetone finally isolated. After two crystal- 
lisations from ether and one from ethyl acetate, the compound 
melted at the correct figure (120—121°), and the melting point 
showed no depression when the compound was mixed with an 
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authentic specimen. The specific rotation in aqueous solution was, 
however, [«]j) — 145-0° in place of — 158-9°. As fractional crystal. 
lisation yielded crops showing uniformly the same activity, it 
appeared that the preparation was optically homogeneous, but a 
result described later shows that this was not the case (Found: 
C = 49-15; H=7-28. C,H,,0O, requires C = 49:09; H=7-% 
per cent.). 
Trimethyl Fructosemonoacetone. 

Fructosemonoacetone (1 mol.) was dissolved in the minimum 
quantity of methyl alcohol to effect solution, and alkylated in the 
usual way with silver oxide (3 mols.) and methyl iodide (6 mols.). 
Initially, half the total amount of silver oxide was used and the 
heat of reaction was then sufficient to maintain the solvent at the 
boiling point for one hour. When this spontaneous reaction had 
subsided, the remainder of the oxide was added and the process 
was completed by heating on a water-bath for eight hours. The 
product was extracted with boiling ether and, after filtration, the 
solution invariably deposited a crystalline crop amounting to about 
20 per cent. of the material subjected to methylation. This was 
removed and after recrystallisation from ether was shown to be 
unchanged fructosemonoacetone (Found: C = 48-92; H = 7-28. 
Calc., C = 49-09; H = 7-27 per cent.). The constants determined 
on this specimen now agreed closely with those recorded by Irvine 
and Garrett (m. p. 120—121°, [«]i’, in water, — 156-8°) so that 
the fructosemonoacetone originally used was a mixture of stereo- 
isomerides. When subjected to further methylation, this recovered 
material behaved normally and yielded the corresponding trimethyl 
derivative. 

After isolating the syrup contained in the ethereal extract 
described above, it was subjected successively to a second and a 
third methylation in which the same proportions of alkylating 
reagents were employed, no extraneous solvent being, however, 
necessary in either case. Distillation under diminished pressure 
yielded a colourless syrup, but as the indefinite boiling point showed 
that the methylation was incomplete, three further alkylations 
were given before systematic fractional distillation was attempted. 
The pure compound was a mobile liquid (b. p. 135—138°/10 mm. ; 
My 1-4575) which showed a wide range of solubility and behaved 
as a glucoside towards Fehling’s solution [Found : C = 54-73; 
H = 8-33; OMe = 32-2. C,H,,0,(OMe), requires C = 54-98; H = 
8-39; OMe = 35-5 per cent.]. 

[«]i), in water, — 147-9° for c = 0-902. 

[«}}, in ethyl alcohol, — 125-7° for c = 0-887. 

[«]#, in acetone, — 125-0° for c = 1-208 per cent. 
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Conversion of Trimethyl Fructosemonoacetone into Tetramethyl 
Fructose. 


Stage I.—Hydrolysis. A 4 per cent. solution of trimethyl] fructose- 
monoacetone in 0-1 per cent. aqueous hydrochloric acid was hydro- 
lysed by heating at 80°. The reaction was complete in two and a 
half hours, the specific rotation having then diminished to — 100°, 
and was arrested by shaking with silver carbonate. Thereafter the 
filtered solution was heated with charcoal for one hour at 60°, 
again filtered, and the solvent evaporated under diminished pressure. 
Trimethyl fructose was thus obtained as a viscous syrup ([%]p, in 
water, — 115-9°). 

Stage II.—Condensation with methyl alcohol. A solution of 
trimethyl fructose in methyl alcohol containing 0-22 per cent. of 
hydrogen chloride was heated at 40° for four hours, when the 
rotation became constant. The solvent employed was entirely free 
fom acetone, as otherwise acetone derivatives of fructose were 
regenerated in the condensation. After neutralisation with silver 
carbonate, treatment with charcoal, and removal of the solvent 
under diminished pressure, trimethyl methylfructoside remained 
as a colourless syrup. 

Stage III.—Methylation. The fructoside was twice methylated 
in the customary manner with silver oxide (3 mols.) and methyl 
iodide (6 mols.), the product being isolated at this stage and dis- 
tilled. In this way, non-volatile by-products which resisted methy]- 
ation were eliminated. After a third methylation, tetramethyl 
methylfructoside was obtained as a colourless liquid, b. p. 130— 
134°/11 mm. 

Stage IV.—Hydrolysis. The subsequent hydrolysis was carried 
out in the usual manner by heating for one hour at 100° with 
l:2 per cent. hydrochloric acid. The sugar finally isolated crystal- 
lised in the characteristic form of tetramethyl fructose and, after 
purification from light petroleum, gave correct analytical figures 
and the physical constants accepted as the standards for this 
sugar (m. p. 95—97°; [a] — 87-3° in water). 


Condensation of y-Methylfructoside with Acetone. 


y-Methylfructoside ([«], + 16° in ethyl acetate), when boiled 
for three hours with excess of pure acetone, dissolved only to a 
sight extent and failed to condense with the solvent. On the 
other hand, reaction took place when the fructoside was shaken 
in the cold with twenty times its weight of acetone containing 
0-2 per cent. of hydrogen chloride. After twenty hours’ treatment, 
the liquid was neutralised with lead carbonate, filtered, and, in the 
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presence of barium carbonate, evaporated to dryness. The product 
immediately crystallised completely and, after recrystallisation, 
proved to be identical with Fischer’s «-fructosediacetone (m. p, 
119—120°; [a], in water, — 160-1°). As the y-methylfructoside 
used was not entirely dissolved in the acid acetone, the yield was 
of the order 60 per cent., but it is evident that the reaction involves 
a complete alteration in the position of the oxygen ring. 


Conversion of Glucosediacetone into Trimethyl-y-glucose. 


The first stage in the series of reactions was the preparation of 
glucosemonoacetone by the semi-hydrolysis of glucose-«-diacetone. 
This was carried out according to the method described by Irvine 
and Macdonald (loc. cit.) and gave satisfactory results. Subsequent 
alkylation and conversion into trimethyl glucosemonoacetone was 
conducted in the manner adopted by Irvine and Scott (loc. cit.), 
whose results were confirmed. Hydrolysis was effected by means 
of 0-5 per cent. hydrochloric acid, the sugar being isolated in the 
usual manner and purified by distillation in a high vacuum (b. p. 
153°/0-:15 mm.) (Found: C = 48-51; H= 8-05; OMe = 428. 
C,H,,0, requires C = 48-64; H = 8-10; OMe = 41-2 per cent.). 
The methylated sugar was a colourless liquid which reduced neutral 
permanganate readily and rapidly precipitated yellow cuprous 
oxide from Fehling’s solution in the cold. The compound was 
levorotatory in water and in organic solvents ([«]), in alcohol, 
— 37-3°). The levorotation was preserved in the corresponding 
glucoside, and the compound thus belongs to the y-series. 


Action of Alkaline Potassium Permanganate on Glycerol Derivatives. 


This reaction was studied for reasons given in the introduction. 
The glycerolacetone employed was prepared by the improved 
method recommended by Fischer (Ber., 1920, 53, [B], 1606). 
After fractionation, a specimen which showed the correct physical 
constants was nevertheless very rapidly oxidised by potassium 
permanganate in the presence of alkali. The material also reduced 
neutral permanganate, a result which is due essentially to the 
presence of impurities. 

This is shown by the fact that 0-25 gram of the first fraction 
collected decolorised 10 c.c. of the neutral reagent instantaneously, 
but this reaction was much diminished after four successive dis- 
tillations, in which the first fractions were neglected. The material 
thus obtained gave the following results : 

0-25 Gram, dissolved in water, decolorised 0-3 c.c. of N/10-neutral 
permanganate in five minutes: on adding a further 0-2 c.c., the 
colour persisted for twenty minutes. 
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0-25 Gram, dissolved in water containing two drops of 2N-sodium 
hydroxide, failed to decolorise 40 c.c. of N/10-potassium per- 
manganate in one hour. 

0-25 Gram, dissolved in water containing 15 drops of 2N-sodium 
hydroxide, decolorised 40 c.c. of N/10-permanganate in ten minutes. 

Further purification of glycerolmonoacetone was effected by 
shaking the above material with excess of neutral N/10-perman- 
ganate solution for ten minutes. The liquid was extracted with 
ether, the extract dried, and the solvent removed. Eighty per cent. 
of the glycerolacetone used was obtained on distillation (b. p. 85°/12 
mm.) as a clear liquid possessing a faintly pleasant smell and entirely 
devoid of the acrid odour of previous specimens. The compound was 
now almost completely stable towards neutral permanganate. 

0:20 Gram decolorised 0-2 c.c. of N/10-permanganate in three 
minutes. On adding a further 0-15 c.c., the colour persisted for 
forty minutes, and a total addition of 0-8 c.c. was not reduced in 
fifteen hours. 

Towards alkaline permanganate the reducing action was prac- 
tically instantaneous. 

The above specimen of glycerolmonoacetone was converted into 
monomethyl glycerolacetone by the silver oxide reaction, and the 
product purified by distillation. 

0-200 Gram did not decolorise 0-5 c.c. of neutral N/10-perman- 
ganate in twenty minutes. 

0-200 Gram decolorised 10 c.c. of faintly alkaline NV /10-permangan- 
ate instantaneously. Thereafter the reduction proceeded so rapidly 
that the colour changes prevented an accurate titration being made. 


The authors express their indebtedness to the Department of 
Scientific and Industrial Research for a grant which enabled one 
of them to take part in the investigations. 
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CCLIX.—The Constitution of Soap Solutions. Hexa- 
decanesulphonic (Cetylsulphonic) Acid and other 
Sulphonates. 

By Maset Harriet NorRIs. 

HEXADECANESULPHONIC ACID, C,,H,,°SO,H, is an example of a 

hydrogen soap, and its study is of especial interest because the 


disturbing factor of hydrolysis is eliminated. Its hot aqueous 
VOL. CXXI. 4n 
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solutions froth readily and possess a definite detergent action, 
It will be shown that it is a typical example of a colloidal electrolyte, 
even more colloidal than sodium palmitate or stearate.* 


EXPERIMENTAL. 
Hexadecanesulphonic Acid.t 


This sulphonic acid and its derivatives have been prepared only 
by Reychler (Bull. Soc. chim., 1913, 27, 110, 217, 300), who obtained 
the acid by oxidising the corresponding mercaptan, prepared from 
hexadecyl iodide. The formation of the mercaptan is quantitative, 
but the acid obtained is poor in quality and small in amount (30 to 
50 per cent.). Many unsuccessful attempts were therefore made to 
prepare the latter by using sulphite or bisulphite with solvents 
such as water, methyl and ethyl alcohols, acetone, and ether, but 
these led only to such substances as hexadecyl! alcohol and hexa- 
decane. 

Hexadecyl mercaptan was oxidised with potassium permanganate, 
excess of the latter removed with oxalic acid, the solution filtered, 
and the residue washed with hot water. A small quantity of oil 
(dihexadecylsulphone) was removed by filtration. The lead salt, 
precipitated by treating the hot, slightly alkaline, aqueous 
solution with lead acetate, having been washed with hot water 
and hot alcohol, was suspended in hot alcohol, and the acid isolated 
by passing hydrogen sulphide, filtering, and evaporating off the 
alcohol. The product resembles soft soap, and is at first white 
or slightly yellow, but on exposure to the air or when the attempt 
is made to drive off all the alcohol by heating, it turns brownish- 
black without, apparently, its other properties being affected. For 
the present purpose, it was found advisable not to drive off all 
the alcohol, but to ascertain the concentration of the various 
aqueous solutions by titration in aqueous alcohol. The concen- 
trations found are expressed in weight normalities referred to 
1000 grams of water. 

0-75N-Hexadecanesulphonic acid is a white or pale yellow, 
sticky paste at room temperature and often has a shimmering 
appearance owing to the presence of micro-crystals. 0-1N,— 
0-02N,,.-Solutions have the consistence of boiled starch solution, 
and more dilute solutions are limpid and milky. All the solutions 
froth readily on warming and shaking. On heating to 90°, a 0-75Ny- 
solution becomes quite mobile, although frequently small pieces of 
transparent or translucent jelly segregate. None of the solutions 


* For references, see this vol., pp. 621, 1101. 
+t The preparative work was carried out by Mr. D. J. Gould. 
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is quite clear at 90°, even a 0-003N,,-solution being slightly milky. 
The milkiness appears to be due to a small amount of colloidal 
impurity which, in the most concentrated solutions, has a tendency 
to rise to the surface on long standing at 90°. For the ultra- 
microscopic appearance, reference should be made to “The Ultra- 
microscopic Structure of Soaps” (Proc. Roy. Soc., 1921, [A], 98, 
395). 
Dew Point and Conductivity. 

All measurements were carried out at 90° by the methods 
previously described. Great difficulty was at first experienced in 
obtaining results with the dew-point apparatus owing to tarnishing 
of the silver by traces of hydrogen sulphide given off from the 
solution of hexadecanesulphonic acid. This caused a lag in the 
appearance of the line which increased with increasing amount 
of tarnish because of decreasing visibility, and therefore the 
apparent alteration in the temperature observed with pure water 
amounted to between 0-1° and 0-36° below that found with a 
polished tube. The appearance and the disappearance of the 
line were, however, quite definite, and gave concordant series of 
readings. Hence, a measurement was made with pure water 
immediately after that with each soap solution, without altering 
the silver tube; the difference gave the dew-point lowering directly. 
The assumption that the reproducible results thus obtained are 
correct is supported by the fact that all these values lay between 
those previously obtained for the behenate and stearate (McBain 
and Salmon, loc. cit., Fig. 3). 

Table I contains the results together with the van’t Hoff “i” 
factor and the concentration of crystalloidal material calculated by 
dividing the dew-point lowering by 0-483°. 


TaB_e [. 
Osmotic activity of solutions of hexadecanesulphonic acid at 90°. 
Total 
Solution (Nw). s i. crystalloid (NV). 

0-7573 0-13 0-36 0-27 
0-6412 0-14 0-45 0-29 
0-500 0-125 0-52 0-26 
0-3106 0-12 0-80 0-25 
0-2789 0-11 0-82 0-23 
0-1854 (0-08) (0-89) (0-17) 

= by extrapolation 1-00 0-19 


The results of conductivity and density measurements at 90° 
are collected in Table II and Fig. 1. A complete series of measure- 
ments was first made (indicated by circles on the diagram) and 
then-a duplicate series in which the concentrations of the solutions 


fell between those used in the first series (represented by crosses), 
4E2 
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five or six readings being taken in each case. p,.. is taken as 702, 
calculated from measurements of the conductivity and the tem. 
perature coefficient of hydrochloric acid by Noyes. Reychler 
(Bull. Soc. chim., 1913, 27, 113), who worked at 56°, could only 
investigate solutions from N/8 downwards, but even his results 
show a minimum conductivity at about N/25. 


Fie. 1. 


bo 
> 
i=) 


Molecular conductivity. 


s 


Relative proportions of constituents (per cent.). 


160 


Ra J | L if 
02 O38 O4 O58 O68 OF O8 O9 
Concentration of solution (Nx). 
Molecular conductivity of aqueous solutions of hexadecanesulphonic acid at 90°. 


TABLE II. 
Conductivity of solutions of hexadecanesulphonic acid at 90-00°. 


Specific a 
Nw. dy. conductivity. Be per cent. 
* 0-7573 0-9596 0-1402 237-0 33-76 
0-6412 0-9597 0-1217 233-7 33-30 
0-4962 0-9610 0-09762 235-8 33-59 
* 0-3809 0-9624 0-075004 227-4 32-40 
0-3106 0-9625 0-05780 211-6 30-14 
0-2789 0-9631 0-05306 214-6 30-57 
* 0-1854 0-9636 0-03523 207-7 29-59 
0-1824 0-9640 0-03361 201-6 28-72 
0-09694 0-9646 0-016896 185-0 26-36 
* 0-09618 0-9647 0-01726 190-7 27-17 
0-07031 0-9650 0-01280 192-8 27-47 
0-06220 0-9650 0-01118 189-5 27-01 
0-05678 0-9650 0-01043 193-4 27-55 
* 0-04844 0-9650 0-008397 181-9 25-91 
* 0-02477 0-9652 0-004610 193-7 27-60 
0-01746 0-9652 0-003651 217-2 30-94 
* 0-01284 0-9653 0-002592 209-7 29-87 
* 0-007298 0-9653 0-001592 225-1 32-07 
0-004492 0-9653 0-0009703 223-4 31°83 
* 0-003561 0-9653 0-0009791 284-3- _ . 40°51 


* — first series. 


Relative proportions of constituents 
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Discussion of Results. 


Hexadecanesulphonic acid resembles sodium palmitate and other 
colloidal electrolytes in possessing a high temperature coefficient 
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soap, 2NaStr,HStr, present.) 


2166 NORRIS : THE CONSTITUTION OF SOAP SOLUTIONS. 


of solubility and in being only moderately dissociated (27 per cent. 
in 0°1N,,-solution). The anomalous form of the conductivity curve 
also resembles that of the soaps. 

Methods described in previous communications being employed, 
and the dissociation constant of the simple crystalloidal soap being 
taken as 0-0255, the amounts of the various constituents present 
in these solutions have the values shown in Table III and Fig. 2. 
Fig. 3, which presents the data now calculated for sodium stearate 
by this new method (K = 0-06), shows very clearly the resemblance 
between hexadecanesulphonic acid and the typical soaps; indeed 
hexadecanesulphonic acid is more colloidal than sodium palmitate 
or even stearate, coming between the latter and the behenate. 


TaBLeE ITI. 
The constituents of solutions of hexadecanesulphonic acid at 90°. 


Solution Total Tonic Simple Simple Neutral 
(Ny). crystalloid. HH. micelle. ion. molecules. colloid. 

0-7573 0-27 0-2393 . 0-012 0-0295 

0-6412 0-29 0-203 . 0-005 0-082 

0-4962 0-26 0-1565 : 0-006 0-097 

0-3106 0-25 0-091 + 0-012 0-147 

0-2789 0-23 0-082 . 0-012 0-136 

0-1854 0-19 0-051 : 0-014 0-125 

0-01284 0-003836 - 0-003836 0-0090 

0-007298 0-00234 5 0-00234 0-004957 

0-003561 0-001442 . 0-001442 0-002119 


Comparison with Ring Compounds Containing the -SO,Na Group. 
(Experimental work by Miss D. H. Fatxner and Miss M. C. Price.) 


The following observations, made in 1919, although of a pre- 
liminary character, afford very interesting comparisons between the 
behaviour of the long-chain paraffin compounds and the corre- 
sponding ring compounds with the same number of atoms. They 
appear to open out a promising field for investigation, provided 
that compounds of sufficient solubility are chosen for study. 

The experiments were carried out in duplicate with the usual 
precautions, but no special care was taken to purify the materials, 
which had been obtained from Kahlbaum. The following are the 
approximate solubilities of these substances at 85°: sodium «- and 6- 
naphthalenesulphonates, 32 grams; sodium  naphthionate, 
27 grams; and sodium anthraquinonesulphonate, 3 grams per 
100 c.c. Conductivity was determined at 25° and at 90°, ,», 
being assumed as 77-6 and 231 respectively. Only enough of the 
ebullioscopic data is given to illustrate the form of the curve. 
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TABLE IV. 


Conductivity of aqueous sodium «-naphthalenesulphonate at 25°. 
0-4 0-2 0-1 0-05 0-025 0-0125 
1-024 1-0115 1-004 1-000 0-999 0-998 


45-88 50-02 53-88 55-49 57-92 60-41 
59-13 64-46 69-42 71-50 74-64 77-84 


TABLE V. 
Rise in boiling point of aqueous sodium «-naphthalenesulphonate. 


0-2374 0-3141 0-469 0-7208 0-936 1-663 
0-195 0-245 0-360 0-540 0-670 1-120 
1-640 1-557 1-532 1-496 1-429 1-345 


TABLE VI. 


Rise of boiling point of aqueous solutions of sodium #-naphthalene- 
sulphonate. 


0-2091 0-6695 0-9593 1-090 1-253 1-573 
0-14 0-425 0-60 0-675 0-755 0-92 
1-337 1-268 1-248 1-236 1-203 1-168 


TABLE VII. 


Conductivity of aqueous sodium anthraquinonesulphonate at 90°- 


0-20 0-125 0-0625 
0-9783 0-9733 0-969 
151-7 160-6 173-5 
66-25 70-13 75-75 

Table VIII contains conductivities of these sulphonates and of 
sodium naphthionate at 90°, giving an approximate measure of the 
concentration of sodium ions present, whilst from boiling point 
determinations is known the total crystalloidal, the difference being 
the total crystalloidal material other than sodium, and the differ- 
ence between this and the weight normality showing the amount 
of colloidal matter present. Included for comparison are the 
results taken from previous publications for potassium decoate 
with the same number of carbon atoms, and also the data for 
potassium hexoate. 

Although no stress can be laid on the accuracy of results in 
Table VIII, very interesting relationships are apparent. In the 
first place, there is very little colloid present in solutions of the 
salts of the ring compounds as compared with those derived from 
the corresponding paraffin chains. The primary consideration 
appears to be the length of the molecule (compare McBain, Third 
Colloid Report of the British Association for the Advancement of 
Science, 1920, p. 20). This brings out very strikingly the com- 
parison between the otherwise almost identical naphthalene- 
sulphonates where the longer molecules of the $-compounds in 
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TaBieE VIII. 


Conductivity, osmotic activity, and colloidal content of aqueous 
solutions of sodium «- and §-naphthalenesulphonates and 


sodium naphthionate at 90°. 

Crystalloid. Total 
ge. Me Na’. Total. Less Na’. colloid, 
— 98-0 0-848 2: . 0-20 

1-:0325 1186 0-513 1- . 0-09 

—(25°) 0-24 . (0-02) 
—  —(25°) 0-13 . . (0-01) 
3 124-9 0-54 , ; 0-29 
3 94-4 0-409 — 

Sue pan 0-44 
Pe: 0-15 
— 0-00 


a-C,,H,-SO,Na tees 


B-C,,H 7SO,Na cece 

C,,H,(NH,)-SO,Na 

Potassium decoate 
oe hexoate 
ve decoate 


]- 
l- 
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N-solution give rise to three times as much colloid as the broader 
molecules of the a-isomerides. This is in accordance with con- 
clusions derived from the study of the closely related subject of 
liquid crystals. 

The relative insolubility of sodium anthraquinonesulphonate 
made it impossible to obtain data for similarly concentrated solu- 
tions, but the boiling-point data gave clear indication of the presence 
of much more colloid in these than in the naphthalene derivatives, 
as would be expected from the configuration of the molecule. 
When much colloid is present, the Beckmann method here used 
is inapplicable and recourse must be had to the method of dew- 
point lowering. 

Summary. 

1. Hexadecanesulphonic acid is a hydrogen soap having the 
typical behaviour of a colloidal electrolyte in its conductivity, osmotic 
activity, and high temperature coefficient of solubility. Its place is 
amongst the highest soaps, between sodium stearate and behenate. 

2. The behaviour of sodium «- and §-naphthalenesulphonates 
and of sodium anthraquinonesulphonate lends support to the 
assumption that the length of the molecule is an important factor 
in producing a colloidal electrolyte. Thus the «-form is less 
colloidal than the $-form, and the ring compounds are far less 
colloidal than the open-chain compounds with the same number 
of carbon atoms. 
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(CLX.—The Labile Nature of the Halogen Atom in 
Organic Compounds. Part V. The Action of 
Hydrazine on the Halogen Derivatives of some 
Esters and Substituted cycloHexanes. 


By EpmunD LanGLey Hirst and ALEXANDER KILLEN MACBETH. 


Iv previous papers of this series (this vol., pp. 892, 904, 1109, 
1116), it was shown that under certain conditions of molecular 
structure the halogen atom in organic compounds may readily be 
removed by the action of reducing agents. The hypotheses proposed 
by various workers to account for this reactivity appeared unsatis- 
factory, but an explanation derived from the point of view of the 
polarities of the constituent atoms of the molecule and the alternate 
effect in the carbon chain led to the conclusion that halogen atoms 
susceptible to reduction are endowed with an induced electro- 
positiveness, and their specific chemical properties are connected 
with this factor. In this paper, the action of hydrazine hydrate 
on a further series of representative substances is discussed, and 
additional evidence in favour of the above view is submitted. 

It has already been pointed out that nitrogen—halogen compounds 
are very reactive, decomposing hydrazine hydrate in the cold with 
the quantitative liberation of nitrogen. The substances of this 
type previously examined were compounds such as N-chloroacet- 
anilide, acetobromoamide, and sulphonchloroamides. In these, 
disregarding the polarity of the nitrogen atom itself, the lability of 
the halogen atom is due to the influence of the adjacent carbonyl 
or sulphonyl group. It is to be expected that if the reaction is 
connected with the polarity of the oxygen atoms in the carbonyl 
groups, the introduction of a second carbony] group in the «-position 
to the nitrogen atom would increase the reactivity of the halogen. 
This view may readily be tested, for the required conditions are 
realised in compounds such as succinbromoimide; and these are 
found to be exceptionally reactive, liberating nitrogen quantitatively 
from hydrazine in accordance with the equation 


H,°CO H,°CO 

of NX + NHyNH, = 24 NH +N, + 2HX. 
cu, ‘CO 07 * H,° CO” oh? 

The reaction is of so vigorous a nature that it takes place with 

explosive violence when a few drops of a 50 per cent. solution of 

hydrazine hydrate are added to a little of the dry succinchloro- or 

succinbromo-imide; the expected increase in reactivity is thus 


borne out. 
4 n* 


2170 HIRST AND MACBETH : THE LABILE NATURE OF 


Although the halogen atom in nitrogen—halogen compounds js 
readily acted upon by reducing agents when carbonyl or sulphony| 
groups are present in the «-position to the nitrogen atom, it would 
appear that the presence of such groups is not essential to cause 
lability. It is true that the halogen becomes more labile on account 
of the influence of such groups, but the nitrogen atom itself is 
electronegative, and in virtue of this a halogen atom attached to it 
acquires an electropositiveness sufficient to make it easily removable 
in the presence of a suitable reagent. N-Tetrachloroethylenedi- 
amine, for example, is reduced by potassium iodide and acetic acid 
with the quantitative liberation of iodine (Chattaway, T., 1905, 87, 
145), and 1-chloropiperidine is acted upon by hydrazine hydrate 
with the steady evolution of nitrogen in accordance with the 
equation 

2C;H,)NCl + NH,"NH, = 2C;H,,N,HCl + N,. 


In extension of the results obtained with the series of bromo- 
malonic esters (this vol., p. 904), it seemed of interest to examine 
the bromo-derivatives of the acetylsuccinic esters. If these are 
brominated in the «-position, the halogen atom would be under the 
joint influence of the carbonyl and carbethoxy-groups, and previous 
results have established the fact that under these conditions the 
halogen atom is easily removed by hydrazine and other reducing 
agents. The product obtained on the bromination of ethyl acetyl- 
succinate reacted only slightly with hydrazine hydrate, and the 
volume of liberated nitrogen indicated that the substance was 
mainly the y-bromo-compound and contained at most some 18 per 
cent. of the «-bromoacetylsuccinate. This result is supported by the 
work of Ruhemann and Hemmy (T., 1897, 71, 330), who concluded 
that the product obtained on brominating ethyl acetylsuccinate 
was the y-bromo-derivative. The constitution was deduced from 
a study of the decomposition products resulting from the bromo- 
ester on distillation under reduced pressure. Ethyl y-bromo- 
methylacetoacetate had previously been shown to lose ethyl bromide 
by the action of heat, forming «-methyltetronic acid (Roubleff, 
Annalen, 1890, 259, 261; Hantzsch, ibid., 1890, 266, 90; Wolff, 
tbid., 1895, 288, 11). Ruhemann and Hemmy found that on 
distillation ethyl bromoacetylsuccinate also lost ethyl bromide and 
was converted into ethyl w-carboxy-«-methyltetronate, a change 
which may be expected if the compound has the y-bromo-structure : 


CH,—CO-CH-CH,CO,Et _, CH,-CO-CH-CH,-CO,Et 


EtBr. 
Br Et0, o——CO Eda 


The bromination of ethyl diacetylsuccinate also seems to yield 
mainly the y-dibromo-derivative, for on treatment with hydrazine 
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the nitrogen evolved corresponds with a content of about 21 per 
cent. of the «-dibrcmodiacetylsuccinate. This result is in agreement 
with the observation of Wolff and Junker (Annalen, 1913, 399, 
309), who deduced the y-bromo-structure for the compound from 
the fact that on heating for some time at 150—160° the ester was 
converted into bistetronic acid, a change which is readily accounted 
for by the loss of ethyl bromide : 


CH,Br-CON, yy. CO-CH,Br 
Et0,C rat CBO RE — 


CH,*C(OH)s, 4,4. 2C(OH)*CH, 
a eee 


The formation of the y-bromo-derivatives on the bromination of 
acetylsuccinic esters is contrary to expectation, inasmuch as it is 
natural to assume that in the enolisation which precedes bromination 
the hydrogen atoms would be drawn from the methylene groups 
between the carbonyl groups, a course which postulates the form- 
ation of an a-bromo-compound. Enolisation may, however, follow 
a different course and involve a hydrogen atom of the terminal 
methyl group : in this case, bromination would lead to the formation 
of the y-bromo-compound. Briihl (Ber., 1894, 27, 2378; J. pr. 
Chem., 1894, [ii], 50, 119) has suggested that enolisation of this 
type may occur, for ethyl diacetylmalonate corresponds in its 
optical properties with an enol of the formula (CH,-C-OH),C(CO,Et).. 
Further, Bielecki and Henri (Compt. rend., 1914, 158, 1022) have 
assigned an abnormal formula, involving such enolisation, to 
acetylacetone, CH,*CO-CH,-C(OH):CH,. Auwers and Auffenberg 
(Ber., 1917, 50, 929) disagree with the enolisations just described, 
and it is probable that in the acetylsuccinates normal enolisations 
occur which lead to the formation of the «-bromo-derivatives. 
These probably undergo intramolecular change, under the influence 
of hydrogen bromide, and are converted into the y-bromo-com- 
pounds. In support of this view, it may be pointed out that it has 
been shown that bromination, in the presence of a halogen acid, is 
& necessary consequence of the presence of a very electropositive 
halogen (this vol., p. 894). The migration of the bromine atom 
from the «- to the y-position in the acetyl esters may be expressed 
as such a reaction, the conversion of ethyl «-bromoacetoacetate 
into the y-compound (Hantzsch, Ber., 1894, 27, 356, 3168; Conrad, 
Ber., 1896, 29, 1042) taking place according to the scheme 


oo 
CHy‘CO-CHBr-CO,Et == CH,‘CO-CH,°CO,Et + Br, == 
HBr CH,Br-CO-CH,°CO,Et + HBr. 
4xu*2 
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Both reactions may be regarded as reversible, but if the back 
reaction in the second stage is the slower, the change will result in 
the accumulation of the y-bromoacetoacetate. The formation of 
ethyl y-bromoacetylsuccinate by the bromination of ethyl acetyl. 
succinate may be accounted for in a similar way. In this connexion, 
it is interesting to note that Smith (J. Amer. Chem. Soc., 1922, 44, 
216) has shown that when bromine is passed into ethyl acetoacetate 
by a rapid current of air, which both introduces the bromine and 
sweeps out the hydrogen bromide formed, the sole product of the 
reaction is the «-bromo-ester. 

An alternative explanation of the «- to y-bromo-change has 
recently been put forward (Morgan and Drew, this vol., p. 928) in 
which it is suggested that the conversion may be accounted for by 
the transitory formation of a cyclic enolic compound, the terminal 
methyl group being involved in the enolisation. Smith’s observ- 
ation may be brought into line with this view if it is supposed that 
hydrogen bromide acts as a catalyst for the change. 

The halogen derivatives of cyclohexane-3 : 5-dione have been 
prepared and studied in some detail by various workers : 4-bromo- 
cyclohexane-3 : 5-dione by Merling (Annalen, 1894, 278, 42) and a 
full series of mono- and di-halogen derivatives of 1 : 1-dimethyl- 
cyclohexane-3 : 5-dione by Vorlinder and Kohlmann (Annalen, 
1902, 322, 239). Marked differences in the chemical properties of 
the mono- and di-halogen derivatives were noted. 4-Bromo- 
1 : 1-dimethylcyclohexane-3 : 5-dione, for example, is odourless and 
behaves as a monobasic acid, which readily dissolves in alkali and 
forms a neutral sodium salt. The bromine atom is very stable, 
withstanding the action of hot alkali or sodium ethoxide. In this 

respect, it resembles the monohalogen derivatives of diketohydr- 
indene (Zincke, Ber., 1887, 20, 1271; 1888, 24, 293; Roser and 
Haselhoff, Annalen, 1888, 247, 148). The 4: 4-dihalogen deriv- 
atives, on the other hand, have a pungent smell and are insoluble 
in alkali. They act as oxidising agents and liberate iodine from 
potassium iodide: in addition, one of the halogen atoms is easily 
removed by the action of alkali or sodium carbonate. Vorlinder 
was of opinion that these differences were not expressed by the 
ordinary structural formule of the compounds, and he proposed 
the bromoxyl structure (III) to account for the special chemical 
properties of the dihalogen compounds. 


(.) Me,c<CHs * (OH)? CBF MeC<OH CO>CBr, (11) 


—CO 
MeC<GHG “C(OBr)? ACBr (IIL) 


The main idea in adopting the bromoxy] formula was to express 


m 


ler 
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the oxidising properties of the dihalogen compounds, and to differ- 
entiate them from substances containing the keto-bromide structure 
(0-CBr,*CO-, such as the dibromomalonic esters, which he regarded 
as being without oxidising action. This contention, however, is 
invalid, for it is now known that the malonic compounds rapidly 
oxidise hydrazine and hydriodic acid, having this property in 
common with the dibromo-compounds mentioned above: and it 
has been further shown (this vol., p. 1109) that the bromoxyl 
structure does not occur in the malonic series. According to the 
views expressed by Vorlinder, a great number of the compounds 
described as keto-chlorides and keto-bromides are in all probability 
organic esters of hypochlorous and hypobromous acid; but there 
sems to be no weight of evidence in favour of this view, and 
much can be submitted against it. Norris and Thorpe (T., 1921, 
119, 1199) have prepared the chloro- and bromo-derivatives of 
cyclohexanespirocyclohexane-3 : 5-dione corresponding with the 
halogen derivatives of 1 : 1-dimethylcyclohexane-3 : 5-dione men- 
timed above; and they find that there is a close resemblance 
between the chemical properties of the corresponding compounds. 
The bromoxy] formula is disproved by the preparation of an identical 
cyclohexanespiro-4-chloro-4-bromocyclohexane-3 : 5-dione both by 
brominating the 4-chloro-compound and by chlorinating the 
4-bromo-compound ; similar experiments carried out with 1 : 1-di- 
methyleyclohexane-3 : 5-dione also show that the halogen substitu- 
tion is confined to the 4-position. 

The monohalogen derivatives of the cyclic compounds mentioned 
above are not acted upon by hydrazine hydrate, and the stability 
of the halogen atom is doubtless due to the influence of the adjacent 
double bond, for the absence of reactivity in such cases is well 
established. The dichloro-derivatives also do not react with 
hydrazine, and this is in common with the behaviour of 3 : 3-di- 
chloroacetylacetone and other compounds in which the chlorine 
atoms are subjected to the influence of two carbonyl groups alone. 
The dibromo-compounds and the chlorobromo-derivatives, on the 
contrary, react immediately with hydrazine, and one bromine atom 
isthereby removed. The reaction is quantitative, and measurement 
of the liberated nitrogen furnishes a good method of estimation for 
these compounds. 

The examples just referred to fall into line with the cases pre- 
viously discussed (this vol., p. 1116). Attention was there directed 
to the fact that, from the point of view of the polarity of the oxygen 
atoms and the resultant electropositiveness, a chlorine atom should 
be more stable than a bromine atom; for, on account of its 
inherently more electronegative nature, the alternate effect results 
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in a less electropositive atom than is the case with bromine under 
the same structural conditions. The lability of the bromine atom 
in the compounds referred to above, when contrasted with the 
stability of the chlorine atom in the corresponding dichloro. 
derivatives, furnishes striking support for this view. The resistance 
offered by the chlorine atom to reduction by hydrazine in the cases 
discussed made it seem of interest to examine the chloro-derivatives 
of malonic ester. A series of such compounds was examined, and 
the lower members were found to oxidise hydrazine quantitatively 
in terms of the equation 


2R-CC\(CO,Et), + NH,*NH, = 2R-CH(CO,Et), + N, -+ 2HCI (IV,) 


Ethyl propylchloromalonate, however, reacts only very slowly, and, 
even after four hours, less than 50 per cent. reduction is found to 
_ have occurred. This result is in agreement with those previously 
recorded (this vol., p. 904), the steric effect of the substituent 
group manifesting itself in the higher members of the series. 

It is evident that the chloromalonic esters have a greater oxidising 
power than the dichloro-compounds prepared by Vorlinder and by 
Thorpe, although the former worker regarded them as true keto- 
chlorides and assigned a bromoxyl formula to the cyclohexane 
derivatives to account for their supposedly greater oxidising powers. 
The greater reactivity of the chlorine atom in the malonic deriv- 
atives seems to be connected with the fact that it is subjected to 
the influence of the two ethoxyl groups in addition to that of the 
two carbonyl groups. 

As a further example of the labile nature of the halogen atom 
in the aliphatic nitro-compounds, a-bromo-a«-dinitroethane was 
examined. It reacts with hydrazine hydrate, nitrogen being quickly 
liberated in accordance with the equation 


2CH,-CBr(NO,), -+ NH,"NH, = 2CH,°CH(NO,), + N, + 2HBr (Vv; 


It is hoped later to submit spectrographic evidence in support of 
the keto-bromide structure of the various cyclohexane derivatives 
referred to in this paper. 


ExPERIMENTAL. 


The action of hydrazine on the undermentioned substances took 
place in a Van Slyke nitrometer. Hydrazine hydrate (50 per cent. 
solution) was used in all cases, and 1 c.c. furnished sufficient excess 
for the quantities of halogen compounds used in the experiments. 

Succinchloroimide was prepared by a modification of Bender’s 
method (Ber., 1886, 19, 2273). A slow stream of chlorine was 
passed into a solution of succinimide in 15 per cent. sodium 
hydroxide, the whole being cooled in ice. The chloro-derivative 
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separated out, and was filtered off, washed with water, and dried 
on a porous tile. It was thus obtained as a beautiful, white, 
crystalline substance, m. p. 149°. 0°267 Gram, when washed into 
the nitrometer with a small quantity of alcohol, liberated 24°4 c.c. 
of nitrogen at 14° and 734mm. The bimolecular quantity therefore 
liberates 28°15 grams of nitrogen, so the reaction proceeds according 
to the general equation already given. 

Succinbromoimide was prepared by Lengfeld and Stieglitz’s method 
(Amer. Chem. J., 1893, 15, 215). It is a white, crystalline solid, 
m. p. 174°. 0°356 Gram liberated 24-2 c.c. of nitrogen at 14° and 
738 mm., so the bimolecular quantity corresponds with 28°08 grams 
of nitrogen, which is in good agreement with the equation already 
given. 

1-Chloropiperidine—Twelve c.c. of piperidine were gradually 
added to a well-cooled aqueous solution of sodium hypochlorite 
containing 2°5 per cent. of available chlorine. After the vigorous 
reaction ceased, the product was extracted with ether, the extract 
dried with calcium chloride, and the solvent evaporated off at 
room temperature under a pressure of 12mm. The chloropiperidine 
thus obtained is an oil of 90 per cent. purity: it is very unstable, 
crystals of piperidine hydrochloride forming in the course of 
twenty-four hours. 0°1800 Gram, on treatment with hydrazine, 
liberated 16-2 c.c. of nitrogen at N.7'.P., so the sample contained 
90°1 per cent. of 1-chloropiperidine. 

Ethyl y-Bromoacetylsuccinate.—Acetylsuccinic ester, b. p. 139°/12 
mm., was prepared by the action of the calculated quantity of 
ethyl chloroacetate on the dry sodium derivative of ethyl aceto- 
acetate. It was brominated by the addition of bromine (1 mol.), 
in chloroform, to a solution of the ester in the same solvent. The 
product was washed with water and dilute sodium carbonate 
solution. After further washing with water, the chloroform solution 
was dried with anhydrous sodium sulphate, and the solvent removed 
under greatly reduced pressure. The bromo-compound showed signs 
of decomposition on distillation, even at a pressure of 8 mm., and 
in a further preparation distillation was not attempted. The 
product oxidised hydrazine to a slight extent, 0°590 gram of the 
ester liberating 4°5 c.c. of nitrogen at 16° and 736 mm. This 
corresponds with 18°5 per cent. of the «-bromo-compound. 

Ethyl Dibromodiacetylsuccinate—The diacetylsuccinate was pre- 
pared in the usual way by the action of iodine on ethyl sodioaceto- 
acetate. It was brominated by the gradual addition of bromine 
(2 mols.), in chloroform, to a solution of the ester in the same 
solvent. After washing as described in the case above, the chloro- 
form solution was dried with calcium chloride, and the solvent 
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removed under greatly reduced pressure. The residue was aM been | 
colourless, viscid syrup which reacted slightly with hydrazine. § mact 
2°7 grams were dissolved in 25 c.c. of alcohol, and 10 c.c. of the § titat? 
solution liberated 13-2 c.c. of nitrogen at 16° and 750 mm. This with 
corresponds with 21°2 per cent. of the «-bromo-compound. cy¢ 

4-Chloro-1 : 1-dimethyleyclohexane-3 : 5-dione—The 1 : 1-dimethyl. § pare 
cyclohexane-3 : 5-dione was prepared by the condensation of mesity| § hyd 
oxide * and ethyl malonate by means of sodium (Vorlander and § 44: 
Erig, Annalen, 1897, 294, 314). This was converted into the @ there 


chloro-compound by the addition of an aqueous solution of sodium 
hypochlorite to a solution of the parent compound in dilute alkali. 
On acidifying with hydrochloric acid, the chloro-compound was 
precipitated, and was crystallised from dilute alcohol. The chloro. 
compound, m. p. 161°, is not reduced by hydrazine. 

4-Bromo-1 : 1-dimethylcyclohexane-3 : 5-dione was prepared by the 
action of bromine on the parent compound (Vorlander and Kobhl- 
mann, loc. cit.). It is without action on hydrazine. 

4 : 4-Dichloro-1 : 1-dimethyleyclohexane-3 : 5-dione was prepared 
by the action of chlorine on an ice-cold solution of the parent 


substance in chloroform. It was crystallised from dilute alcohol, § bit 
and found to be unacted upon by hydrazine. the 
4 : 4-Dibromo-1 : 1-dimethyleyclohexane-3 : 5-dione was prepared ] 
by triturating the parent compound with the calculated amount of § of 
bromine, a little water being present. The product was crystallised § est 
from a mixture of equal parts of alcohol and water, and then melted § ke] 
at 144°. It reacted readily with hydrazine, 0°596 gram liberating § b. 
23°5 c.c. of nitrogen at 13° and 760 mm. The bimolecular quantity § an 
therefore liberates 28°18 grams of nitrogen, one atom of bromine § 74 
being quantitatively removed in the reaction. ni 
4-Chloro-4-bromo-1 : 1-dimethylcyclohexane-3 : 5-dione was prepared 
by triturating the monochloro-compound with bromine (1 mol.) in 
the presence of water. It was crystallised from equal parts of 
alcohol and water, and then melted at 138—139°. It reacted of 
quickly with hydrazine, 0°507 gram liberating 23°6 c.c. of nitrogen 9 b 
at 14° and 755 mm. The bimolecular quantity therefore liberates al 
28°07 grams of nitrogen, and the bromine atom is quantitatively 2 


eliminated in the reduction. 

cycloHexanespiro-4-chloro- and cycloHezanespiro-4-bromo-cyclo- 
hexane-3 : 5-dione were prepared by the methods described by Norris 
and Thorpe (loc. cit.). Neither compound reacted with hydrazine. 
The 4 : 4-dichloro- and the 4 : 4-dibromo-compounds have previously 


* We are indebted to Dr. R. C. Menzies for the mesityl oxide used in this 
preparation. It was prepared by the action of calcium carbide on acetone, 
and the method proved to be a good one. 


— CO —_ se et 
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been examined (this vol., p. 1116). The former was found to be 
-Bmacted upon by hydrazine, and one atom of bromine was quan- 
titatively removed from the latter : the cases are thus in agreement 
vith the results now described. 

eycloHexanespiro-4-chloro-4-bromocyclohexane-3 : 5-dione was pre- 


ethyl. § pared by Norris and Thorpe’s method, and was found to react with 
1esity| ff hydrazine with the ready evolution of nitrogen ; 0°587 gram liberated 
r and § 244 c.c. of nitrogen at 13° and 733 mm. The bimolecular quantity 
© the § therefore liberates 28°19 grams of nitrogen, and the bromine atom 
dium § is quantitatively removed in the reaction. 

kali Methyl chloromalonate was prepared by the gradual addition of 


ulphuryl chloride (1 mol.) to freshly distilled methyl malonate 
(1 mol.), the latter being gently warmed to start the reaction. 
Having been kept for some time, the mixture was heated under 
reflux for upwards of an hour to complete the reaction, and the 
product fractionated under reduced pressure; it had b. p. 95°/14 
mm. An alcoholic solution was prepared containing 1°665 grams 
in 25 c.c., and 5 c.c. of this solution, on treatment with hydrazine 
hydrate, liberated 23°7 c.c. of nitrogen at 14° and 748 mm. The 
bimolecular quantity therefore liberates 27°86 grams of nitrogen, so 
the reaction takes place according to equation IV, where R = H. 
Methyl dichloromalonate was conveniently prepared by the action 
of a molecular quantity of sulphuryl chloride on the monochloro- 
ester. After heating under reflux for some time, the mixture was 
kept over-night and fractionated under reduced pressure. It had 


‘ing § b.p.110°/15mm. 1-005 Grams were dissolved in 25 c.c. of alcohol, 
ity § and 5 c.c. of the solution liberated 23°9 c.c. of nitrogen at 14° and 
ine § 748mm. The molecular quantity therefore liberates 28-1 grams of 
nitrogen, so the reaction is quantitative in terms of the equation 

on CCl,(CO,Et), -+ NH,-NH, = CH,(CO,Et), + N, + 2HCl. 

of Ethyl chloroisosuccinate was prepared by the direct chlorination 
ed of ethyl isosuccinate (Bischoff, Annalen, 1894, 279, 164). It had 
en 9 b. p. 110°/13 mm. 2-085 Grams were dissolved in 25 c.c. of alcohol, 
es and 5 c.c. of the solution, on treatment with hydrazine, liberated 
ly 24°6 c.c. of nitrogen at 20° and 743 mm. The bimolecular quantity 


] therefore liberates 28°14 grams of nitrogen, so the reaction proceeds 
] in agreement with the equation IV, where R = CHs. 

Ethyl ethylchloromalonate was prepared by direct chlorination of 
the parent ester. It had b. p. 105°/16 mm. An alcoholic solution 
was made containing 2°225 grams in 25 c.c., and 5 c.c. of this solution 
liberated 24:0 c.c. of nitrogen at 16° and 748 mm. The bimolecular 
quantity therefore liberates 28°02 grams of nitrogen, so the reaction 
is in accordance with equation IV, where R = C,H;. 
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Ethyl propylchloromalonate was prepared by the direct chlorination 
of ethyl propylmalonate. It had b. p. 125°/13 mm. and 120°/11 mm, 
An alcoholic solution was prepared containing 2°365 grams in 25 ¢.c,, 
and 5 c.c. of this solution had liberated only 11-2 c.c. of nitrogen, 
or less than half the volume to be expected, after four hours. 

a-Bromo-aa-dinitroethane was prepared from nitroethane by the 
following stages, the reactions being carried out in the usual way. 
Nitroethane —> «a-bromo-«-nitroethane —> a«-dinitroethane — 
a-bromo-a«-dinitroethane. 1:592 Grams were dissolved in 25 c.. 
of alcohol, and 5 c.c. of this solution liberated 23°8 c.c. of nitrogen 
at 16° and 756 mm. The bimolecular quantity therefore liberates 
28°1 grams of nitrogen, so the reaction proceeds quantitatively in 
accordance with equation V. 


One of us (E. L. H.) desires to acknowledge his indebtedness to 
the Carnegie Trust for a grant which enabled him to participate in 
the work. 
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CCLXI.—The Interaction of Aniline and Acraldehyde. 


By FREDERICK GEORGE MANN. 


Scurrr (Ann. Suppl., 1864, 3, 358) found that aniline and acralde- 
hyde reacted vigorously when mixed, even when chilled in a mixture 
of ice and salt. After lengthy purification, he obtained an odourless, 
varnish-like solid, to which he assigned the formula C,gH,,N,, 
basing this conclusion on the analysis of a platinichloride of the 
base. Schiff notes that this base gives no crystalline derivatives, 
and that if an excess of aniline be present the base assumes a 
beautiful red colour. According to Koenigs (Ber., 1880, 13, 911), 
the crude acraldehyde-aniline yields on dry distillation about 7 per 
cent. of impure quinoline and a small quantity of a less volatile 
base. He suggested that the yield of quinoline might be increased 
if the material was distilled with certain metallic oxides; boiling 
with a mixture of sulphuric acid and potassium chromate, however, 
gave no quinoline. 

In the present investigation, the crude acraldehyde-aniline was 
prepared by adding aniline to acraldehyde cooled in a mixture of 
ice and salt; the mixture rapidly yielded a viscous syrup, which 
changed to a pale yellow solid. This was purified by solution 
in ether and precipitation with light petroleum, and the white, 
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amorphous precipitate proved to have the composition C,gHONg, 
being formed in accordance with the equation 


2CH,:CH-CHO + 2C,H,*NH, = C,,H,,ON, + H,0. 


This compound, when fused or exposed in solution, develops a 
deep red colour owing to oxidation, and not, as Schiff suggested, 
owing to an excess of aniline in the original preparation; the red 
oxidation product is separated from the unchanged white base 
by means of its insolubility in ether. It has the composition 
(sgH3g03N,, and is formed in accordance with the equation 


2C,,H ON, + O, = C3gHsg0,N, + H,0O. 


This compound is a deep red, amorphous, feebly basic powder, 
the colour of which on exposure to light for several weeks slowly 
fades to pale brown. 

Several attempts were made to obtain quinoline from the com- 
pound C,,H,,ON,, but none was successful. When slowly heated 
at atmospheric pressure, the base melts to a red liquid, and aniline 
in 78 per cent. yield slowly distils; contrary to the statement of 
Koenigs, no quinoline could be detected in the distillate. Dis- 
tillation with metallic oxides or prolonged heating with nitrobenzene 
gave aniline but no quinoline. 

p-Toluidine reacts with acraldehyde to give the analogous com- 


pound, C,,H,,ON,, which on distillation regenerates the base. 


ExPERIMENTAL. 


The Base C,,H.,ON,.—-Acraldehyde (8-4 grams) was chilled in a 
mixture of ice and salt and well stirred while 14-0 grams of aniline 
were slowly added. When about one-third of the aniline had been 
added, the mixture, which had at first remained a transparent, 
limpid liquid, suddenly became pale yellow and very viscous, 
much heat being generated, and finally the complete mixture 
rapidly solidified. After twenty-four hours, it was dissolved in 
ether, filtered free from water formed in the condensation, and 
the dilute solution added slowly to light petroleum (b. p. 60—80°), 
the base separating as a pure white, amorphous precipitate. If 
the ethereal solution is too concentrated, the base is precipitated 
as a viscous syrup, making further treatment difficult. The base 
was filtered, dried over calcium chloride and paraffin wax until 
free from petroleum, and, before analysis, heated at 40° in a stream 
of hydrogen under reduced pressure. On heating, it shrank 
together into a plastic rod at 70° and melted at 84° [Found: C = 
77:2; H=70; N=10-0; WM, by cryoscopic method, 566 (in 
benzene), 550 (in nitrobenzene). C,,H,,ON, requires C = 77:1; 
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H = 7-2; N= 10-0 per cent.; M = 280-2]. The base is freely 
soluble in ether, chloroform, benzene, or acetone; it dissolves in 
hot alcohol, and on cooling separates as a white powder. The 
addition of a small quantity of dilute hydrochloric or sulphuric 
acid to its acetone solution produces a deep red colour. The 
following derivatives were prepared. 

Platinichloride, (C,g,Hj,0ON.).,H,PtCl,.— Obtained by filtering a 
solution of the base in dilute hydrochloric acid directly into chloro- 
platinic acid solution. The platinichloride is a pale buff-coloured 
powder, which shrinks slightly at 240°, but does not melt below 
300°, where it has decomposed to a brittle, black mass (Found: 
Pt = 20-1. C,,H,.O,N,Cl,Pt requires Pt = 20-1 per cent.). 

Picrate, C,,H,,»ON,,C,H,0,N,.—Obtained by direct precipitation 
with alcoholic picric acid solution in the ether-light petroleum 
filtrate from the original purification of the base. The greenish- 
brown, amorphous picrate, after purification by reprecipitation in 
light petroleum, shrank at 85° and melted with decomposition at 
120—121° (Found: C = 566; H=45; N= 13-5. C,,H,,0,N, 
requires C = 56-6; H = 4-5; N = 13-7 per cent.). 

Bromide.—On adding an excess of a dilute bromine solution in 
light petroleum to the ether-light petroleum filtrate, a buff-coloured 
precipitate separated, which evolved hydrogen bromide for several 
hours. It was then shaken with dilute potassium hydroxide 
solution and purified by precipitation with light petroleum from 
chloroform solution. The pale brown, hygroscopic powder shrank 
at 110° and melted with decomposition at 178—180°; on exposure 
to light for three weeks, the colour faded slightly. The composition 
of the bromide is uncertain, but the base apparently adds on two 
molecules of bromine and then loses one of hydrogen bromide, 
giving the compound C,,.H,,ON,Br, (Found: C = 41-6; H = 3-4; 
Br = 46-8. C,,H,,ON,Br, requires C = 416; H=3-7; Br= 
46-2 per cent.). 

The Oxidation Product, C,;,H,,0,N,—The white base is heated 
for two hours on a water-bath, and the deep red, viscous melt is 
stirred from time to time. The yield of the oxidation product is 
increased if a few drops of strong hydrogen peroxide solution are 
added occasionally. The molten product is allowed to cool in a 
vacuum over phosphoric oxide, and when coid the brittle red solid 
is ground to a fine powder and added in small portions at a time 
to a large excess of anhydrous ether, which is shaken throughout 
the whole operation. After several minutes’ shaking, the residue 
is filtered and washed free from the deep red filtrate with dry ether. 
The brick-red powder shrinks at 126° and melts with decomposition 
at 143° (Found: C=75-1; H=65; N=9-8. C,,H3,0,N, 
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requires C = 75-2; H=6-7; N=9-8 per cent.). It gave the 


following derivatives : 


eS In 
The § Platinichloride, C,,H,;,0,N,,H,PtCl,—Prepared in the same 
hurie § way as that of the base C,,H,,ON,, but the red compound is so 


feebly basic that much remained undissolved in dilute hydrochloric 
acid. The platinichloride is a dark red powder which shrinks at 
220° and melts with decomposition at 280° (Found: Pt = 19-7. 


ng a 

loro. Hf CygHyoO3N,ClePt requires Pt = 19-8 per cent.). 

ured Picrate, C3g,H,,0,N,,C,H,0,N;.—Precipitated with alcoholic 
eloy § picric acid solution from the saturated ethereal solution of the base. 


nd: @ The picrate is a dark greenish-brown powder shrinking at 100° and 
melting to a black mass at 140° (Found: C = 6255; H= 49; 
tin @ N= 12-0. C,,H,,0,)N, requires C = 62:7; H=51; N= 12-2 
‘um § per cent.). 
ish- Bromide.—Obtained by precipitation in light petroleum-—chloro- 
in § form solution by an excess of a dilute ethereal solution of bromine. 
at § The precipitate evolved hydrogen bromide for many hours, and was 
N, § then treated in the same way as the bromide of the base C, gH ,ONg. 
The dark reddish-brown powder thus obtained shrank at 180° 
in § and melted with decomposition at 280°; analysis showed it to be 
ed an impure tetrabromide. 
ral Dry Distillation of the Base C,,Hjj>Q0N,.—One hundred and fifty 
de grams of the powdered base were heated gently in an oil-bath. 


The powder melted to a red liquid which darkened in colour as 
water and then aniline distilled off. The bath was gradually 
raised to 285°, when a metal-bath was substituted and the tem- 
perature raised to 450°, the complete operation lasting ten hours. 
Righty-five grams of damp aniline had then distilled over, and 
there remained behind 50 grams of light, brittle, carbonaceous 
matter. Rectification of the distillate gave 78 grams of aniline 
boiling at 183—185°, which, on acetylation, gave acetanilide, 
m. p. 112°; this fraction was followed by about 2 grams of a non- 
basic liquid in which no quinoline could be detected, and a small, 
tarry residue remained. The aniline corresponds with a yield of 
78-5 per cent. 

Aniline also resulted from the distillation of the base under 
reduced pressure. 

Attempts were made to dehydrate the base by mixing it with 
a large excess of 90 per cent. sulphuric acid and then heating at 
150° for three hours; also to oxidise it by adding arsenic acid to 
such a mixture and heating at 110° for the same period. In each 
case, the product was diluted, made alkaline, and steam-distilled, 
but a small yield of aniline alone resulted and much tarry matter 
remained. Aniline in good yicld resulted also from the distillation 
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of intimate mixtures of the base with lead dioxide and copper 
oxide, the mixture in each case being distilled from an oil-bath, 
the temperature of which rose slowly to 250°. When the distillate 
was refractionated, no quinoline was detected; the addition of 
the metallic oxides was therefore without effect. 

In another experiment, the base was heated under reflux with 
its own weight of nitrobenzene in an oil-bath, the temperature of 
which rose from 130° to 190° in the course of six hours. The dark. 
coloured product was diluted with water, acidified, and the 
unchanged nitrobenzene distilled with steam; the residue was 
then made alkaline, and further steam distillation yielded a small 
quantity of aniline, the greater part of the original base having 
been converted to a black, tarry mass. 

p-Toluidine and Acraldehyde.—p-Toluidine (8-1 grams) in cold 
saturated ethereal solution was added to 4:2 grams of chilled 
acraldehyde, and after twenty-four hours the pale red solution was 
added to an excess of light petroleum. The cream-coloured, 
amorphous precipitate shrank at 100° and melted at 111° to a red 
liquid (Found: C = 77-9; H= 7-5 OC, )H,,ON, requires C = 77'8; 
H = 7-8 per cent.). 

This base, on dry distillation, gave water and p-toluidine, the 
latter, when dry, melting at 43°. 


The author wishes to express his thanks to Professor Sir William 
Pope, at whose suggestion the work was undertaken. He is 
indebted to the Department of Scientific and Industrial Research 
for a grant which enabled the work to be carried out, and to 
Mr. Fred Flack for much help in the analyses. 
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CCLXII.—T he Mechanism of the Formation of Benzoyl- 
benzoin by Treatment of Benzoylmandelonitrile with 
an Alcoholic Solution of Sodium Ethoxide. 


By Herspert GREENE and Rosert Rosrson. 


Rosrnson and Rosryson (P., 1913, 29, 266; T., 1914, 105, 1456) 
noticed that benzoylmandelonitrile (Francis and Davis, T., 1909, 95, 
1404) is converted into benzoylbenzoin together with ethyl benzoate 
and a little benzyl benzoate when its alcoholic solution is treated 
with cotarnine, sodium acetate, potassium carbonate or, best of all, 
with sodium ethoxide, and they expressed the opinion that this 
result indicates that benzoin-type syntheses are the outcome of 
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reaction between two molecules of cyanohydrin or benzoyleyano- 
iydrin. The difficulty which was felt in applying Lapworth’s 
view of the mechanism of the benzoin reaction (T., 1903, 83, 1004) 
io the production of benzoylbenzoin was in connexion with the 
dimination of the elements of hydrocyanic acid, which could not 
in this case be represented as a simple process. This difficulty 
is removed or rather elucidated by a consideration of the experi- 
ments recorded in the present communication, and strong con- 
frmatory evidence of the accuracy of Lapworth’s hypothesis has 
been obtained. If the reaction which leads to the formation of 


Was 
mal] q benzoylbenzoin occurs in the first place between two molecules of 
ving benzoylmandelonitrile, there is no obvious reason why the yield 


should be affected by the addition of benzaldehyde. On the other 
hand, we should expect a material increase if the necessary first 
stage is the alcoholysis of benzoylmandelonitrile into ethyl benzoate, 
a cyanide, and benzaldehyde, which last undergoes condensation 
with a second molecule of benzoylmandelonitrile. We find, however, 


red, 
req § that the yield of benzoylbenzoin may be considerably increased 
.g. | by the addition of benzaldehyde to the reaction mixture. The 


same thing is true of the formation of benzoylpiperoin, 
CH,0,:C,H,°CO-CH(OBz)-C,H,:0,CH, (1), 
which is best obtained by the action of sodium ethoxide on an 
alcoholic solution of equimolecular quantities of benzoyl-3 : 4- 
methylenedioxymandelonitrile and piperonal. In order to test 
this point still more stringently, we attempted the condensation 
of benzoylmandelonitrile and anisaldehyde and found, as we 
expected, that the main product was a methoxybenzoylbenzoin to 
which we ascribe the constitution COPh*CH(OBz)-C,H,-OMe (II) 
for the reasons which appear in the sequel. It is thus quite clear 
that the reaction is fundamentally a condensation of benzoyl- 
mandelonitrile with benzaldehyde, and the probable aldol-like 
intermediate stage (III) must then be assumed to lose the elements 
of hydrocyanic acid with formation of benzoyibenzoin. 

The latter process cannot well be assumed to take place directly 
so as to give the enol form of the benzoylbenzoin, and the most 
natural hypothesis is that the benzoyl group wanders and becomes 
attached to the other oxygen atom. This gives the cyanohydrin 
(IV) of benzoylbenzoin, and the easy final stage would be the 
decomposition of this unstable derivative in the strongly alkaline 
solution, with formation of benzoylbenzoin. 


oN CN 
Ph-C—CHPh-OH —> Ph-C—CHPh-OBz —> 
OBz ou COPh-CHPh-OBz -++ HCN 


(III.) (IV.) 
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Migrations of an acyl group are of course not at all uncommon, 
and we have employed the following device in order to prove that 
the benzoylbenzoin synthesis is a new example of such a molecular 
rearrangement. By condensing together benzoylmandelonitrile 
and piperonal on the one hand and benzoylmethylenedioxymandelo. 
nitrile and benzaldehyde on the other, we obtained as the main 
products the isomeric benzoyl derivatives of methylenedioxybenzoin, 
The isomeride from the first pair melted at 135° and from the 
second pair at 148° and one of the formule V and VI represents the 
constitution of each of these substances. 


(0-CH, /O-CH, 
COPh: CH(OB2)—K_ 0 CHPh(OBz)-CO€ oh 
(V.) (VI.) 


In order to make a definite allotment of these expressions, we 


have compared the two isomerides in respect of the ease with which § (XI 
they may be nitrated. This method has already been used by 
G. M. Robinson (T., 1917, 141, 109) to demonstrate the unsym- } 
metrical character of azoxyveratrole, since it was found that only § anc 
one nucleus was nitrated or brominated in acetic acid solution. § rea 
Similarly, we find that piperoin and benzoylpiperoin yield only § oc 
mononitro-derivatives (VII and VIII, respectively) when nitrated § of 
in acetic acid solution, and piperil, it is important to notice, is not § fit 
attacked under the same conditions. cal 
19 
(VIL) CH, Ps e co-cHony-()" SCH, 
"No/ NOX 0% 7 
in 


wan) cH t co CH (ORs) (” XG SoH, 
O 


Piperil yields a dinitro-derivative (IX) when treated with con- 
centrated nitric acid, which also converts mononitropiperoin into 
dinitropiperoin (X). 


oxy) CHO oO Y”* cat 
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Further, we find that 3 : 4-methylenedioxymandelic acid yields the 
nitro-derivative (XI) on nitration in acetic acid solution, whilst homo- 
piperonyl methyl ether is readily nitrated under conditions which do 
not affect piperonal and piperonyl ethyl ketone. It is abundantly 
dear, therefore, that V represents a substance which should be 


Main § capable of nitration in acetic acid solution and under conditions 
nzoin. § which should leave a substance of formula VI unchanged. The 
m the # experiment of the nitration of the benzoylmethylenedioxybenzoins 


gave a conclusive result, since under identical conditions the iso- 
meride melting at 135° gave a nitro-derivative melting at 172°, 
and the isomeride melting at 148° was recovered unchanged. The 
nitro-derivative must have the formula XII and therefore the sub- 
stance melting at 135° is represented by V, leaving the expression 
VI for the isomeride melting at 148°. 


sme  COPh-CH(OBr)- at i is Sou, ( pe YCoHs:0,CH, (xq11,) 
vhich § (XII) BOK JO ai n/ Cot :0,CH, 

1 by 

sym- Now V is obtained from RMP 28 and piperonal, 


and therefore the benzoyl group migrates at some stage of the 
reaction. It is possible to represent the migration as a process 
occurring simultaneously with the elimination of the elements 
of hydrocyanic acid and this is shown below in a scheme which 
fits into the generalised form of the pinacone-pinacolin and borneol- 
camphene rearrangements (Robinson, Mem. Manchester Phil. Soc., 
1920, 64, iv, 7). The nitrile group is here regarded as a unit 
analogous to a halogen atom and this is only acceptable if it be 
assumed to undergo preliminary change to the isonitrile condition. 
With this proviso, the alternate polarities of the atoms and groups 
in the rearrangement cycle are well brought out in this example. 


n- 
ito 


The process is thus represented as continuous, and the benzoyl 
group is transferred to its new position as the result of the valency 
distribution changes consequent on the formation of hydrocyanic 
acid. It makes little difference if the reaction is represented as 
ionic or if the substance which is eliminated is sodium cyanide, 
and a similar intermediate stage can be postulated. 

We have not yet attempted the hydrolysis of the benzoates of 
the mixed benzoins, because the researches of Wren (T., 1909, 95, 
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1595) on the racemisation phenomena of /-beuzoin and its methy| 
ether indicate that it is improbable that pure substances woul 
result. It will probably be necessary to work with substance 
containing readily removable acyl groups such as the carbomethoyy. 
derivatives, and it is hoped that investigations in this direction 
will be made. 

The o-nitropiperoins now described give interesting results on 
reduction, but this matter is reserved for a future publication. It 
should be noted that dinitropiperil (IX) does not condense with 
o-phenylenediamine, and that this is due to the effect of the nitro. 
groups in the ortho-positions was proved by the ready formation 
of 2 : 3-dipiperonylquinoxaline (XIII) from piperil and o-phenylene. 
diamine. On one occasion only, the action of sodium ethoxide 
on an alcoholic solution of benzoylmethylenedioxymandelonitril 
resulted in the production of a small amount of a substance, 
C,,H,,0;N, melting at 153°. This has the composition of a di- 
piperonyloxazole or isooxazole, but the substance is not identical 
with 2: 5-dipiperonyloxazole (XIV), which was prepared for 
purposes of comparison by the action of hydrogen chloride on a 
mixture of piperonal and its cyanohydrin in ethereal solution. 
Possibly the substance, m. p. 153°, is a dipiperonylisooxazole of the 


formula XV. 
O 


CH,0,:0,H,0” \C-C,H,:0,CH, gad Ao 
CH-—N CH,0,:C,H, ———¢. C,H,-:0,CH, 
(XIV.) (XV.) 
The nomenclature of benzoin derivatives used in this communica- 
tion is based on the scheme : 


Pa me” os a 
», ie Poo pee 


5 / 


EXPERIMENTAL. 
Preparation of Benzoylbenzoin. 


A cold solution of sodium ethoxide (from 1:2 grams of sodium) 
in ethyl alcohol (25 c.c.) was added to a mixture of benzoylmandelo- 
nitrile (11°9 grams), ethyl alcohol (30 c.c.), and the weight of benz- 
aldehyde given in the table below. Rise of temperature was checked 
by cooling the containing vessel in running water, and vigorous 
shaking was continued until the separation of much solid matter 
indicated approximate completion of the reaction. Ether (200 c.c.) 
and water were then added to effect complete solution, and the 
separated ethereal layer was successively thoroughly washed with 
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water, aqueous sodium bisulphite, sodium carbonate solution, 
again with water, and finally dried over anhydrous sodium sulphate. 
The golden syrup which remained after removal of the solvent 
sowly deposited crystals which were found to consist essentially 
of benzoylbenzoin (m. p. 125°) mixed with a little benzoin. 
The mother-liquor contains ethyl benzoate, and this substance 
was isolated by distillation in steam, extraction from the 
distillate, and distillation. The benzoylbenzoin was purified by 
crystallisation from alcohol, and a further quantity recovered 
by the addition of water to the sodium sulphate used as drying 
agent. This portion, having crystallised from ether, was already 
nearly pure and merely required to be washed with alcohol. The 


methy! 
would 
‘tances 
thoxy. 


"ection 


Its on 
n. It 
» With 
nitro. 
lation 
Vlene. 


oxide f yields obtained are tabulated below and the amounts of benzoy]l- 
iitrile § benzoin quoted should no doubt be increased, as loss is unavoidable 
ance, § in the tedious process of fractionation. 


a di- 
tical 


Benzaldehyde employed. Crude yield. Benzoylbenzoin. 
None 4-4 3-2 


for 2-5 c.c. 6-0 4-2 
5-0 c.c. (1 mol.) 7-9 5-7 
on a 10-0 c.c. 8-6 6-9 


tion. 
f the 


Benzoylpiperoin (Formula I). 


In our earlier work, some trouble was experienced owing to 
the fact that benzoylmethylenedioxymandelonitrile could not be 
crystallised. Subsequently, a crystal nucleus was obtained, and 
there was then no difficulty in preparing large quantities of the pure 
substance. It is necessary, however, to describe one experiment 
with the crude material, since on this occasion a substance was 
isolated which we have since been unable to produce. The nitrile was 
prepared as directed by Francis and Davis (loc. cit.) and dissolved 
in ether. The solution was washed with aqueous sodium bi- 
sulphite, dried by sodium sulphate, and the solvent evaporated. 
The residue (27°5 grams) was mixed with a cold solution of sodium 
ethoxide (from 2°4 grams of sodium) in ethyl alcohol (37 c.c.), 
when almost at once a stiff paste was produced. This was well 
stirred during half an hour, and water and ether were then added. 
A pink solid remained undissolved and was collected and washed 
with hot water and hot alcohol, which latter solvent removed the 
colour. The substance was crystallised from acetic acid and proved 
to be benzoylpiperoin (see below). The separated ethereal solution 
was washed with water and in the course of a few days deposited 
some yellow crystals, which were collected (0°8 gram) and crystal- 
lised twice from alcohol (Found : C = 65°9, 65°9; H = 3°8, 4:1; N= 
48,48. C,,H,,0,N requires C = 66:0; H = 3-6; N = 4°5 per cent.). 
This substance is rather sparingly soluble in alcohol or ether and 


CH, 


ica- 
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crystallises in very thin, pale greenish-yellow flakes melting at 153°; 
Its solution in benzene does not exhibit fluorescence, and in nitric 
acid it dissolves to a green solution which quickly becomes brown, 

The ethereal mother-liquor, after separation of this nitrogenoy 
compound, was evaporated and 0°4 gram of piperoin isolated by 
crystallisation of the residue from alcohol. The substance melted 
at 119—120°, and at 120—121° when mixed with an authentic 
specimen of piperoin. The yield of pure benzoylpiperoin obtained 
was very poor (1*1 grams), but was much increased when piperonal 
was added te the reaction mixture. Thus crude benzoylmethyl.§; 
enedioxymandelonitrile (27°8 grams) and piperonal (15 grams), 
treated with a solution of sodium ethoxide (from 2°3 grams of 
sodium) in ethyl alcohol (80 c.c.), gave 11:2 grams of pure benzoyl. 
piperoin. 

Benzoylpiperoin crystallises from acetic acid in colourless, diamond. 
shaped prisms and melts at 169° (Found : C = 68:2, 68:3; H = 4'1, 
4:0. C,3H,,0, requires C= 683; H=40 per cent.). It is 
very sparingly soluble in ether, alcohol, or acetone, moderately 
soluble in acetic acid, and readily soluble in chloroform or benzene. 

The substance was also obtained from piperoin by prolonged 
shaking with aqueous sodium hydroxide and benzoyl chloride: 
The product was crystallised from acetic acid and melted at 168°. 


The melting point was raised to 168—168°5° by admixture with a 
specimen melting at 169° prepared as described above. 


2 : 5-Dipiperonyloxazole (Formula XIV). 

The sodium bisulphite compound (27 grams) of piperonal was 
converted into methylenedioxymandelonitrile by shaking with an 
aqueous solution of potassium cyanide, and the oil dissolved in 
ether (200 c.c.). The separated ethereal solution was then dried 
over anhydrous sodium sulphate, and after the addition of piperonal 
(15 grams) a stream of hydrogen chloride was passed through the 
filtered liquid during four and a half hours. The containing vessel 
was meanwhile cooled in a mixture of ice and salt, and a crystalline 
precipitate gradually separated. This, which is possibly a hydro- 
chloride, was collected and washed with 90 per cent. alcohol until 
colourless. The free oxazole thus obtained was crystallised from 
acetic acid containing a little water and separated in colourless 
needles melting at 213° (Found: C = 65:9; H = 3°8. C,,H,,0;N 
requires C = 66°0; H = 3°6 per cent.). The substance is readily 
soluble in acetic acid or hot benzene, moderately soluble in cold 
benzene, and very sparingly soluble in alcohol. Its benzene and 
alcoholic solutions exhibit violet fluorescence. It is a feeble base and 
is converted by concentrated hydrochloric acid to a greenish-yellow, 
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‘Bparingly soluble hydrochloride, which is hydrolysed by water or 
alcohol. The strongly fluorescent solution in sulphuric acid slowly 
acquires a cherry-red colour, which becomes brown and then greenish- 
brown on gently heating. On the addition of nitric acid to a solution 
y fof the substance in acetic acid, a bright yellow liquid is produced 
and in a few minutes a nitro-derivative separates in canary-yellow 


needles. 


4’-Methoxybenzoylbenzoin (Formula I1). 


A cold solution of sodium ethoxide (from 1-3 grams of sodium) 
i: # in ethyl alcohol (25 c.c.) was added to a mixture of benzoylmandelo- 
\Buitrile (11-9 grams) and anisaldehyde (11-2 grams) dissolved in 
ethyl alcohol (30 ¢.c.). The reaction was controlled by shaking 


nzoyl- and cooling under the tap during ten minutes and then allowed 

to proceed at the room temperature for two hours. Water and ether 
nond-§ were then added and the ethereal solution washed with water, 
= 41,8 odium bisulphite solution, aqueous sodium carbonate, and then 


again with water. After drying with sodium sulphate, filtering, 
and distilling off the ether, a syrup remained which was treated 


zene. § with a little methyl alcohol and then deposited crystals (1-4 grams). 
nged I The substance was collected and twice recrystallised from 90 per 
ride: § cent. alcohol (Found: C= 76-1; H=5-3. C,,H,,0, requires 
168°. C= 76:3; H=5-2 per cent.). This compound is moderately 
ith af wadily soluble in alcohol, sparingly soluble in ether, and melts at 


119-5—120-5°. The colourless prisms are seen under the micro- 
sope to be of various complex shapes, all of which are possible 
representatives of the monoclinic type. Attempts to prepare 
the isomeride of this substance, that is, 4-methoxybenzoyl- 
benzoin, were unsuccessful. In an experiment similar to that 
described above but starting from benzoyl-p-methoxymandelo- 
nitrile and benzaldehyde, a substance melting at 105° was isolated 
insmall yield. This was identified as p-methoxybenzoin (Meisen- 
himer, Annalen, 1907, 355, 249), since its melting point was not 
depressed when the compound was mixed with a specimen of the 
substance produced by the method of Ekecrantz and Ahlqvist 
(Arkiv Kem. Min. Geol., 1908, 3, Nr. 13, 26). In another experi- 
ment, the proportion of sodium ethoxide employed was increased 
by 50 per cent. and in this case a minute amount of 4’-methoxy- 
benzoylbenzoin was isolated. The substance was identified by 


sN Bits melting point, 117—119°, which was raised half a degree by 
ily Badmixture with a specimen melting at 119—-120°. The quantity 


obtained was so small that theoretical conclusions should not, 
in our opinion, be based on the experiment. It is quite possible 
that an equilibrium 

R-CO-CH(OBz):R’ = R-CH(OBz):CO-R’ 
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may be established in an alcoholic solution containing sodiun 
ethoxide, and hydrolysis would naturally occur alongside. 


3’ : 4’-Methylenedioxybenzoylbenzoin (Formula V). 


This substance was obtained by condensation of benzoylmandelo. 
nitrile (11-9 grams) and piperonal (11-0 grams) in a cold solution 
of sodium ethoxide (from 1-24 grams of sodium) in alcohol (55 ¢.c)), 
The reaction was allowed to proceed during half an hour, and the 
product isolated as in similar cases already described. The yield 
of crude product was 10-5 grams and doubtless this material con. 
tains a high percentage of methylenedioxybenzoylbenzoin, but its 
complete purification was difficult and wasteful. Ultimately, by 
fractional crystallisation from a mixture of ether and light petroleum 
and by washing the more sparingly soluble fractions with dry ether 
and finally crystallising from 90 per cent. alcohol, 1-4 grams of the 
pure substance, melting at 134—135°, was obtained (Found: 
C=734; H=46. C,.H,,0,; requires C = 73-3; H = 4-4 per 
cent.). This substance is sparingly soluble in most organic solvents 
and crystallises from alcohol in colourless prisms which frequently 
take the form of hexagonal tablets. 


6’-Nitro-3’ : 4'-methylenedioxybenzoylbenzoin (Formula XII). 

3’ : 4’-Methylenedioxybenzoylbenzoin (1-0 gram) was dissolved 
in glacial acetic acid (20 c.c.) and, after cooling the containing 
vessel in melting ice, a mixture of nitric acid (5 c.c.; d 1-42) and 
acetic acid (5 c.c.) was added. Nitration proceeded under these 
conditions very slowly and accordingly a further quantity of nitric 
acid (10 c.c.; d 1-42) was added with vigorous shaking to avoid 
local concentration. After five minutes, some of the original 
substance had separated and the flask was removed from the ice- 
water. The liquid became yellow and then orange, and a clear 
solution was obtained. After twenty minutes, a pale yellow sub- 
stance crystallised, and after a further five minutes an equal volume 
of water was added and the solid collected, washed, and dried 
(1-1 grams). The substance is readily soluble in hot ethyl acetate, 
and separates on cooling in pale yellow, dense aggregates of short, 
prismatic needles melting at 172° (Found: C = 65-4; H=38; 
N=3-5. C,.H,,0O,N requires C= 65:2; H=3-7; N=346 
per cent.). This substance is sparingly soluble in boiling ethyl 
alcohol, and crystallises from butyl alcohol, in which it is also 
sparingly soluble, in micaceous, rectangular plates. The interest 
attaching to the formation of this compound is explained on p. 2185. 
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3 : 4-Methylenedioxybenzoylbenzoin (Formula VI). 

This substance was obtained from benzoylmethylenedioxy- 
mandelonitrile (14-1 grams) and benzaldehyde (10 c.c.) by treatment 
in the cold with a solution of sodium ethoxide (from 1-2 grams of 
sodium) in ethyl alcohol (50 c.c.). The product was isolated as 
in other cases and was purified by crystallisation from acetic acid 
and from 90 per cent. alcohol. Eventually 2-5 grams of pure 
substance, melting at 147-5—148-5°, were obtained (Found: C = 
31; H= 4-4. C,.H,,0,; requires C = 73-3; H = 4-4 per cent.). 

This compound is sparingly soluble in most solvents and separates 
from alcohol in small octahedra which have four triangular and 
four quadrilateral faces. A mixture of equal parts of this substance 
and of the isomeride, melting at 134—135°, melted at 120°. The 
nitration of this substance was attempted under conditions identical 
with those described above for its isomeride, the experiments being 
carried out side by side. No reaction occurred, and the substance 
was recovered entirely unchanged, as was proved by crystallisation 
of the product and determinations of melting point, alone and mixed 
with the original specimen. 


6’-Nitropiperoin (Formula VII). 

A large number of experiments were carried out in the hope of 
increasing the yield of piperoin obtained from piperonal, but 
although some variations gave good results the improvements 
were not consistently observed. The original process of F. M. 
Perkin (T., 1891, 59, 164) appears to be the best and we are able 
to confirm the experience of this author that the yields are materially 
decreased when quantities of piperonal greater than 5 grams are 
employed. The potassium cyanide used should be the purest 
available. Nitration of piperoin can readily be effected in stages, 
and the mononitro-derivative was obtained by operating under the 
following conditions. A mixture of nitric acid (30 c.c.; d 1-42) 
and glacial acetic acid (30 c.c.) was added with shaking to finely 
powdered piperoin (6-2 grams) suspended in acetic acid (30 c.c.). 
The containing vessel was cooled in running water at 6°, and a 
crystalline substance gradually separated from the clear yellow 
solution. After an hour, water was added, the solid collected and 
crystallised from alcohol, 3-9 grams of pure substance being obtained ® 
In another experiment, carried out at 0° but otherwise under similar 
conditions, 4-0 grams of piperoin gave 2-9 grams of the crystallised 
nitropiperoin. In this case, the crude product was well washed 
with water and a little hot alcohol and then crystallised from ethyl 
acetate (Found: C=560; H=32; N=42. (C,.H,,0,N 
requires C = 55:7; H = 3-2; N = 4-1 per cent.). The substance 
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separates from ethyl alcohol and ethyl acetate in hexagonal, prism. 
atic needles which are pale lemon-yellow when freshly prepared 
but rapidly become intense yellow on exposure to light Decom. 
position ensues on heating, but if the determination be carried out 
rapidly the compound melts at approximately 166°. It is very 
sparingly soluble in chloroform or ether, sparingly soluble in benzene, 
and moderately soluble in ethyl alcohol, acetic acid, or acetone. 
When the crude substance, obtained as described above from 4-5 
grams of piperoin, was distilled in a current of steam, 0-2 gram of 
nitromethylenedioxybenzene crystallised from the distillate and 
in the condenser. This was collected and crystallised from methy! 
alcohol and found to melt at 148°, alone or mixed with an authentic 
specimen which had been obtained as a by-product in the nitration 
of piperonal. 


6'-Nitro-3 : 4: 3’ . 4'-dimethylenetetraoxybenzoylbenzoin 
(Formula VIII). 

Benzoylpiperoin (2 grams) was dissolved in warm acetic acid 
(10 c.c.) and, after cooling, a mixture of nitric acid (5 ¢.c.; d 1-42) 
and acetic acid (5 c.c.) was at once added. The solution became 
yellow and was kept at the temperature of tap water during an hour, 
after which it was poured into water, and the precipitate collected 


and washed. The crude material was dissolved in a large volume 
of methyl alcohol and, on long standing, a yellow, crystalline crust 
separated. This was washed with hot alcohol and the substance 
then recrystallised twice from ethyl acetate (Found: C = 61-2; 
H= 3-7. C,,3H,,0,N requires C= 61:5; H=3-3 per cent.). 
Nitrobenzoylpiperoin is sparingly soluble in most organic solvents 
and crystallises in slender, pale yellow needles melting at 160-5— 
161-5°. 
6 : 6’-Dinitropiperoin (Formula X). 

This substance has been prepared by the further nitration of 
nitropiperoin by means of nitric acid (d 1-42), but it is more eco- 
nomical to nitrate piperoin directly in the following manner. Finely 
powdered piperoin (5 grams) was gradually added to nitric acid 
(200 c.c.; d 1-42), cooled to 5°, and mechanically stirred. After 
one hour, the mixture was added to water, and the precipitate 
‘collected, washed with hot alcohol (50 c.c.) and hot ethyl acetate 
100 c.c.), and crystallised from acetic acid. The yield was 3-2 
grams, and some mononitropiperoin could be recovered from the 
ethyl acetate extract. Dinitropiperoin is almost colourless when 
pure, and separates from acetic acid in highly characteristic, double 
fishtail crystals and nodular bundles of these. On heating, it decom- 
poses, becoming yellow to light brown at 150—160°, brown at 170°, 
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dark brown at 210°, and black at 240° (Found: C = 48-8, 49-6; 
H= 3-0, 2:7; N=7-1. C,H, 0, 9N, requires C = 49-2; H = 2-6; 
Y=7-2 per cent.). The substance is very sparingly soluble in 
yenzene, chloroform, ether, or alcohol, sparingly soluble in ethyl 
yetate, but moderately readily soluble in acetone. A boiling 
sitrobenzene solution of nitropiperoin or of dinitropiperoin gradually 
pecomes orange-red, and after long boiling a brick-red acid substance 


he eparates on cooling the solution. This dissolves in sulphuric 

m of 

“i aid to a most intense royal blue solution and on warming with 
n 


sitric acid is converted to a bright red compound which crystallises 
fom nitrobenzene in brittle needles melting with decomposition 
at 305° and at the same temperature when mixed with a specimen 
of 6: 6’-dinitro-3 : 4 : 3’ : 4’-di(methylenedioxy)azobenzene (Robin- 
gn and Robinson, T., 1915, 107, 1753). The reaction therefore 
ads to the production of di(methylenedioxy )azobenzenedicarboxylic 
aid, and is quite analogous to the similar decomposition of nitro- 
methylenedioxymandelic acid. In the case of mononitropiperoin, 


| the process occurs in all Jnana in accordance with the equation : 
ur, 


- (H,0,:0,H, sce, (,H,(CO,H)(0,CH,) + 
2C0,H-C,H,:0,CH,. 


6 : 6'-Dinitropiperil (Formula IX). 


Piperil (7-5 grams) was added to nitric acid (200 c.c.; d 1-42) 
at 5°, and the mixture continuously stirred. After an hour and 
a half, the product was isolated and extracted with benzene to 
rmove unchanged piperil. This was again nitrated, and ultimately 
the yield of the dinitro-derivative amounted to 6-0 grams. Even 
after four hours some unchanged piperil could be isolated by extrac- 
tion with hot benzene, and the insoluble residue was crystallised 
from a mixture of nitrobenzene and butyl alcohol (Found : C = 49-7; 
H=2-4; N=7-2. C,gH,O iN, requires C= 495; H = 2-1; 
N= 7-2 per cent.). This substance crystallises in golden-yellow 
needles which gradually decompose above 200°. It is very sparingly 
soluble in most organic solvents, but is readily soluble in hot nitro- 
benzene. It does not react with o-phenylenediamine in boiling 
acetic acid solution. A suspension in glacial acetic acid was heated 
at 100° and aqueous hydrogen peroxide added. A considerable 
quantity of the material passed into solution; after filtration, 
the acetic acid was removed by distillation in steam, and the aqueous 
solution filtered and concentrated. On cooling, 6-nitropiperonylic 
acid separated in yellow needles and after recrystallisation melted 
VOL. CXXI. 4F 
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at 171—172° and at the same temperature when mixed with a 
specimen obtained by the hydrolysis of methyl 6-nitropiperonylate, 


2 : 3-Dipiperonylquinoxaline (Formula XIII). 

A mixture of piperil (2-7 grams), o-phenylenediamine (1-3 grams), 
sodium acetate (2-0 grams), and glacial acetic acid (25 c.c.) was 
boiled during ten minutes. On cooling, the red solution deposited 
greenish-yellow crystals, and after recrystallisation from acetic 
acid the amount obtained was 2:8 grams. In another experiment. 
the sodium acetate was omitted and this did not affect the result 
materially. The substance crystallises from acetic acid in well. 
shaped, hexagonal tablets which are yellow by reflected light and 
pale green by transmitted light. It melts at 204° (Found : C = 71-4; 
H=41; N=7-6. C,.H,,0,N, requires C= 714; H = 38; 
N=7-6 per cent.). Dipiperonylquinoxaline is very sparingly 
soluble in acetone, ether, or hot methyl or ethyl alcohol, moderately 
soluble in ethyl acetate, and in benzene to a solution exhibiting 
violet fluorescence. It also dissolves in hot chloroform and separ- 
ates on cooling in rhombic prisms. It dissolves in concentrated 
sulphuric acid to an intense indigo-blue solution which becomes red 
on dilution with water. 

/CH,OMe 


6-Nitrohomopiperonyl Methyl Ether, SO so 
F 


Homopiperonyl methyl ether was obtained in almost. theoretical 
amount when a molecular proportion of sodium methoxide, dissolved 
in absolute methyl alcohol, was carefully added with cooling to 
homopiperonyl bromide (Robinson and Robinson, T., 1914, 105, 
1463), dissolved in methyl alcohol. When the temperature no 
longer tended to rise, the methyl alcohol was distilled, the residue 
dissolved in ether, and the extract washed with water and dried 
with calcium chloride. The substance was purified by distillation 
and obtained as a colourless oil boiling constantly at 127°/22 mm. 
(Found: C = 649; H=6-0. C,H,,0, requires C = 65-1; H= 
6-0 per cent.). When this ether was added to a 10 per cent. solution 
of nitric acid (d 1-42) in acetic acid, it was quantitatively nitrated 
in a few minutes at the ordinary temperature. The product was 
isolated by pouring into water, filtration, and crystallisation from 
ethyl alcohol (Found: C = 51:55; H=45; N=6-7. C,H,O;N 
requires C = 51-2; H = 43; N = 6-6 per cent.). This substance 
is somewhat sparingly soluble in most organic solvents and crystal- 
lises in silky, golden-yellow needles melting at 114-5—115-5°. 

Some further observations on the nitration of piperony] derivatives 
may be quoted. Piperonal and piperonyl ethyl ketone (Foulds 
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and Robinson, T., 1914, 103, 1963) are practically unaffected by a 10 
per cent. solution of nitric acid in acetic acid after a treatment five 
times as long as that which suffices to effect the nitration described 
above. Methyl piperonylacetate, CH,O,:C,H,°CH,°CO,.Me, is very 
readily nitrated in acetic acid solution and with formation of the 
6-nitro-derivative, CH,O,:C,H,(NO,)-CH,°CO,Me, which may also 
be obtained by the esterification of 6-nitropiperonylacetic acid 
(Foulds and Robinson, loc. cit.) with methyl-alcoholic sulphuric 
acid. Prepared in either way, methyl 6-nitropiperonylacetate 
crystallises from methyl alcohol in pale yellow needles melting at 
105° (Found: N = 5-9. CyjH,O,N requires N = 5:8 per cent.). 

Piperil is not changed by treatment during an hour with nitric 
acid and acetic acid in the proportions used for the nitration of 
3’ : 4’-methylenedioxybenzoylbenzoin, but methylenedioxymandelic 
acid is rapidly converted by such a mixture into the 6-nitro-deriv- 
ative, which melts*at 181—183° with decomposition and previous 
darkening. The substance showed the characteristic reactions 
described by Robinson and Robinson (loc. cit.). 


Benzoyl-3-benzoyloxy-4-methoxymandelonitrile, 


Pd CN 
COPH-OL Je <ocors , 
This substance was obtained by shaking an ice-cold aqueous solu- 
tion of vanillin (1 mol.), potassium hydroxide (1 mol.), and potassium 
cyanide (1-1 mols.) with benzoy! chloride (2 mois.). The solid was 
collected, washed with water, and crystallised from alcohol. The 
substance separated in colourless octahedra melting at 143—148° 
(Found: C=710; H=4-5. C,,H,,O;N requires C = 71:3; 
H = 4-4 per cent.). Attempts to convert this rather sparingly 
soluble substance into a benzoin derivative were unsuccessful. 


Table of colour reactions in concentrated sulphuric acid. 


Name or formula Colour change. 


of substance. In cold reagent. On heating. 
Anisoin Yellow-green Reddish-purple. 
Piperoin Reddish-brown Mole gray. 
I Ty ” 
II Colourless —> greenish-blue Olive-green. 
Vv Dark green —> reddish- Dark brown. 
brown 
VI Yellow —> green —> brown Reddish-brown —> reddish- 
purple. 
VII Reddish-brown Purplish-black —> reddish- 
urple —> sienna. 
Vill Yellow —> greenish-brown Reddish-purple —> gray. 
—> purplish-black 
Ix Claret Pale yellow. 
x ° 9? 
XII Blood-red Carmine —> brown. 


4¥F2 
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CCLXIII.—Quantitative Reduction by Hydriodic Acid 
of Halogenated Malonyl Derivatives. Part II. The 
s.-T'etra-substituted Amides of Bromo- and Chloro- 
malonic Acid. 


By Ratenw WINTON West. 


In Part I (Backes, West, and Whiteley, T., 1921, 119, 359), a 
description was afforded of the investigation of the action of bromine 
on the s.-disubstituted amides of malonic acid. The work has been 
extended to include the s.-tetra-substituted amides, in which it 
has been found that substitution of bromine for hydrogen in 
chloroform or acetic acid solution only takes place in the methylene 
group of the malonyl radicle. This is in contrast to the behaviour 
of such compounds as malonanilide and malontoluidide, in which 
substitution of bromine also takes place in the aromatic nucleus. 

During the attempts at exhaustive bromination of bromomalon- 
methylanilide and bromomalontetraphenylamide, these substances 
were exposed to the action of bromine vapour for several days at 
the ordinary temperature. In each case an unstable orange-red 
substance was obtained, which had the general characteristics of 
perbromides of the type mentioned by Fries (Ber., 1904, 37, 2338; 
Annalen, 1906, 346, 128). These compounds, on boiling with ethy! 
alcohol, gave colourless solutions which deposited sparingly soluble 
solids having the constitution of bromomalonmethylbromoanilide 
and bromomalontetrabromophenylamide, respectively. Further 
treatment with the halogen resulted in decomposition of the product 
under consideration. 

This limitation of the halogenation of the benzene nucleus to the 
mono-substituted derivative in cases where the phenyl group is 
attached to tertiary nitrogen is in accord with the results obtained 
by Fries and other workers on the problem of the bromination of 
the aromatic bases. 

The substitution of halogen for the hydrogen atoms of the methy]- 
ene group in this series of compounds has furnished phenomena 
which, whilst not of true “steric hindrance” character, must 
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nevertheless be included under the more general heading of “ strain 
interference.” 
As the groups R and R’ of a substituted malonamide, 
CH,(CO-NRR’),, 

where R and R’ represent alkyl and aryl radicles or hydrogen, 
are varied, so the behaviour of the hydrogen atoms of the methylene 
group towards halogens is affected. This can be explained by 
supposing that the displacement of these hydrogen atoms is governed 
by a factor which may be termed the “ strain value ” of the com- 
pound. This “ strain value ” could vary from a magnitude allowing 
the formation of perfectly stable di-halogenated derivatives to one 
prohibiting the formation of any stable halogen compound. If 
“ potential strain values ”’ are assumed for the bromine and chlorine 
atoms, the stability of the halogenated compound would be deter- 
mined by the resulting strain between the residue of the compound 
and the halogen atom. That this strain cannot be wholly due to 
volume steric relationships is suggested by the fact that, although 
bromine and chlorine have atomic volumes of much the same 
order, there is a wide difference between their action. This is well 
illustrated by the results obtained in the case of the substituted 
malonamides. 


Value of the group 


ch NRR’. Action of bromine. Action of chlorine. 
(1) NH, Both mono- and di-bromo- Only the dichloro-com- 
compounds can be iso- pound can be obtained 
n- lated, but there is a ten- by direct chlorination. 


dency to proceed directly 


es 

| to the latter. 

at (2) NHMe Both mono- and di-bromo- As in (1). 
d compounds can readily 

of be prepared. 

. (3) NH-C,H,Br As in (2). The monochloro-com- 
; pound can be isolated. 
7] (4) N(CH,Ph), Forms a mono-bromo- Forms both mono- and 

| compound only. di-chloro-compounds. 

e (5) NMePh As in (4). Forms a monochloro-com- 
e pound only. 

. (6) NPh, As in (4). As in (5). 

t 


A consideration of results (1) to (4) would lead to the belief that 
bromine has twice the “ potential strain value’ of chlorine, but 
results (5) and (6) suggest that the two halogens have equal values. 
It seems, therefore, that, in this respect, the relative “strain values ”’ 
of bromine and chlorine must be greater than 1, but less than 2. 
This allows a monobromo-compound to exist under a state of 
strain too great to permit the formation of a dichloro-compound. 
In order to test this supposition, the action of excess of chlorine on 
a number of bromo-compounds was investigated. 


2198 WEST: QUANTITATIVE REDUCTION BY HYDRIODIC ACID 


Compound formed by the action of chlorine on : 


Group NRR’. Monobromo-derivative. Dibromo-derivative. 
(1) NHMe Chlorobromo-. Chlorobromo-. 
(2) NHEt As in (1). As in (1). 

(3) NH-C,H,Br “ 

(4) N(CH,Ph), Dichloro-. — 
(5) NMePh Monochloro-. _— 
(6) NPh, - — 


99 


From all the foregoing it will be seen that in the combinations 
(1) to (3) the strain in the linking of the second bromine atom is 
such that this atom is readily replaced by chlorine, whilst the 
bromine of the monobromo-compounds is quite stable towards this 
reagent. In (4) it is probable that under the influence of the 
chlorine an unstable substance of the chlorobromo-type is first 
formed, and is then transformed into the dichloro-derivative. 
In cases (5) and (6) the strained bromo-compounds at once give 
place to the chloro-analogues. 

Interesting confirmation of this strain supposition is furnished 
by the action of hydrogen iodide on these substances under the 
conditions laid down in Part I of this paper. The reaction in the 
case of the bromo-compounds proceeds readily according to the 
equations 


(a) . . . ‘CBr, + 4HI = ‘CH, + 21, + 2HBr. 
(o) . . . ‘CHBr + 2HI = ‘CH, + I, + HBr. 


Although in combinations (1), (2), and (3) the chlorine is not 
reactive either in the chlorobromo- or the dichloro-derivatives, 
yet in (4) the chlorine of the dichloro-compound is slowly reactive, 
and in (5) and (6) quantitative reduction of the chloro-derivative 
takes place within a reasonable period at the ordinary temperature. 
This must mean that in these last two substances the chlorine atom 
exists under similar conditions of strain as does the bromine atom 
in the monobromo-derivatives of types (1) and (2). 

This problem differs essentially from ordinary “ steric hindrance ” 
inasmuch as the halogen atom which is most difficult to insert is the 
one most easily removed. In its basic principles, the explanation 
put forward in this paper resembles that suggested by Chattaway 
and Harrison (T., 1916, 109, 171) to explain the reactivity of one 
nitro-group in tetranitromethane and of the bromine atom in 
bromotrinitromethane. 

The labile nature of the halogen atoms in the malonamides is 
being fully investigated by the reaction velocity methods, and the 
mechanism of the reactions of this class of compounds with hydrogen 
iodide and other reagents will be discussed in a future paper. 
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EXPERIMENTAL. 
Malonmethylanilide. 


Bromomalonmethylanilide, | CHBr(CO-NMePh),.—Malonmethy]- 
anilide (3-5 grams; 1 mol.), dissolved in chloroform, was treated 
with 6-5 c.c. of a 10 per cent. (by volume) solution of bromine in 
the same solvent (1 mol.). After the solvent had evaporated, 
the residual syrup was rendered solid by treatment with 5 c.c. of 
dry ether. The yield was 3-7 grams. Bromomalonmethylanilide 
is readily soluble in chloroform or acetic acid, and is sparingly 
soluble in ethyl alcohol, benzene, carbon tetrachloride, or ether. 
It erystallises from a mixture of chloroform and alcohol as stout, 
colourless prisms, m. p. 198° [Found: Br(total) = 22-20; 
Br(malonyl) = 22-19. C,,H,,O,N,Br requires Br = 22-14 per 
cent.]. By the action of excess of chlorine on this compound, 
chloromalonmethylanilide is obtained. 

Bromomalonmethylbromoanilide, CHBr(CO-NMe-C,H,Br)..—Finely 
powdered bromomalonmethylanilide was kept in an atmosphere 
of bromine for seven days. A softly-crystalline, red substance was 
obtained, which behaved like a perbromide of the type described 
by Fries (loc. cit.). On boiling this compound with ethyl alcohol, 
in which it dissolved very readily, sparingly soluble crystals separ- 
ated out. Bromomalonmethylbromoanilide is sparingly soluble in 
organic solvents; it crystallises from ethyl alcohol in stout, colour- 
less prisms, m. p. 172° [Found : Br(total) = 46-59; Br(malonyl) = 
15-07. C,,H,,O,N,Br, requires Br(total) = 46-23; Br(malonyl) = 
15-41 per cent. }. 

Chloromalonmethylanilide, CHCl(CO-NMePh),.—Five grams of 
malonmethylanilide, dissolved in chloroform, were treated with 
a solution of chlorine in the same solvent (1 mol.). After the 
solvent had evaporated, the residue (5-5 grams) was crystallised 
from ethyl alcohol, from which it separated in colourless prisms, 
m. p. 187° (Found: Cl = 11-34. C,,H,,0,N,Cl requires Cl = 
11-20 per cent.). 

Solutions of both bromine and chlorine are without further 
action on this compound. 


Malontetraphenylamide. 


Bromomalontetraphenylamide, CHBr(CO-NPh,),, is prepared simi- 
larly to bromomalonmethylanilide by direct bromination of malon- 
tetraphenylamide in chloroform solution. The yield is nearly 
theoretical. Bromomalontetraphenylamide is readily soluble in 
chloroform or acetic acid, and sparingly soluble in ethyl alcohol, 
toluene, or carbon tetrachloride. It crystallises from toluene in 
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colourless prisms, m. p. 201° [Found: Br(total) = 16-52. 
Br(malonyl) = 16-20. C,,H,,O,N,Br requires Br = 16-48 pe 
cent. |]. 

By the action of excess of chlorine on this compound chloro. 
malontetraphenylamide is obtained. 

Bromomalontetra-bromophenylamide, CHBr{CO-N(C,H,Br),},, is 
obtained by the prolonged action of bromine vapour on bromo. 
malontetraphenylamide, the conditions of formation being similar 
to those obtaining in the preparation of bromomalonmethylbromo. 
anilide. Bromomalontetra-bromophenylamide is readily soluble in 
chloroform or acetic acid, but is sparingly soluble in all other 
solvents. It crystallises from a mixture of chloroform and ethy| 
alcohol in small, colourless needles, m. p. 169° [Found : Br(total) = 
50°15; Br(malonyl) = 10-00. C,,H,,0,N,Br, requires Br(total) = 
49-92; Br(malonyl) = 9-98 per cent. ]. 

Chloromalontetraphenylamide, CHC\(CO-NPh,),, is prepared simi- 
larly to chloromalonmethylanilide by the action of chlorine in 
chloroform solution on malontetraphenylamide. The yield is 
nearly theoretical. Chloromalontetraphenylamide is very soluble 
in chloroform or acetic acid, readily soluble in ethyl alcohol or 
benzene, and sparingly soluble in ether or the ligroins. It crystallises 
from ethyl-a!coholic solution in colourless prisms, m. p. 204° (Found : 
Cl = 8-18. C,,H,,0,N,Cl requires Cl = 8-05 per cent.). 

Solutions of both bromine and chlorine are without further action 
on this compound. 


Malontetrabenzylamide. 


Bromomalontetrabenzylamide, CHBr[CO-N(CH,Ph),],.—One gram 
of malontetrabenzylamide, dissolved in chloroform, was treated 
with 1-1 c.c. of a 10 per cent. solution of bromine in the same sol- 
vent (1 mol.). The solvent was allowed to evaporate, and the resi- 
dual oil rendered solid by treatment with dilute sodium carbonate 
solution. Bromomalontetrabenzylamide crystallises from ethyl- 
alcoholic solution in colourless prisms, m. p. 137° [Found: 
Br(total) = 14-59; Br(malonyl) = 14-85. C,,H,,0,N,Br_ requires 
Br = 14-77 per cent.]. 

By the action of excess of chlorine on this compound, dichloro- 
malontetrabenzylamide is obtained. 

Chloromalonietrabenzylamide, CHCI[CO-N(CH,Ph),],, is prepared 
similarly to chloromalonmethylanilide by the action of chlorine 
in chloroform solution on malontetrabenzylamide. From ethyl 
alcohol the chloromalontetrabenzylamide crystallises in small 
needles, m. p. 119° (Found: Cl = 7:29. C,,H,,0,N,Cl requires 
Cl = 7:14 per cent.), 
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Bromine in solution is without action on this compound, but 
excess of chlorine converts it into the dichloro-compound. 

Dichloromalontetrabenzylamide, CCl,[CO-N(CH,Ph),],, is formed 
by the action of excess of chlorine in chloroform solution on malon- 
tetrabenzylamide. It crystallises from ethyl alcohol as colourless 
prisms, m. p. 138° (Found: Cl = 13°11. C,,H,,0,N,Cl, requires 
(1 = 13°35 per cent.). 

Solutions of both bromine and chlorine are without further 
action on this compound. 


Malon-p-bromoanilide. 


Chloromalon-p-bromoanilide, CHCl(CO-NH-C,H,Br),, is readily 
prepared by the action of chlorine (1 mol.) in acetic acid solution | 
on malon-p-bromoanilide. It is readily soluble in acetone or acetic 
acid, and sparingly soluble in all other ordinary organic solvents. 
It crystallises from acetic acid solution in colourless, thin prisms, 
m. p. 239° (Found: Cl= 7:98; Br = 35°97. C,,H,,0,N,CIBr, 
requires Cl = 7°94; Br = 35°81 per cent.). A solution containing 
one molecule of bromine reacts with this compound to form chloro- 
bromomalon-p-bromoanilide, whilst chlorine similarly yields 
dichloromalon-p-bromoanilide. 

Dichloromalon-p-bromoanilide, CCl,(CO*NH-C,H,Br),, is readily 
prepared from malon-p-bromoanilide by the action of chlorine 
(2 mols.) in chloroform solution. It is sparingly soluble in all 
ordinary organic solvents except acetic acid, from which it crystal- 
lises in colourless needles, m. p. 184° (Found: Cl = 14°67; Br= 
33°07. ©,;H,,0,N,Cl,Br, requires Cl = 14°75; Br = 33°25 per 
cent.). 

Chlorobromomalon-p-bromoanilide, CCIBr(CO-NH-C,H,Br),, may 
be prepared by the action of chlorine on either bromomalon- or 
dibromomalon-p-bromoanilide. It is readily soluble in ethyl] alcohol, 
chloroform, acetic acid, or benzene, and crystallises from ethyl 
alcohol in colourless prisms, m. p. 162° [Found: Cl= 6°75; 
Br(total) = 45°62 ; Br(malonyl) = 15°38. C,;H,)0,N,CIBr, requires 
Cl = 6°75; Br(total) = 45°65; Br(malonyl) = 15°22 per cent.]. 
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Malondiethylamide. 


Chlorobromomalondiethylamide, CC1Br(CO-NHEt),, is readily pre- 
pared by the action of chlorine in chloroform solution on bromo- 
or dibromo-malondiethylamide. It is readily soluble in acetone, 
acetic acid, chloroform, ethyl alcohol, or benzene, and crystallises 
from the last-named solvent in colourless needles, m. p. 122° (Found : 
Cl= 13:27; Br= 29°91. C,H,,0,N,CIBr requires Cl = 13°07; 
Br = 29°45 per cent.). 
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Malondimethylamide. 


Dichloromalondimethylamide, CCl,(CO-NHMe),, is obtained when 
malondimethylamide in solution is acted upon by a solution of 
chlorine or alkaline hypochlorite. If one molecule of the chlorinating 
agent is used, a mixture is obtained of the dichloro-compound and 
unchanged malondimethylamide. Dichloromalondimethylamide is 
readily soluble in water, acetic acid, ethyl alcohol, chloroform, or 
acetone, and sparingly soluble in benzene, carbon tetrachloride, 
orether. It crystallises from a mixture of ethyl alcohol and benzene 
in colourless needles, m. p. 158° (Found : Cl = 35°58. C;H,0,N,(CI, 
requires Cl = 35°65 per cent.). 

Chlorobromomalondimethylamide, CCIBr(CO-NHMe),, is prepared 
similarly to chlorobromomalondiethylamide, which it closely 
resembles as to solubility. It crystallises from benzene in colourless 
prisms, m. p. 130° (Found : Cl = 14°71; Br = 33°12. C;H,O,N,CIBr 
requires Cl = 14°57; Br = 32°83 per cent.). The chlorine in this 
compound is not reactive towards hydrogen iodide; an estimation 
of the malonyl halogen gave Br = 32°95 per cent. 


I desire to express my sincere thanks to Assistant-Professor 
M. A. Whiteley for the help and encouragement given throughout 
the conduct of this work. 
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CCLXIV.—The Chlorination and Bromination of the 
Toluic Acids and the Preparation of the Phthal- 
aldehydic Acids. 


By Witx1aM Davies and WittiaAM Henry PERKIN, jun. 


Durine the course of an investigation on ring formation which 
is in progress, it became necessary to devise methods by means of 
which o-, m-, and p-derivatives with varying side chains and 
especially esters of the type C,H <[CH,})°CO,Et ould be readily 

6'"4 *(CH,}y°CO,Et , 
prepared and in quantity. It seemed probable that certain sub- 
stances of this type might be obtainable from w-halogen derivatives 
of the toluic esters by the usual malonic ester synthesis, thus 


CH, CH(CO,E CH,-CH,-CO,Et 
‘cots | 2 > Coa<Cotn, 7 


cute 


The w-dichloro-derivatives of these esters might also prove 
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valuable, since they might serve for the synthesis of unsaturated 
esters corresponding with the type represented above : 


CH: EO(COEE)s >On ,<CH:CH-CO,Rt 
2 


With the view of testing reactions such as these, we made a study 
of the literature and were surprised to find that, whilst the 
vhalogen derivatives of the xylenes have been carefully studied, 
little is known of the w-halogen derivatives of the toluic acids of 
the general formulz 

CoH CoH CoH C0. G Ha<CO? H 

Salkind (J. Russ. Phys. Chem. Soc., 1914, 46, 508) has studied 
the action of bromine on the boiling solution of p-toluic acid in 
bromoform, by which means he obtained w-bromo-p-toluic acid, 
(,H,(CO,H)-CH,Br; he also prepared w-bromo-o-toluic acid from 
phthalide by heating with bromine in a sealed tube, but these 
methods have restricted application and are obviously unsuitable 
for the preparation of the w-halogenotoluic acids in quantity. 
During the course of a long series of experiments on halogen sub- 
stitution in the w-position in the toluic acids, we have found that 
substances of this kind and their derivatives may be readily pre- 
pared by the following simple series of reactions. The toluic acid 
is first converted into the acid chloride, C,H,Me-COCI, by the action 
of thionyl chloride, and this is then treated with chlorine or bromine 
at temperatures varying from 160—240° according to the degree 
of substitution desired. Substances of the type 

CH,Cl CHCl, CCl 

HS coe CoHa< ocr" CHS Cod 
are produced in this way in very good yield. Careful treatment 
with formic acid converts the acid chlorides into the free substituted 
toluic acids, and derivatives of these acids, such as esters and amides, 
are readily obtained from the acid chlorides by the action of alcohols, 
ammonia, etc. In this way we have prepared a large number of 
interesting w-halogen derivatives of the three, 0-, m-, and p-, toluic 
acids, and as the conditions of preparation and details of physical 
properties are given in full in the experimental section of this com- 
munication, they need not be stated here, but attention may be 
directed to certain interesting points which have arisen during the 
course of this investigation. 

When o0-toluoyl chlotide is treated with bromine at 185°, it does 
not yield the w-bromo-acid chloride as might have been expected, 


but the hydrogen bromide formed during the bromination. of the 
4F*2 


OH< COI —> O,H,< CH 
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methyl group reacts with the group ~COCI, and the product consists 
apparently entirely of w-bromo-o-toluoyl bromide, C,H,(COBr)-CH,Br. 
Cases analogous to this have already been described by Aschan 
(Ber., 1912, 45, 1913; 1913, 46, 2162) and by Staudinger and 
Anthes (Ber., 1913, 46, 1417). 

Ethyl w-bromo-o-toluate is decomposed, on heating, into ethyl 
bromide and phthalide, 


C, H.<Cote, = Co< C6 Heo + EtBr 


and as the decomposition proceeds smoothly, it furnishes a very 
convenient method for the preparation of phthalide. This ready 
elimination of ethyl bromide does not appear to take place under 
other conditions, thus, for example, the bromo-ester reacts normally 
when digested in acetone solution with sodium iodide, yielding ethyl 
w-todo-o-toluate, CgH,(CO,Et)-CH,I (m. p. 32°5°), and potassium 
cyanide converts it into the nitrile of homophthalic acid, 
C,H,(CO,Et)-CH,°CN. Ethyl w-bromo-o-toluate also reacts readily 
with the sodium derivative of ethyl cyanoacetate to form ethyl 
a-cyano-o-carbethoxy-f-phenylpropionate (1), and this is decomposed 
by concentrated sulphuric acid with the formation of the correspond- 
ing amide (II) and not of the hydrindone derivative (III). 


CO" gy CN)-CO,Et ‘ CH,°CH(CO-NH,)-CO,Et 
a (IL.) 
CH CO-NH 
CoH<992>C<¢o, ne? OT) 
The investigation of the w-dichlorotoluoyl chlorides, 
C,H,(COCI)-CHCI,, 
obtained by the action of chlorine on the toluoyl chlorides at a final 
temperature of 210°, has given interesting results. These sub- 
stances exhibit remarkable stability and may be distilled with 
very little decomposition at the ordinary pressure. o-, m-, and p- 
w-Dichlorotoluoyl chlorides are crystalline substances and melt at 
28°, 49°, and 45°, respectively. On treatment with alcohol, they 
yield the w-dichlorotoluic esters, of which the o- and m-isomerides 
are colourless liquids, whereas the p-derivative crystallises and 
melts at 46°. 

When o-, m-, and p-w-dichlorotoluoyl chlorides are warmed 
with formic acid, they yield the corresponding o-, m-, and p- 
w-dichlorotoluic acids, which crystallise readily and melt at 155°, 
132°, and 158°, respectively. 

One of the most valuable uses of the w-dichlorotoluoyl chlorides 
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«yas resulted from the discovery that they serve as a very 

wnvenient source of the phthalaldehydic acids, C,H,(CO,H)-CHO. 
The methods available up to the present for the preparation of 
these important acids are so tedious and unsatisfactory that their 
investigation and especially their employment for synthetical 
processes, for which they are particularly well adapted, becomes a 


ethy| : 
very serious matter. 

The most readily prepared of these acids is o-phthalaldehydic 
acid (m. p. 100°5°), which may be obtained from phthalonic acid. by 
heating with sodium bisulphite or aniline. In order to prepare the 

very J and p-phthalaldehydic acids, Reinglass (Ber., 1891, 24, 2423) 
eady converted the m- and p-toluonitriles into the corresponding cyano- 
nder | benzyl chlorides, CH,Cl-C,H,-CN, by chlorination at 150°. When 
ally these substances are boiled with aqueous copper nitrate, they yield 
thyl the cyanobenzaldehydes, CHO-C,H,°CN, from which the phthal- 
ium | Udehydic acids, CHO-C,H,-CO,H, may be obtained by boiling with 
cid, | concentrated hydrochloric acid. We have repeated this process 
lily and find it most laborious and unsatisfactory; moreover, the m- 
hyl and p-phthalaldehydic acids thus obtained are difficult to purify, 
seq | oWing to the presence of considerable quantities of the correspond- 
nd. | ing phthalic acids. This is evidenced by the low analytical figures 


given by Reinglass and by the fact that this investigator gives the 
melting points of m- and p-phthalaldehydic acids as 165° and 285°, 
t whereas in reality these acids melt at 175° and 250°, respectively. 
Simonis (Ber., 1912, 45, 1584) has prepared the phthalaldehydic 
acids by heating the phthalaldehydes with bromine in a sealed 
tube, and although we can substantiate his claim that yields of 
50—60 per cent. may be obtained in this way, the process is of 
little value as a method of preparation, partly because the aldehydo- 
acids thus formed are contaminated by the corresponding phthalic 
acids, which makes them difficult to purify, and partly because the 
,. | phthalaldehydes are very inaccessible substances. A method for 
h | the ready preparation particularly of the m- and p-aldehydic-acids 
was therefore very desirable, and we have found that these acids 
may be conveniently prepared from the corresponding m- and 
p-toluic acids by converting them into the dichlorotoluoyi chlorides 
and then simply digesting these with milk of lime or chalk in an 
inert atmosphere : 


CH,:C,H,CO,H —> CHCI,:C,H,-COCl —> CHO-C,H,-CO,H 


The phthalaldehydic acids produced in this way in excellent 
yield, are almost free from the corresponding phthalic acids and 
therefore are readily obtained pure by one crystallisation ; the melting 
points observed by us have been stated above. These experiments, 
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in the carrying out of which we were fortunate in having the assist. 
ance of Mr. Herbert Clayton, indicate that the method employed 
with such success in the case of the phthalaldehydic acids will be 
found to be applicable to the preparation of other aldehydo-acids 
at present unknown or difficult of access, and investigations in this 
direction are in progress. 


o-, m-, and p-w-Trichlorotoluic Acids and their Derivatives. 


When the toluoy] chlorides are chlorinated at an initial tempera. § 


ture of 160°, gradually rising to 240°, they are converted into the 
corresponding w-trichlorotoluoyl chlorides, CCl,*Cg,H,COCI. The 
m- and p-isomerides distil at 287° and 296°, respectively, and have 
not yet been obtained crystalline. The o-compound distils at 
about 145—155°/20 mm. and deposits crystals melting at 87°. 
These acid chlorides are readily decomposed by boiling with alcohol, 
yielding the w-trichloro-p-toluic esters, CCl,*C,H,*CO,Et, and the 
corresponding acids are obtained from the chlorides by the action 
of anhydrous formic acid : 


CCl,C,H,-COCI + H-CO,H = CCI,:C,H,-CO,H + CO + HCl. 


In carrying out this decomposition, it is essential to determine 
carefully the lowest temperature (varying from 45—85° in the 
different cases) at which the formic acid interacts, and the trichloro- 
acids are then readily obtained in a state of purity. These interest- 
ing acids crystallise well from benzene or chloroform, the o-, m-, 
and p-isomerides melting, respectively, at 141—144°, 142°, and 
197°. If, however, the trichlorotoluoyl chlorides are boiled with 
formic acid, the group -CCl, becomes converted into carboxyl 
and the corresponding phthalic acids result : 


CCl,°C,H,-COCI + 4H-CO,H = 
CO,H-C,H,°CO,H + 4HCl + 4CO + H,0. 
Interesting decompositions have been observed in the case of 
w-dichloro-o-toluic ester and w-trichloro-o-toluic ester. When 
w-dichloro-o-toluic ester is heated, it behaves like w-bromo-o-toluic 
ester (p. 2211) and yields «-chlorophthalide with loss of ethyl] chloride: 


CHC! CHC! 
CHi<co,rt > CoHa<gg—>0 


The substance thus produced melts at 60—61° and is evidently 
identical with the «-chlorophthalide obtained by Gabriel (Ber., 
1916, 49, 1612) from o-phthalaldehydic acid by the action of 
thionyl chloride. A somewhat similar change takes place when 
w-trichloro-o-toluic ester is heated. 

At its boiling point, this ester decomposes with elimination of 
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ethyl chloride, and the substance which distils at 277°/758 mm. 
solidifies, melts at about 12°, and evidently consists of s-phthalyl 
chloride, C,H,(COCIl),, which has m. p. 15—16° and b. p. 276°/ 
760 mm. 

Probably as-phthalyl chloride (dichlorophthalide) is first pro- 
duced and then at the temperature of the decomposition or of the 
distillation undergoes isomeric change and is converted into the 
symmetrical modification (compare Ott, Annalen, 1912, 392, 275) : 


0,H <0. ae > CoH CG2>O > CHA<Coe4 


ExPERIMENTAL. 
Derivatives of o-Toluic Acid. 


w-Bromo-o-toluoyl Bromide, COBr-C,H,-CH,Br.—The o0-toluoyl 
chloride required in this preparation is obtained in a yield of 95 per 
cent. by boiling o-toluic acid with thionyl chloride (10 per cent. 
excess of 1 mol.) and distils at 213°/760 mm. In carrying out the 
bromination, bromine (15°5 c.c.; 2 atoms) is slowly dropped into 
the acid chloride (46°35 grams; 1 mol.) at 185—195°, the orifice 
of the dropping funnel being placed well below the surface of the 
acid chloride in order to allow the bromine and hydrogen bromide 
produced to react with as little loss as possible. The reaction 
proceeds very smoothly and is complete in an hour. On repeatedly 
distilling the product under 32 mm., the bromo-acid bromide was 
readily obtained pure in a yield of 65—67 per cent. of that 
theoretically possible. Bromo-o-toluoyl bromide boils at 170—171°/ 
32 mm. and crystallises in clusters of colourless needles which melt 
at 33—34° (Found: C = 343; H=2:2; Br= 570. C,H,OBr, 
requires C = 34:5; H = 2:2; Br = 57° per cent.). 

Ethyl w-Bromo-o-toluate, CH,Br-C,H,CO,Et.— This ester is 
readily prepared by slowly adding melted w-bromo-o-toluoyl bromide 
(91 grams) to absolute alcohol (150 c.c.), the whole being well shaken 
and cooled in ice. After remaining over-night, the product is 
poured into water, the bromo-ester extracted with ether, the 
ethereal solution well washed with water and sodium carbonate, 
dried over sodium sulphate, and the ether removed. Ethyl w-bromo- 
o-toluate is a colourless, heavy oil which becomes yellow on keeping 
and does not solidify at 0° (Found: Br= 34:2. C,,H,,0,Br 
requires Br = 32°9 per cent.). It possesses a pungent and yet 
rather pleasant odour and is lachrymatory when hot. It is diffi- 
cult to obtain this ester in a perfectly pure state because, on 
attempted distillation at 30 mm., it readily suffers decomposition 
with elimination of ethyl bromide and formation of a white solid 
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melting at 73°. This substance was identified by its properties, 
analysis, and by the method of mixed melting points, as phthalide 
(Found: C=715; H=46. Cale, C=716; H=45 per 
cent.). 

The yield of phthalide is almost quantitative and this substance 
is conveniently prepared by boiling the bromo-ester in a test-tube 
for about five minutes, when, on cooling, the contents solidify to 
almost pure phthalide. When ethyl w-bromo-o-toluate is allowed 
to stand with cold aqueous alcoholic ammonia for several days, 
colourless needles are obtained melting at 150° and this substance 
was recognised as phthalimidine from its analysis (Found : N = 10°9. 
Calc., N = 10°5 per cent.), its solubility in acids, and from the 
properties of the nitroso-derivative (m. p. 157°), which agree in all 
respects with those of nitrosophthalimidine (Graebe, Ber., 1884, 
17, 2599). 

Ethyl w-Iodo-o-toluate, CH,I-C,H,CO,Et.—For the preparation 
of this ester, sodium iodide (19 grams) was dissolved in acetone 
(150 c.c.), and the well-cooled solution mixed with ethyl w-bromo- 
o-toluate (24:3 grams) in acetone (25 c.c.), when the liquid became 
brown, heat was evolved, and a white precipitate of sodium bromide 
rapidly separated. After remaining at the ordinary temperature 
for two hours, the acetone was removed by gently warming under 
reduced pressure, the residue extracted with ether, most of the 
ether distilled off, and the brownish-red residue kept at the ordinary 
temperature, when a mass of pale brown needles gradually separated. 
After filtering from a small amount of oil and pressing on porous 
porcelain, a 70 per cent. yield of the iodo-ester was obtained in 
faintly yellow needles which became colourless on washing with 
sodium bisulphite solution. Ethyl w-iodo-o-toluate consists of 
minute, colourless needles melting at 32°5°, which become yellow and 
ultimately brown on long keeping (Found: I = 44:2. C,9H,,0,I 
requires I = 43°8 per cent.). It is very soluble in most organic 
solvents, is slightly lachrymatory in the cold and much more so 
when warmed. Like the corresponding bromo-derivative, it does 
not appear to react smoothly with magnesium, but this point is 
being further investigated. 

Preparation of Ethyl Homophthalate, C,H,(CH,*CO,Et)-CO,Et.— 
This ester is readily obtained in the following manner. Ethyl 
w-bromo-o-toluate, prepared from 100 grams of w-bromo-o-toluoyl 
bromide in the way described above, was dissolved in absolute 
alcohol (300 c.c.) containing finely powdered potassium cyanide 
(32 grams) in suspension. The mixture was boiled for eight hours 
on the water-bath, half the alcohol distilled off, the reaction pro- 
duct kept over-night, and the brown liquid filtered from the potass- 


i el a, a - 


BROMINATION OF THE TOLUIC ACIDS, ETC. 2209 


jum salts. Dry hydrogen chloride was passed into the filtrate, 
during which crystals of ammonium chloride began to separate even 
in the cold. When saturated with hydrogen chloride, the solution 
was boiled, two-thirds of the alcohol then distilled off under reduced 
pressure, the residual solid matter removed by filtration, washed 
with a little alcohol, and the filtrate poured into water. 

The oil which separated was extracted with ether, the ethereal 
solution washed with sodium carbonate, dried over sodium sul- 
phate, and the ether removed: The residual liquid (58 grams) 
was distilled under reduced pressure, when a considerable amount 
of low-boiling ester passed over at first, but 34 grams (40 per cent. 
of theory) were obtained boiling at 172—177°/33 mm. The presence 
of phthalide, which is somewhat soluble in hot but sparingly soluble 
in cold water, could not be detected by extracting the ester with 
boiling water. On redistillation, the ethyl: homophthalate boiled 
at 176°/33 mm. and with trifling decomposition at 293° under the 
ordinary pressure. It agreed in this and other properties with the 
ethyl homophthalate described by Gabriel (Ber., 1887, 20, 2500). 
The yield of ester obtained under these conditions is not so large 
as was expected, but further experiments will be made in the hope 


of improving it. 


The Action of Ethyl w-Bromo-o-toluate on Ethyl Sodiocyanoacetate. 


The great reactivity of the halogen atom in ethyl w-bromo-o- 
toluate made it desirable at this stage to ascertain whether the 
substance could be induced to react with sodium derivatives in 
the usual way and without the elimination of ethyl bromide and 
formation of phthalide. 

The sodium derivative of ethyl cyanoacetate was chosen for this 
purpose because it seemed likely that the products would be solid 
and therefore readily purified. Ethyl w-bromo-o-toluate (24°3 
grams; 1 mol.) was carefully added to the solution of ethyl sodio- 
cyanoacetate, prepared from ethyl cyanoacetate (11°3 grams; 
1 mol.) and sodium ethoxide (from 2°3 grams of sodium in 100 c.c. 
of absolute alcohol). Decomposition occurred at once, heat was 
developed, and sodium bromide separated. The whole was heated 
on the water-bath for half an hour, most of the alcohol removed by 
distillation, the residue mixed with water, and the oil extracted with 
ether. The ethereal solution was washed with water, dried over 
sodium sulphate, and the ether removed, when an oil (20 grams) 
remained. On distillation under 16 mm., unchanged ethyl cyano- 
acetate first passed over and then two fractions, b. p. 195—225° 
(8 grams) and 280—282° (3 grams), were collected. The higher 
fraction, which is probably the condensation product of two mole- 
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cules of ethyl w-bromo-o-toluate with one molecule of ethy| 
cyanoacetate, did not crystallise on cooling at — 10° or keeping at 
room temperature for six months and was not further examined. 
The other fraction was redistilled under the same pressure, and the 
portion boiling at 210—220° (5 grams) then slowly solidified. Ethyl 
a-cyano-o-carbethoxy-8-phenylpropionate is readily soluble in most 
organic solvents, but crystallises from light petroleum in colourless 
needles melting at 38—40° (Found: N = 5-2. C,;H,,0,N requires 
N = 5-1 per cent.). It dissolves readily in cold concentrated sul- 
phuric acid with the evolution of some heat, and the solution, 
after remaining for twenty-four hours and then pouring into water, 
deposits crystals of ethyl o-carbethoxybenzylmalonamic acid. This 
characteristic substance separates from dilute alcohol in glistening 
needles and melts at 132° (Found: C = 61:55; H=6-8; N=449, 
C,;H,,0;N requires C = 61-4; H=6-5; N= 4-8 per cent.). 


w-Bromo-m-toluoyl Bromide and Ethyl w-Bromo-m-toluate. 


w-Bromo-m-toluoyl bromide was obtained from mz-toluoyl 
chloride exactly in the way described in the preparation of the o- 
isomeride (p. 2207). The yield of the pure bromide was only 50 
per cent. of theory, a comparatively complex mixture being formed. 
It boils at 167°/22 mm. and solidifies at room temperature (Found : 


Br = 57-8. CsH,OBr, requires Br = 57-6 per cent.). Ethyl w-bromo- 
m-toluate, prepared from the bromide by the action of alcohol 
in the usual way, boils at 174—176°/30 mm. without decomposition 
and possesses a peculiar sour odour (compare Salkind and Ssemenov, 
loc. cit.). 

The w-Dichlorotoluic Acids and their Derivatives. 


The methods of preparation of the w-dichlorotoluoyl chlorides 
and of the corresponding dichlorotoluic acids are almost identical 
in all three cases and may be briefly summarised as follows. The 
toluoyl chloride is chlorinated, under anhydrous conditions, in 
bright light, the temperature being initially at 160° and towards the 
end of the reaction at 210° (thermometer in the liquid), until the 
increase of weight corresponds with the introduction of two atoms 
of chlorine. The absorption of chlorine, which is rapid at first, 
slows down, but by gradually raising the temperature, action can 
be continued at a satisfactory rate, thus, for example, 40 grams 
of toluoyl chloride can be dichlorinated in this way in three hours. 
The product is distilled under ordinary or under diminished pres- 
sure and an 80 per cent. yield of the dichlorotoluoyl chloride, boiling 
within two degrees, is obtained. The lowest fraction of the distil- 
late consists of a mixture of mono- and di-chlorotoluoy] chlorides, 
and the higher fraction of di- and tri-chlorotoluoyl chlorides. 
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ethyl § ~The corresponding esters are obtained by pouring the acid chlorides 
ng at # into excess of alcohol, shaking until reaction has taken place, and 
nined, J jnally heating on the steam-bath. After standing over-night, the 
id the § slcoholic solution is poured into water, the ester, if a liquid, dis- 


glved in ether, washed with sodium carbonate, and worked up in 
the usual way. 

In the preparation of the w-dichlorotoluic acids, the corresponding 
acid chloride is mixed with about six times its weight of anhydrous 
formic acid, and the mixture gradually warmed until the acid 
chloride begins to dissolve. The whole is maintained at this tem- 
perature until complete solution has taken place, the time usually 
required for the preparation of 2 grams of the acid being from one 
to four minutes, and during the reaction carbon monoxide and 
hydrogen chloride are evolved. 

It is essential to carry out the decomposition at the lowest possible 
temperature, because, if this is materially exceeded, considerable 
hydrolysis of the chlorine atoms in the side chain may occur. 


uoyl When the product is cooled, the acid separates in a crystalline 
€ 0- # condition and can generally be obtained pure by crystallisation 
50 F from chloroform or benzene. ; 

ied w-Dichloro-o-toluoyl chloride crystallises in thick, glassy prisms, 


melts at 27—28°, and distils at 151°/22 mm. or 267—269°/740 mm. 
no- § (Found: Cl = 47-7. C,H,OCl, requires Cl = 47-6 per cent.). 
hol w-Dichloro-o-toluic acid, obtained by the action of formic acid on 
100 § y-dichloro-o-toluoyl chloride at 63°, is very soluble in hot, but only 
ov, slightly soluble in cold, benzene or formic acid, and crystallises from 

these solvents in colourless, glistening needles melting at 155° 

(Found: C=47-:1; H=3-2. C,H,0,Cl, requires C = 46:8; 
les H = 2-9 per cent.). The amide of w-dichloro-o-toluic acid is formed 
ra] by passing dry ammonia into a cold benzene solution of the acid 
he § chloride until no more ammonium chloride separates, filtering hot, 


and concentrating the benzene solution. On cooling, the acid 
amide separates in glistening, colourless prisms melting at 117° 
(Found: N=6-9. CgH,ONCI, requires N = 6-9 per cent.). 
When heated at 140°, hydrogen chloride and a black tar are pro- 
duced, and hydrogen chloride is also eliminated by boiling with 
water or with pyridine. The examination of the interesting 
products of these reactions is contemplated. 

Ethyl w-dichloro-o-toluate is a colourless, mobile liquid with a 
pungent and yet distinctly pleasant, fruity odour (Found : C = 51-0; 
H=4-2. CypH,0,Cl, requires C= 515; H=4-3 per cent.). 
It boils without decomposition at 172°/42 mm. and can be rapidly 
distilled under the ordinary pressure. When slowly boiled under 
the ordinary pressure, a steady stream of ethyl chloride is pro- 
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duced and in about fifteen minutes 10 grams of the substance 
will have become converted into a brown oil which, when kept for 
twenty-four hours in a desiccator, solidifies to a mass of crystals, 
These were collected, pressed on porous porcelain, and crystallised 
from benzene, when a good yield of «-chlorophthalide was obtained 
in colourless plates melting at 60—61° (compare Gabriel, Ber., 
1916, 49, 1608). 

w-Dichloro-m-toluoyl chloride crystallises in long, colourless needles, 
melts at 48—49°, and distils at 280—282°/765 mm. w-Dichloro. 
m-toluic acid, prepared from this chloride by the action of formic 
acid at 75°, is very soluble in chloroform or benzene, from which it 
separates in microscopic prisms melting at 152° (Found: C = 47-0; 
H = 2-9. CsH,0,Cl, requires C = 46-8; H = 2-9 percent.). Ethyl 
w-dichloro-m-toluate is a colourless liquid closely resembling the 
corresponding o-isomeride. 

w-Dichloro-p-toluoyl chloride forms minute, colourless needles 
melting to a clear liquid at 44—45° and distilling at 285—286°/ 
745 mm. (Found: Cl = 47-4. Calc., Cl = 47-6 per cent.). Weg- 
scheider and Suida (Monatsh., 1912, 33, 1026) record the melting 
point 50—52°, but their specimen was far from pure, for it did not 
melt to a clear liquid and the percentage of chlorine found was 
more than 3 per cent. too low. 

w-Dichloro-p-toluic acid, obtained from the acid chloride by the 
action of formic acid at 70—75°, is difficult to obtain pure. It 
crystallises from formic acid, in which it is sparingly soluble, in 
small needles and from benzene, in which it is readily soluble, in 
short, thick prisms, and melts at 151—158° (Found: C = 46-0; 
H=3-0. C,H,O,Cl, requires C = 468; H=2-9 per cent.). 
Ethyl w-dichloro-p-toluate consists of small, thin prisms melting at 
45—46° and possessing a faint, pleasant odour. 


The w-Trichlorotoluic Acids and their Derivatives. 


The w-trichlorotoluoyl chlorides are prepared by the continued 
chlorination of the toluoy] chlorides (p. 2206). As chlorination 
proceeds, the temperature of the liquid must be gradually raised 
from 160° to 240° and even at this high temperature the introduc- 
tion of the third atom of chlorine into the side chain is very slow. 
About ten hours’ heating is required for the preparation of 70 grams 
of an w-trichlorotoluoyl chloride. 

w-T'richloro-o-toluoyl Chloride.—The chlorinated product did not 
boil constantly, nearly half distilling at 275—285° and about half 
at 285—288° under 758 mm. pressure. The latter fraction is an 
oil possessing the usual properties of aromatic acid chlorides 
(Found: Cl = 54-1. C,H,OCl, requires Cl = 55-0 per cent.). 
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It is probable that this specimen was contaminated with traces of 
»dichloro-o-toluoyl chloride, which is difficult to remove com- 
jletely by fractional distillation. When, however, fractionation 
was repeatedly carried out under diminished pressure, considerable 
quantities of an oil were obtained which distilled at 145—155°/ 
90 mm. and, on cooling, deposited crystals which, after recrystal- 
lisation from light petroleum, melted at 87° and consisted of pure 
»-trichloro-o-toluoyl chloride. This substance was proved by a 
mixed melting-point determination to be identical with the 
phthalic acid tetrachloride (m. p. 88°) which Vongerichten (Ber., 
1880, 13, 447) obtained, along with an isomeride melting at 47°, 
from phthalide by the action of phosphorus pentachloride. Ethyl 
vtrichloro-o-toluate, prepared in the usual way, is a colourless, 
mobile liquid with a rather pleasant, faint odour. It is difficult to 
obtain this ester in a pure state, for some decomposition occurs 
when distillation under diminished pressure is attempted. On 
boiling the ester (7 grams) at the ordinary pressure, ethyl chloride was 
cdiminated, the decomposition being complete in about five minutes 
and, on cooling, a few colourless crystals of phthalic anhydride sepa- 
rated, formed no doubt as the result of the presence of moisture. The 
liquid portion of the product fumed in moist air like an acid chloride, 
boiled almost completely at 276—277°/758 mm., and the pale yellow 
distillate solidified at 0° and melted at about 12°. These proper- 
ties indicate that this substance is a fairly pure specimen of 
s-phthalyl chloride, C,H,(COCI)g. which has m. p. 15—16° and b. p. 
276-7°/760 mm., whereas the constants for as-phthalyl chloride 


OH<02>0, are m. p. 88—89° and b. p. 275-2°/719-8 mm. (Ott, 


Annalen, 1912, 392, 275). 

w-Trichloro-o-toluic acid, prepared from w-trichloro-o-toluoyl 
chloride by the action of formic acid at 45—55°, crystallises from 
benzene in needles melting at 141—144°. The melted acid decom- 
poses slowly with evolution of hydrogen chloride, and therefore the 
melting point varies somewhat with the rate of heating (Found : 
C= 406; H=2-2. C,H,0,Cl, requires C=401; H=2:1 


| per cent.). 


w-T'richloro-m-toluoyl chloride, obtained in excellent yield in the 
usual manner (p. 2212), is a colourless oil boiling at 287°/754 mm. 
It is readily hydrolysed by boiling sodium hydroxide solution with 
the formation of isophthalic acid, which was identified by conver- 
sion into the dimethyl ester melting at 64°. Methyl w-trichloro-m- 
toluate, prepared from the acid chloride and methyl alcohol, is con- 
veniently recrystallised by dissolving in cold acetone, in which it 
is very readily soluble, and then adding dilute methyl alcohol 
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until a milkiness is produced. The methyl ester, which has a faint 
pleasant odour, separates in colourless needles melting at 55° 
(Found: C= 42:2; H=2-9. C,H,O,Cl, requires C = 42-6; 
H = 2-8 per cent.). w-T'richloro-m-toluic acid, prepared by the 
action of formic acid on the acid chloride at 70—75°, is sparingly 
soluble in formic acid, but readily so in chloroform or benzene, and 
cerystallises in sparkling lamin melting at 142° (Found: C = 39-8; 
H = 2-2. C,H,;0,Cl, requires C = 40-1; H = 2:1 per cent.). 

w-T'richloro-p-toluoyl chloride is a colourless oil distilling at 
296°/756 mm. with trifling decomposition. «-T7'richloro-p-toluic 
acid, prepared from the acid chloride by the action of formic 
acid at 80—85°, is slightly soluble in formic acid and readily soluble 
in chloroform or benzene, and crystallises in minute plates melting 
at 196—197° (Found: C = 39-8; H= 2-2. C,H,;0,Cl, requires 
C = 40-1; H = 2-1 per cent.). 

When boiled for five minutes with formic acid, it is completely 
converted into terephthalic acid, which was identified by its insolu- 
bility and by conversion into the dimethyl ester melting at 140°. 
Methyl w-trichloro-p-toluate crystallises from dilute methyl alcoholic 
solution in long, attenuated plates and melts at 55°. It possesses 
a pleasant, fruity odour, no pungency being detectable at the 
ordinary temperature (Found: C = 42-1; H= 2-8. (C,H,0,Cl, 
requires C = 42-6; H = 2-8 per cent.). 

The ethyl ester consists of colourless plates which melt at 57° 
and also have a faint fruity odour. w-T'richloro-p-toluamide 
separates from benzene in colourless needles and melts at 180° 
(Found: N = 5-6. C,H,ONCI, requires N = 5-9 per cent.). 


Preparation of the Phthalaldehydic Acids, CHO-C,H,°CO,H. 
[With HERBERT CLAYTON. | 


The difficulty which has been experienced hitherto in preparing 
the phthalaldehydic acids is referred to in the introduction (p. 2205) 
and it is there stated that the hydrolysis of the w-dichlorotoluoyl 
chlorides furnishes a ready means of obtaining these important acids 
in quantity. Several hydrolytic agents may be used to bring about 
the conversion of the w-dichlorotoluoyl chlorides into the corre- 
sponding phthalaldehydic acids, but the conditions must be so 
selected that oxidation of these readily oxidisable acids may be 
avoided. This difficulty may be overcome by boiling the dichloro- 
toluoyl chloride with milk of lime in an atmosphere of carbon 
dioxide for three hours, or more conveniently in the following 
manner: The w-dichlorotoluoyl chloride (22-4 grams) is mixed 
with hot water (300 c.c.) in a flask of at least 1500 c.c. capacity, 
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and excess of precipitated calcium carbonate (28 grams) carefully 
added. The aqueous suspension is boiled for three hours under a 
reflux condenser fitted with a Bunsen valve, and the solution 
mixed with an excess of hydrochloric acid and allowed to 
remain over-night out of contact with air. The acid is rapidly 
collected by the aid of the pump, and the filtrates in the case of 
the o- and m-acids are extracted with ether (this is particularly 
necessary in the case of o-phthalaldehydic acid, which is appreci- 
ably soluble in cold water), the whole is then dried in a vacuum 
desiccator. Obtained in this way, the phthalaldehydic acids are 
pure enough for most purposes, but they may be recrystallised from 
formic or acetic acid or preferably from chloroform. In the case 
of the m- and p-acids, which are only slightly soluble in chloroform 
in the cold, extraction with boiling chloroform (in which any 
phthalic acid present is practically insoluble) is to be recommended. 
The hydrolysis of the w-dichlorotoluoyl chlorides proceeds almost 
quantitatively in the direction of the formation of the phthal- 
aldehydic acids, and the over-all yield of these acids from the corre- 
sponding toluic acid is about 70 per cent. of that theoretically 
possible. 

o-Phthalaldehydic acid, obtained by the hydrolysis of w-dichloro- 
o-toluoyl chloride under the conditions given above, was recrys- 
tallised from chloroform. It then softened at 95° and melted at 
100:5°, whereas the melting point recorded is 97° (Racine, Annalen, 
1887, 239, 82). 

m- or isoPhthalaldehydic acid, prepared from w-dichloro-m-tolu- 
oyl chloride, separated in minute needles melting, in accordance 
with the observation of Simonis (Ber., 1912, 45, 1585), at 175°, 
whereas Reinglass (Ber., 1891, 24, 2423) observed the melting point 
164—-166°. p- or Terephthalaldehydic acid, from w-dichloro-p- 
toluoyl chloride, after recrystallisation from chloroform, melts at 
248—250° when the melting-point tube is filled with carbon dioxide. 
Our experience confirms the ready oxidisability of this acid at its 
melting point by air observed by Wegscheider and Suida (Monatsh., 
1912, 33, 1009). 


One of us (W. D.) wishes to thank the Ramsay Memorial Fellow- 
ship Trust for a Fellowship which has greatly facilitated this 
research. 
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CCLXV.—Ethyl a-Cyano-B-methylglutaconate and its 
Methyl Homologues. 


By Epwarp Hope. 


In connexion with work on the addition of hydrogen cyanide to 
the esters of cyanoglutaconic acids, described in the following paper, 
some observations on the behaviour of ethyl «-cyano-§-methyl- 
glutaconate and two isomeric methyl homologues were made, 
which throw some light on the constitution of the latter two 
substances. 

Ethyl «-cyano-$-methylglutaconate was first made by Rogerson 
and Thorpe (T., 1905, 87, 1669) by the condensation of ethyl 
acetoacetate with ethyl sodiocyanoacetate, and the constitution 
CO,Et-CH(CN)-CMe:CH-CO,Et was assigned to it. This ester 
forms alkali derivatives, which received formule such as 
CO,Et-CK(CN)-CMe:CH-CO,Et, and to the methyl derivative 
obtained from these by the action of methyl iodide was assigned the 
constitution CO,Et-CMe(CN)-CMe:CH-CO,Et (1), this substance being 
isomeric with the compound obtained by the condensation of ethyl! 
methylacetoacetate with ethyl sodiocyanoacetate, to which was 
given the constitution CO,Et-CH(CN)-CMe:CMe-CO,Et (II). Ata 
later date (P., 1912, 28, 51), Thorpe corrected his view of the con- 
stitution of the substance originally written as (1) and suggested the 
formula CO,Et-C(CN):CMe-CHMe:CO,Et or 

CO,Et-C(ON)-CHMe-CMe-CO, Et (IID). 

The present investigation provides experimental evidence for these 
corrected views. In the first place, a fresh means of differentiation 
between the esters (II) and (III) has been obtained by the action of 
concentrated aqueous ammonia in the cold. The ester (II) dissolves 
on shaking with aqueous ammonia in the course of a few minutes 
and deposits a mass of crystals which prove to be ethyl $-amino-z- 
methylcrotonate (IV), NH,*CMe:CMe-CO,Et, melting at 50—5I’, 
whilst there remains in the aqueous solution a product, which 
decomposes at about 320°, formed by the interaction of methyl- 
acetoacetic ester or the above amino-ester and cyanoacetamide. 
This substance is evidently identical with that obtained by Guareschi 
in his investigation of the reaction between methylacetoacetic ester 
and cyanoacetic ester in the presence of ammonia (Mem. Accad. 
Sci. Torino, 1896, 46, 1). On boiling with alkalis, the substance 
of melting point 320° gives off ammonia and there remains the 
alkali salt of 6-hydroxy-2-keto-4 : 5-dimethyl-2 : 3-dihydropyridine- 
3-carboxylonitrile, which on acidification gives the free nitrile, 
melting at 276° (Guareschi gives 270—272°). 
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On the other hand, the isomeric ester (III), when shaken with 
ammonia, dissolves only very slowly and even on repeated shaking 
for two or three hours is mainly unaffected. If allowed to remain 
in contact with the ammonia, however, for twelve to twenty-four 
hours and frequently shaken, the solution deposits crystals of ethyl 
3-amino-«-methylerotonate, and the aqueous solution contains the 
same substance as in the case of the isomeric cyanoglutaconate. 

The interpretation of these results appears to be that the second 
of these esters passes slowly into the first in the presence of ammonia 
and then undergoes the same reaction with this reagent. This 
reaction is essentially the reversal of the Rogerson-Thorpe con- 
densation, by hydrolysis, followed by the action of ammonia on 
the products of hydrolysis, giving cyanoacetamide and ($-amino-a- 
methylerotonic ester. There is one recorded instance of a similar 
hydrolysis of a derivative of cyanoglutaconic ester, namely, the 
hydrolysis of benzylmethylcyanoglutaconic ester by alkali hydroxide 
(Thorpe, loc. cit.), in which cyanoacetic acid and benzylacetone are 
produced according to the equation 


(0,Et-C(CN):CMe-CH(CH,Ph)-CO,Et —> 
CN-CH,-CO,Et ++ COMe-CH,*CH,Ph. 


This representation assumes that hydrolysis occurs at the ethylenic 
linking, but there is no real evidence that this is correct. If this 
assumption were made in the case of the hydrolysis by ammonia of 
the condensation product of ethyl methylacetoacetate with ethyl 
sodiocyanoacetate, then one would be led to the conclusion that 
this compound had the constitution (IIT) whilst the product of 
methylation of ethyl «-cyano-$-methylglutaconate would have the 
constitution (II). In view of the result of subjecting the cyano- 
dimethylglutaconie esters to further methylation (thereby pro- 
ducing an «@y-trimethyl derivative), it seems most improbable 
that formula (IIT) can represent the ester which forms the definite 
sodium derivative which is the parent of the trimethyl derivative. 

This view is confirmed by the examination of the behaviour of 
the methylation product of «-cyano-$-methylglutaconic ester towards 
sodium ethoxide. When this ester is treated in the cold with an 
equivalent of sodium ethoxide in alcoholic solution for a minute 
or less and then poured into dilute mineral acid and the product 
extracted, it is found that more than half of the ester has been 
converted into its isomeride (as indicated by its behaviour with 
ammonia) and simultaneously some ethyl carbonate and a liquid 
boiling at about the boiling point of ethyl cyanodimethylcrotonate 
are formed. All this tends to prove that the methylation product 
of «-cyano-$-methylglutaconic ester cannot form a sodium derivative 
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of its own, but can react with sodium ethoxide either by passing 
into the isomeric form or by losing a carbethoxy-group, whereas 
the cyano-ester (II) forms a definite sodium derivative, from which 
it can be recovered quantitatively. These considerations render 
it almost certain that this ester must have the constitution (II]), 
whilst the isomeric form made from methylacetoacetic ester and 
sodiocyanoacetic ester must have the constitution (II). 

The behaviour of ethyl «-cyano-8-methylglutaconate towards 
ammonia is similar to that of the dimethyl derivative (II), that is, 
it dissolves and hydrolysis occurs, but the products in this case can 
be obtained from solution only by strong cooling (which causes 
the separation of ethyl $-aminocrotonate). By the subsequent 
evaporation of the mother-liquors, a substance of high melting point 
is obtained which, on boiling with caustic alkalis, gives a substance 
identical with that obtained by Guareschi (loc. cit.) and which 
is apparently 6-hydroxy-2-keto-4-methyl-2 : 3-dihydropyridine-3. 
carboxylonitrile, MeC<OH One’: 

Hydrolysis of ethyl «-cyano-8-methylglutaconate and its two 
isomeric methyl homologues was also effected by heating with small 
amounts of water at -170—180°. In the case of the monomethyl- 
glutaconate, the products consisted of alcohol, acetone, and ethyl 
cyanoacetate. In the other cases, however, although there was no 
difficulty in identifying methyl ethyl ketone as one of the products, 
the fraction boiling at 190—210° was found to contain methylaceto- 
acetic ester as well as cyanoacetic ester. The attempt to identify 
cyanoacetic ester by the action of ammonia, therefore, did not 
result in the formation of cyanoacetamide but in the formation 
of the condensation product of high melting point mentioned on 
p. 2221, which establishes the existence of these esters in the presence 
of each other. 

EXPERIMENTAL. 

Ethyl «-Cyano-8-methylglutaconate——In the preparation of this 
substance, the details given by Rogerson and Thorpe (loc. cit.) were 
followed in essentials, but in the numerous preparations carried 
out, a number of observations were made which seem worth record- 
ing. In the first place, these authors state that a yield of 60 per 
cent. of the theoretical can be obtained when ethyl sodiocyano- 
acetate is condensed in alcoholic solution with ethyl acetoacetate. 
In spite of many attempts, the yields have never been raised above 
40 per cent. in the present work, although the conditions have been 
varied a good deal. They have usually been between 33 and 40 
per cent. The effect of the presence of water in the alcohol is most 
marked. For the highest yields, the driest possible alcohol must 
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be used. The use of 95 per cent. alcohol instead of absolute alcohol 
reduces the yield to about 20 per cent. The best yields were 
obtained when potassium was substituted for sodium. In this 
case, the only departure from the details given by Rogerson and 
Thorpe is in the formation of the potassium ethoxide. This is 
conveniently done in the presence of dry ether. The ether must 
then be distilled off before adding the ethyl cyanoacetate. When 
potassium was used, the maximum yield obtained was 48 per cent. 
of the theoretical. 

In view of the big effect of water on the reaction, it seemed 
desirable to attempt to remove the water formed in the reaction, 
since the establishment of an equilibrium seemed likely. None 
of the ordinary dehydrating agents could be used in this connexion, 
but an experiment was tried in which the usual quantities of materials 
were heated with a considerable amount of benzene so that the 
benzene distilled off continuously during the reaction. The yield 
of product was smaller than in those cases where benzene was 
absent and amounted to only 20 per cent. of the theory. 

The condensation was also tried in the entire absence of alcohol 
by heating, with vigorous stirring, the sodium compound of ethyl 
cyanoacetate made in dry benzene, with ethyl acetoacetate. In 
this case the yield was even smaller and was about 10 per cent. 

Ethyl «-Cyano-By-dimethylglutaconate (Ethyl «-Cyano-8-methyl-A+- 
butene-xy-dicarboxylate).—In the case of the condensation of ethyl 
sodiocyanoacetate with ethyl methylacetoacetate, the yield (to 
which no reference is made in the paper of Rogerson and Thorpe) 
is very small, being about 15—17 per cent. of the theoretical when 
sodium is used. It is raised to about 23 per cent. by using 
potassium. 


Action of Concentrated Aqueous Ammonia on Ethyl «-Cyano-8- 
methylglutaconate (1). 


Ethyl «-cyano-8-methylglutaconate is mixed with about five 
times its weight of the strongest aqueous ammonia. It dissolves 
with a brownish-yellow colour, which fades considerably on keeping. 
After about twenty-four hours, the clear solution is cooled and a 
crystalline solid separates, which is filtered off as rapidly as possible. 
The filtrate is now evaporated to dryness in a vacuum, when a 
brownish-white solid remains. 

The crystalline solid melts when allowed to reach atmospheric 
temperature, and that it consists to a large extent of #-amino- 
erotonic ester is shown by extracting it with ether and keeping 
the ether extract, which is at first oily, for a day or so, when it will 
solidify to large, monoclinic crystals which melt at 20—21°. This 
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is the metastable form of ethyl B-aminocrotonate. It was identica) 
with a specimen made from pure acetoacetic ester. 

The substance left after the evaporation of the mother-liquor 
from the crystalline solid has not itself been closely investigated, 
Satisfactory analytical results have not been obtained on accoun} 
of the difficulty of recrystallising it without decomposition. Whey 
it is boiled with sodium hydroxide solution, however, until ammoniy 
(which comes off in large amount) ceases to be evolved, a clear 
solution of a sodium salt is left which, on acidification, gives a 
white, crystalline precipitate of a sparingly soluble substance, 
This acidic substance can be recrystallised from water or methy| 
alcohol and when purified in this way melts at about 316—319° 
after previous darkening at about 300° (Found: C = 55-8; H= 
4-2; N= 18-6. C,H,O,N, requires C = 56:0; H = 4:0; N = 187 
per cent.). 

In view of the extraordinary stability of the substance towards 
boiling caustic alkalis as well as towards mineral acids, there was 
little doubt that the nitrogen, or at any rate a part of it, is in a ring 
structure, and it was soon realised that the compound was identical 
with the substance made by Guareschi (loc. cit.) by the action of 
ammonia on a mixture of ethyl cyanoacetate and ethy! acetoacetate, 
namely, 6-hydroxy-2-keto-4-methyl-2 : 3-dihydropyridine-3-carb. 
oxylonitrile. 


Action of Ammonia on Ethyl «-Cyano-fy-dimethylglutaconate (II). 


When this ester is treated with ammonia under the conditions 
employed in the case of its lower homologue, it does not dissolve at 
once to a clear solution, but when the mixture is shaken vigorously 
from time to time for about ten to fifteen minutes signs of a crystal- 
line precipitate make their appearance. On the next day, the oil 
having entirely disappeared, the crystalline precipitate is filtered 
off, and the filtrate cooled strongly, when more crystals separate. 
These together with the first lot are treated with ether; a portion 
dissolves readily in the cold, leaving the rest unchanged. The 
soluble portion, after evaporation of the dried ethereal solution, 
separates in large crystals from a concentrated solution in ether 
and melts at 51—52°, the substance evidently being ethyl $-amino- 
a-methylerotonate. A specimen of this, made by the action of 
ammonia on ethyl methylacetoacetate, melted at 52° and at the 
same temperature when mixed with the above product. 

The evaporation to dryness of the aqueous mother-liquors left a 
brown solid, to which was added the substance insoluble in ether 
mentioned above. This substance can be recrystallised from 
water, but tends to lose ammonia if the heating with water is 
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prolonged. it consists of small, hard crystals which decompose 
and melt at about 320°. The substance is very sparingly soluble 
inmethy! alcohol. The solution in water gives a deep blue colora- 
tion with ferric chloride. It gives off ammonia when heated in a 
dry tube and also when its aqueous solution is boiled with sodium 
hydroxide or carbonate. After boiling with the former until no 
more ammonia is evolved and acidifying the alkaline liquid, a 
sparingly soluble white solid is thrown out. This substance, which 
can be recrystallised from water or methyl alcohol, melts, when 
pure, at 276°. Like the substance of melting point 316—319° 
obtained in a similar manner from «-cyano-$-methylglutaconic 
eter, this compound is extremely stable towards boiling alkalis 
and mineral acids. It gives a bluish-violet coloration with ferric 
chloride. It gives no trace of ammonia when heated in a dry 
tube (Found : C = 58-7; H= 5-1; N = 16-8. C,H,O,N, requires 
(=58:5; H=4-9; N= 17-1 percent.). It is evidently identical 
with the substance made by Guareschi (loc. cit.) by the action of 
ammonia on a mixture of ethyl methylacetoacetate and ethyl 
eyanoacetate and siated by him to be 6-hydroxy-2-keto-4 : 5- 
dimethyl-2 : 3-dihydiopyridine-3-carboxylonitrile. 


Action of Ammonia on Ethyl y-Cyano-«8-dimethylglutaconate (Ethyl 


a-C'yano-B-methyl-A*-butene-xy-dicarboxylate). 

When this ester is treated with concentrated ammonia in the 
ame way as the two preceding ones, even on vigorous shaking, no 
appreciable effect is produced in an hour. The cyano-ester settles 
out apparently unchanged. Only by frequent agitation during 
twelve to twenty-four hours is the completion of the reaction 
ensured, and crystals of ethyl 8-amino-«-methylcerotonate are then 
suspended in the liquid as in the case of the isomeric cyano-ester. 
The evaporation of the mother-liquors reveals the presence of the 
pyridine derivative of melting point 320°, and this, on boiling with 
ikalis, gives rise to the substance of melting point 276°. The 
lative amounts of the two products are exactly the same as in 
the case of the isomeric cyanodimethylglutaconate and there can 
be no doubt that the explanation of their behaviour is that 
the above ethyl «-cyano-$-methyl-A*+-butene-«y-dicarboxylate first 
lowly undergoes isomeric change, with shift of the double bond, 
into ethyl «-cyano-f-methyl-A*-butene-«y-dicarboxylate, which then 
racts easily with the ammonia. 

If equivalent amounts of ethyl acetoacetate and ethyl cyano- 
acetate are shaken together in the presence of concentrated aqueous 
ammonia, practically the same result is obtained as when ethyl 
~eyano-8-methylglutaconate is so treated. The results obtained 
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when ethyl «-cyano-Sy-dimethylglutaconate is treated with ammonia 
are reproduced exactly by subjecting a mixture of equivalent 
amounts of ethyl methylacetoacetate and ethyl cyanoacetate to 
the same treatment. It is thus fairly certain that the first action 
of the ammonia is a hydrolytic one, resolving the cyanoglutaconates 
into a mixture of ethyl cyanoacetate and ethyl acetoacetate or a 
derivative of this. 


Transformation of Ethyl «-Cyano-8-methyl-A*-butene-xy-dicarboxylate 
into its Isomeric Modification. 


In effecting this isomeric change, sodium (1-5 grams) was dissolved 
in alcohol (40 c.c.) and, after cooling the solution to the ordinary 
temperature, the above cyano-ester (15-9 grams) was added. The 
solution was shaken for about half a minute, quickly poured 
into cold, dilute hydrochloric acid, the precipitated oil extracted 
with ether, the ethereal solution washed twice with water, and 
the solute isolated in the usual way. The smell of ethyl carbonate 
was noticeable in the product and, on heating, 1—1-5 grams of a 
distillate boiling between 125° and 135° were obtained. On now 
applying a vacuum, a small amount of a distillate collected at 
130—150°/15 mm., which was without doubt ethyl «-cyano-- 
methyl-A+-butene-y-carboxylate or an isomeride. The main frac- 


tion, however, came over at 158—168°/15 mm. and was clearly 
the unchanged starting material or an isomeride. The action of 
ammonia made it quite clear that isomeric change had occurred, 
for the product dissolved readily on agitation with this reagent, 
behaving in the same way and giving the same products as ethyl 
«-cyano-Sy-dimethylglutaconate. 


The Action of Water at 180° on the Cyanoglutaconic Esters. 


Ethyl «-Cyano-8-methylglutaconate—When this ester (15 grams) 
was heated in a sealed tube for eight to ten hours at 180° with water 
(3-6 grams, that is, 50 per cent. in excess of that theoretically required 
to give ethyl cyanoacetate and acetone), almost complete hydrolysis 
took place. By distillation of the product, two fractions were 
obtained, b. p. 60—82° and 200—214° respectively. In the first 
fraction acetone was detected in quantity by the formation of its 
p-nitrophenylhydrazone (m. p. 140°, alone or mixed with an 
authentic specimen). The higher fraction, when redistilled, boiled 
mainly at 205—210° and on agitation with ammonia gave a white, 
crystalline precipitate of cyanoacetamide melting at 116° (alone or 
mixed with pure cyanoacetamide). 

Ethyl «-Cyano-Sy-dimethylglutaconate.—When this ester (15 grams) 
was heated with water (3-4 c.c.) under the conditions described 
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above, the glutaconate was almost completely changed. Two 
main fractions were again isolated from the product. The first 
boiled at 65—85° and on treatment with p-nitrophenylhydrazine 
gave a hydrazone which melted at 125° and corresponded in every 
way with that of methyl ethyl ketone. The less volatile fraction 
boiled between 195° and 210°, but on treatment with ammonia did 
not behave like ethyl cyanoacetate, not dissolving at once but 
requiring considerable agitation. After twenty to thirty minutes, 
a crystalline precipitate formed and this proved to be a difficultly 
fusible compound which gave a substance, m. p. 276°, when boiled 
with alkalis. This substance is clearly identical with that described 
on p. 2221, and is formed by the action of ammonia on a mixture 
of ethyl cyanoacetate and ethyl methylacetoacetate. Evidently, 
the hydrolysis is not so complete as in the case of ethyl «-cyano- 
-methylglutaconate. 

Ethyl y-Cyano-«8-dimethylglutaconate.—When this ester was sub- 
jected to the same treatment as the foregoing, exactly the same 
result was obtained. No difference whatever could be detected 
at any point, 
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CCLXVI.—The Addition of Hydrogen Cyanide to 
Derivatives of Glutaconic Acid. Part I. The 
Addition of Hydrogen Cyanide to Ethyl a-Cyano- 
B-methylglutaconate and its Homologues. 


By Epwarp Horr and WILFRID SHELDON. 


In the course of an investigation carried out by one of us some 
years ago on the reaction occurring between ethyl citraconate and 
ethyl sodiomalonate (T., 1912, 101, 892), it was found necessary to 
devise a means for the synthesis of $-methyltricarballylic acid, 
@0,H-CH,*CMe(CO,H)-CH,°CO,H (I). The method then adopted 
depended on the interaction of potassium cyanide with ethyl 
2-cyano-B-methylglutaconate in alcoholic solution according to the 
scheme : 


(IL) CO,Et-CH(CN)-CMe:CH-CO,Et cae 
CO,Et-CK(CN)-CMe(CN)-CH,°CO,Et (IIL) 
Ethyl «$-dicyano-§-methylglutarate, derived from the potassium 


compound (III), yielded $-methyltricarballylic acid on hydrolysis. 
This method sufficed at the time, but it has been since found that 
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the addition of hydrogen cyanide occurs almost quantitatively and 
with remarkable ease when the conditions first described by 
Lapworth (T., 1903, 83, 995) are employed, that is, when the 
unsaturated ester, dissolved in alcohol or aqueous alcohol, is treated 
with hydrogen cyanide in the presence of potassium cyanide (the 
latter ensuring the presence of the essential agent, cyanide ions). 

It is noteworthy that addition of hydrogen cyanide takes place 
also when the unsaturated ester is shaken with an aqueous solution 
of potassium cyanide in the entire absence of alcohol. When ethy| 
«-cyano-8-methylglutaconate is treated with a strong aqueous solu- 
tion of potassium cyanide, it first dissolves, but the homogeneous 
solution soon separates into two layers, the lower one of which consists 
of a solution of the potassium derivative of the additive product (III), 
The possibility of using purely aqueous solutions was important in 
investigating whether an ester without replaceable hydrogen, for 
example, ethyl «-cyano-«$y-trimethylglutaconate, 


CO, Et*CMe(CN):CMe:CMe-CO,Et, (IV-) 


was capable of reacting with hydrogen cyanide or not, 

The use of an aqueous alcoholic solution in a case like this results 
in the elimination of ethyl carbonate and the formation of ethyl 
y-cyano-afy-trimethylcrotonate (compare Rogerson and Thorpe, T., 
1905, 87, 1669). 

The present communication contains an account of the chemistry 
of the products of interaction of hydrogen cyanide and ethyl] «-cyano- 
6-methylglutaconate (II), ethyl «-cyano-8-methyl-A*-butene-«y-di- 
carboxylate (V), and ethyl «-cyano-8-methyl-A*-butene-«y-dicarb- 
oxylate (VI). The reactions in the latter two cases are almost 
certainly identical since, under the conditions of the experiment, 
the cyano-ester (VI) passes over into (V). In any case, the products 
of reaction with hydrogen cyanide are identical. 

In these reactions, the products are, respectively, from (I), 
ethyl «$-dicyano-8-methylglutarate (VII), and from (V) and (VI) 
ethyl «$-dicyano-$-methylbutane-«y-dicarboxylate (VIII). 
CO,Et-CH(CN)-CMe:CMe:CO,Et  CO,Et-C(CN):CMe-CHMe-CO,Ef 

(V.) (VI.) 
(VIL) CO,Et-CH(CN)-CMe(CN)-CH,°CO,Et 
(VUI.) CO,Et-CH(CN)-CMe(CN)-CHMe-CO,Et 


It is of interest to note that no addition of hydrogen cyanide could 
be detected in the case of ethyl «-cyano-«$y-trimethylglutaconate, 
which contains no hydrogen replaceable by metals. The general 
behaviour of the products VII and VIII is in accordance with the 
constitution given. For example, VII is hydrolysed by means of 
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concentrated hydrochloric acid or by 40 per cent. sulphuric acid to 
g-methyltricarballylic acid, whilst VIII is hydrolysed by similar 
treatment to «$-dimethyltricarballylic acid * (m. p. 165—167°). 

The dicyano-esters also are much more acid in character than 
the cyanoglutaconates from which they are derived. The esters 
VII and VIII, for example, dissolve to some extent in a 10 per 
cent. solution of sodium carbonate and readily in potassium 
carbonate of equivalent strength, in both cases giving yellow 
solutions. Both esters, too, are readily attacked by a concentrated 
aqueous solution of ammonia. The cyanoglutaconates from which 
these esters are derived are practically not affected by alkali 
carbonates. They are, however, attacked by concentrated ammonia. 
The behaviour of the above dicyano-esters with ammonia is most 
remarkable, for it consists in nothing less than the complete reversal 
of the whole synthetical process from ethyl cyanoacetate and ethyl 
acetoacetate or a derivative. The product of interaction with 
ammonia, of ethyl «6-dicyano-$-methylglutarate (VII), for example, 
gives exactly the same products as arise in the similar treatment of 
ethyl a-cyano-$-methylglutaconate, namely, $-aminocrotonic ester 
and the hydroxypyridine derivative described in the preceding 
paper (p. 2220). The same kind of reaction occurs with the dimethyl 
derivative (VIII), 8-amino-«-methylcrotonic ester being produced 
along with the corresponding hydroxypyridine derivative. 

In view of the fact that ethyl «$-dicyano-$-methylglutarate (VII) 
contains hydrogen replaceable by metals, a methyl homologue was 
prepared by the action of methyl iodide on the sodium derivative. 
A substance isomeric with the dimethyl derivative (VIII) was 
produced. The individuality of the new ester was established in 
several ways. When hydrolysed with 40 per cent. sulphuric acid, 
it yielded a substance which, on treatment with methyl-alcoholic 
hydrochloric acid, gave a new and highly crystalline solid containing 
nitrogen, which is probably an imide with the constitution (IX). 


CO--CH 
NH<Go.cHM2>CMeCO,Me (IX.) 


* This is apparently the first preparation of this acid. The acid described 
by Michael (Ber., 1900, 38, 3757) as 8-methylbutane-afy-tricarboxylic acid 
(that is, a8-dimethyltricarballylic acid), melting at 196—198°, was obtained 
by the hydrolysis of the methylation product of the substance which he 
formulated thus: (CO,Et),CH-CMe(CO,Et)-CH,-CO,Et. The substance ob- 
tained by condensing ethyl citraconate with ethyl sodiomalonate is not, 
however, as Michael thought, ethyl 8-methylpropane-aSyy-tetracarboxylate, 
but ethyl butane-aaBy-tetracarboxylate, (CO,Et),CH-CH(CO,Et)-CHMe-CO,Et 
(Hope, T., 1912, 101, 900), and Michael’s acid is without doubt pentane- 
8y-tricarboxylic acid, CO,H-CHMe-CH(CO,H)-CHMe-CO,H, which does, in 
fact, melt at about 200°. 
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Under precisely the same conditions, ethyl «$-dicyano-$-methyl. 
butane-a«y-dicarboxylate (VIII) yields the trimethyl ester of «-di. 
methyltricarballylic acid. 

The imido-ester is a white, crystalline solid melting at 135—136°. 
It dissolves in and can be titrated by N-potassium hydroxide 
solution. It suffers further hydrolysis when heated with concen. 
trated hydrochloric acid in a sealed tube and gives «$-dimethyl- 
tricarballylic acid and ammonium chloride. The behaviour of the 
new ester (X) towards strong ammonia solution is also characteristic. 
It yields a sparingly soluble solid which gives no coloration with 
ferric chloride. This substance is probably an amide and not a 
pyridine derivative as in the other cases. The new dicyano-ester 
has without doubt the constitution 


CO,Et-CMe(CN)-CMe(CN)-CH,°CO,Et (X-) 


It would appear that in the case of these saturated substances, 
as in the case of the cyanoglutaconic esters, the hydrolytic action 
of ammonia depends on the presence of replaceable hydrogen in 
the cyanoacetic ester residue. 

By the action of sodium and methyl iodide, it was found possible 
to prepare the next homologue of ethyl «$-dicyano-8-methylbutane- 
ay-dicarboxylate, namely, the ester 


CO,Et-CMe(CN)-*CMe(CN)-CHMe:CO,Et (XL), 


which gives rise to «Sy-trimethyltricarballylic acid on hydrolysis. 

Trimethyltricarballylic acid appears to be incapable of separate 
existence, but its anhydride (m. p. 188—190°) and its trimethyl 
ester (b. p. 166—172°/26 mm.) were prepared. 


EXPERIMENTAL. 


Addition of Hydrogen Cyanide to Ethyl «-Cyano-8-methylglutaconate. 
Formation of Ethyl «8-Dicyano-8-methylglutarate (VII). 


This substance has been described in a previous communication 
(Hope, T., 1912, 101, 911), but the method of preparation there 
employed gave neither a good yield nor a pure product. The 
following method gives excellent results. Ethyl «-cyano-$-methyl- 
glutaconate (22-5 grams; 1 mol.), dissolved in alcohol (95 per 
cent.) (120 c.c.), is treated with a solution of potassium cyanide 
(13 grams; 2 mols.) in water (70 c.c.). The homogeneous solution 
is cooled in ice-water and further treated with a quantity of approxi- 
mately 20 per cent. aqueous hydrochloric acid containing 5-4 grams 
(1-5 mols.) of the acid. The reaction mixture, after standing at 
the ordinary temperature for fifteen minutes, is poured into about 
500 c.c. of dilute hydrochloric acid, the precipitated oil extracted 
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with ether, the ethereal solution washed with water several times 
and dried with calcium chloride. After evaporation of the ether, 
the residual oil is distilled under reduced pressure. In such 
an experiment, 21 grams of the pure product were obtained, 
boiling at 200—205°/20 mm. (yield 83 per cent. of the theoretical) 
(found : C = 57-1; H=6-7. Cale.,C = 57-2; H = 6:3 per cent.). 

Ethyl «$-dicyano-8-methylglutarate is a colourless or slightly 
yellow, rather viscid oil not appreciably soluble in water. It 
dissolves readily in a 10 per cent. aqueous solution of potassium or 
sodium hydroxide, being apparently hydrolysed, since it is not 
precipitated on acidification of the solution. It is somewhat 
soluble in a 10 per cent. solution of sodium carbonate, forming a 
faintly yellow solution, but it is quite readily soluble in a potassium 
carbonate solution of equivalent strength. The ester is reprecipi- 
tated from these solutions in alkali carbonates on acidification. In 
its easy solubility in solutions of sodium and potassium carbonates 
the behaviour of this ester is in marked contrast to that of ethyl 
1-cyano-$8-methylglutaconate, which is unchanged by these reagents 
—and indicates considerably greater acidity of one of the hydrogen 
atoms. 

Action of Ammonia.—The ester is readily soluble in concentrated 
ammonia, giving at once a slightly opalescent solution. After 
keeping for twenty-four hours at the ordinary temperature, the 
solution was subjected to reduced pressure, and the cooling effect 
caused the crystallisation of a low-melting solid which proved to be 
saminocrotonic ester. The ester was purified and recognised as 
described under the account of the action of ammonia on ethyl 
«-cyano-B-methylglutaconate (this vol., p. 2219). There remained 
in the aqueous mother-liquors a high-melting solid which, exactly 
as did the corresponding glutaconate, gave, on boiling with alkali, 
a substance melting at 316—318°, which is identical with that 
obtained from the cyanoglutaconate and is evidently 6-hydroxy- 
2-keto-4-methyl-2 : 3-dihydropyridine-3-carboxylonitrile (Guareschi, 
Mem. Accad. Sci. Torino, 1896, 46, 1). 

Hydrolysis of Ethyl «8-Dicyano-8-methylglutarate by Mineral Acids. 
Formation of 8-Methyltricarballylic Acid.—The best agent for effect- 
ing this hydrolysis was found to be concentrated hydrochloric acid 
(sulphuric acid was used in the earlier experiments, but the ultimate 
isolation of the acid is somewhat troublesome in this method). 
Usually 12 grams of the dicyano-ester were boiled with 100 c.c. of 
concentrated hydrochloric acid until all the oil had passed into 
solution, five to six hours being the time generally required. The 
clear liquid was then evaporated to dryness and the solid mass 


thus obtained, extracted for a long period with ether. On evapor- 
4G2 
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ation of the latter, 6 grams of the acid remained and readily solidified, 
On recrystallisation from formic or hydrochloric acid, the product 
melted at 164°, and the melting point was unchanged by further 
crystallisation. The acid was, of course, identical with the 6-methyl. 
tricarballylic acid previously prepared by one of us (T., 1912, 101, 
909), using more or less the same method. 

It was found that the above hydrolysis could be very rapidly 
effected (in about an hour) by heating at about 140° with sulphuric 
acid of 70 per cent. strength. 

In the preparation of ethyl «8-dicyano-$-methylglutarate from 
ethyl «-cyano-8-methylglutaconate, a number of alterations in the 
method of adding the hydrogen cyanide were tried—more par. 
ticularly because it was necessary in some later experiments to 
avoid the presence of alcohol in performing this reaction. 

It was found, in the first place, that no alcohol is really necessary, 
although it is convenient, provided that the cyanoglutaconate is 
sufficiently violently agitated with the hydrogen cyanide solution. 
A larger excess of potassium cyanide, 3, 4, and 5 molecular propor- 
tions to 1-5 of hydrochloric acid, did not alter the yield of the 
product in any way. 

In the case of ethyl «-cyano-$-methylglutaconate, vigorous 
agitation with a concentrated solution of potassium cyanide leads 
to the same result. In this experiment, vigorous shaking from 
time to time during ten minutes results in the formation of a deep 
yellow emulsion, from which nothing can be extracted by means of 
ether. After allowing the emulsion to settle, it is found that a 
layer of potassium cyanide solution forms the upper portion, the 
yellowish-brown lower layer being apparently an aqueous solution 
of the potassium derivative of ethyl «$-dicyano-8-methylglutarate. 
The free ester is obtained by acidifying and extracting with ether. 
From an experiment like this, 9 grams of ethyl «-cyano-8-methyl- 
glutaconate yielded 8 grams of the pure dicyano-ester of b. p. 
197—200°/19 mm. 


Condensation of the Cyanohydrin of Ethyl Acetoacetate with Ethyl 
Sodiocyanoacetate. Formation of Ethyl «-Dicyano-8-methyl- 
glutarate (VII). 


On account of the difficulty of obtaining ethyl «-cyano-$-methyl- 
glutaconate in good yield, it was decided to try the preparation of 
ethyl «$-dicyano-$-methylglutarate by the direct condensation of 
the cyanohydrin of ethyl acetoacetate with ethyl sodiocyanoacetate 
—a method suggested by the interesting experiments of Thorpe 
and Higson (T., 1906, 89, 1455) on the synthesis of substituted 
succinic acids by the condensation, for example, of acetone cyano- 
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hydrin with ethyl sodiocyanoacetate. The condensation was 
carried out as follows. To a solution of sodium ethoxide (4-4 grams 
of sodium in 70 c.c. of absolute alcohol) 22-6 grams of ethyl cyano- 
yetate were added, and the solution was cooled and added, in 
small quantities at a time, with continual shaking, to a solution of 
314 grams of the cyanohydrin of ethyl acetoacetate in 30 c.c. of 
absolute alcohol. The reaction took place without appreciable rise of 
temperature, and the slightly yellow solution was found on the next 
lay to have set to a solid yellow mass, the solid being essentially 
the sodium derivative of ethyl dicyano-$-methylglutarate. The 
mass was stirred with dilute hydrochloric acid, the precipitated oil 
extracted with ether, and the extract distilled under reduced 
pressure, When 20 grams of the expected condensation product 
yere obtained, b. p. 197—202°/18 mm. The fact that the yield 
(40 per cent.) is the same as that obtained in proceeding through 
the stage of the cyanoglutaconate suggests that the mechanism of 
the formation of the dicyano-ester is essentially the same as that 
in the previously described experiments. 

That the dicyano-ester prepared by this method is identical 
vith that prepared by other methods was amply proved by a number 
dfreactions. It gave 6-methyltricarballylic acid on hydrolysis. It 
was easily soluble in alkali hydroxides and in 10 per cent. potassium 
earbonate solution. When treated with ammonia, it gave the same 
results as other specimens. 


Addition of Hydrogen Cyanide to Ethyl a«-Cyano-By-dimethylglut- 
aconate (V). Formation of Ethyl «$-Dicyano-B-methylbutane- 
ay-dicarboxylate (VIII). 

The cyanodimethylglutaconic ester necessary for these experi- 
ments was prepared by Rogerson and Thorpe’s method (loc. cit.) 
with the difference that potassium was substituted for the sodium 
wed by them (this vol., p. 2219). 

In adding hydrogen cyanide to ethyl «-cyano-fy-dimethylglut- 
aconate, 24 grams of the latter were dissolved in 150 c.c. of alcohol 
ad the solution was cooled in ice. A concentrated solution of 
potassium cyanide (13 grams) was added and subsequently a 
quantity of a 20 per cent. solution of hydrochloric acid equivalent 
to 5-4 grams of the anhydrous acid. After standing for fifteen 
minutes, the product was isolated by pouring into water and 
extracting with ether, 20 grams of pure ethyl «@-dicyano-$-methyl- 
butane-xy-dicarboxylate (VIII), b. p. 200—206°/20 mm., being 
obtained. This is 75 per cent. of the theoretical (Found : C = 58-5; 
H=7-2; N=10-3. ©,,H,,0,N, requires C = 586; H = 68; 
Y= 10-5 per cent.). 


2230 HOPE AND SHELDON : THE ADDITION OF HYDROGEN CYANIDE 


Ethyl «-dicyano-8-methylbutane-xy-dicarboxylate resembles ethyl 
«8-dicyano-8-methylglutarate very closely in its general properties, 
It is a colourless oil insoluble in 10 per cent. sodium carbonate 
solution, slightly soluble in 10 per cent. potassium carbonate solution 
and in 10 per cent. potassium or sodium hydroxide. 

Action of Ammonia.—When ethyl «$-dicyano-8-methylbutane. 
ay-dicarboxylate (5 grams) was vigorously shaken with concentrated 
ammonia (60 c.c.), it gradually dissolved, solution being complete 
in about ten to fifteen minutes, the liquid taking on a yellow colour. 
After twenty-four hours, crystals had separated. A part of these 
proved to be soluble in ether and were identified as ethyl 8-amino. 
a-methylcrotonate (this vol., p. 2221), whilst the other portion was 
soluble in hot water, from which it crystallised on cooling. This 
substance blackened considerably above 300° and melted at about 
320°. By decomposing this compound with boiling caustic alkali, 
a substance, m. p. 276°, was produced and this showed itself in 
every way identical with the substance obtained by the action of 
ammonia on «-cyano-$y-dimethylglutaconic ester (this vol., p. 2221). 
It is clearly the substance first described by Guareschi (loc. cit.) 
and stated by him to be 6-hydroxy-2-keto-4 : 5-dimethyl-2 : 3-di- 
hydropyridine-3-carboxylonitrile. 


Hydrolysis of Ethyl «$-Dicyano-8-methylbutane-xy-dicarboxylate 

(VIII). Formation of «8-Dimethyltricarballylic Acid, 
HO,C-CHMe-CMe(CO,H)-CH,°CO,H. 
—The cyano-ester was hydrolysed by boiling with concentrated 
hydrochloric acid for about twelve hours, the resulting solution 
being evaporated to dryness and fhe residual solid extracted several 
times with ether. After the evaporation of the ethereal solution, 
the gummy residue of acid was dissolved in methy] alcohol, saturated 
with dry hydrogen chloride, kept over-night, and treated again in 
the same way after evaporating off at reduced pressure water and 
excess of alcohol. The acid was thus almost quantitatively con- 
verted into the trimethyl ester. The ester was extracted in the 
usual way and was obtained as a colourless liquid, b. p. 162°/22 mm. 
(Found: C = 53:3; H= 7-3. C,,H,,0, requires C = 53-7; H= 
7-3 per cent.). 

The trimethyl ester was hydrolysed in the ordinary way with 
alcoholic potassium hydroxide solution, and the resulting acid 
extracted with several lots of ether. After evaporation of the 
ether, an acid remained which showed no signs of crystallisation. 
Even after repeated evaporation of an aqueous solution and ulti- 
mately leaving for many weeks not only in a vacuum over sulphuric 
acid, but also for a period exposed to the air, it still remained 4 
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comparatively mobile liquid. This was doubtless a mixture of the 
two possible isomeric forms of inactive «$-dimethyltricarballylic 
acid. A crystalline acid was ultimately obtained by heating the 
syrupy acid at 180° for six hours in a sealed tube with 30 c.c. of 
hydrochloric acid (22 c.c. of the concentrated acid and 10 c.c. of 
water). On extracting the product with pure ether, an acid was 
obtained which solidified readily and melted (after remaining in 
contact with porous porcelain) at 147—151°. Afterwards it was 


rated 
plete 


lour. @ found that an acid of this melting point could readily be obtained 
these § by hydrolysing the trimethyl ester with concentrated hydrochloric 
nino. @ acid and evaporating to dryness. The further purification of the 


acid proved to be a tedious piece of work, for apparently traces of 


L Was 


This | an isomeric acid of lower melting point accompany it. It was 
bout @ crystallised five times from hydrochloric acid before a constant 
kali, @ melting point was obtained. Ultimately the acid melted at 


lf in @ 165—167° (effervescing violently at this temperature, doubtless 
n of @ forming an anhydride). A mixture of this acid with §-methy]l- 
221), tricarballylic acid (m. p. 164—165°) melted at about 152—155° 


(Found: C = 46-7; H=6-1. C,H,,0, requires C = 47:0; H = 
60 per cent.). Attempts were made to isolate the isomeric acid 
the presence of which was suspected, but it must have been present 
insmall quantity, for from the mother-liquors of the above crystal- 
lisation nothing could be isolated except what was obviously 
principally the acid of melting point 165—167°. 
«8-Dimethyltricarballylic acid shows in neutral solution precisely 
the same uncharacteristic behaviour towards various metallic salts 


cit.) 
3-di- 


ited 
tion @ 28 8-methyltricarballylic acid (compare T., 1912, 101, 910). It is 
eral § insoluble in light petroleum, chloroform, or benzene, but readily 


soluble in water or acetic acid. It crystallises well from formic 
acid and from hydrochloric acid. On being heated above its melting 
point, it loses water easily, apparently forming an anhydride. This 
remained gummy and no solvent was found from which it could be 
crystallised. The acid was regenerated on crystallising the gum 
from hydrochloric acid. 


The Addition of Hydrogen Cyanide to Ethyl «-Cyano-6-methyl-A+- 
butene-xy-dicarboxylate (V1). 


In the preceding paper (p. 2222), it is shown that the above ester 
is converted by the action of sodium ethoxide in cold alcoholic 
solution into the isomeric ester, ethyl «-cyano-fy-dimethylglut- 
aconate. In the circumstances in which hydrogen cyanide is added 
on, that is, in the presence of potassium cyanide and the free alkali 
formed from it by hydrolysis, it is almost certain that isomeric 
change precedes the additive process. If such change did not 
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occur, it is clear that the same product is to be expected. In fact, 
the dicyano-ester obtained showed itself in its behaviour on 
hydrolysis, in its behaviour with ammonia, and in its behaviour on 
treatment with sodium and methyl iodide, to be identical with that 
derived from ethyl «-cyano-fy-dimethylglutaconate. 


Methylation of Ethyl «$-Dicyano-B-methylglutarate. Formation of 
By-Dicyano-y-methylbutane-88-dicarboxylate (X). 

In the preparation of this substance, ethyl «$-dicyano-8-methyl. 
glutarate (25 grams) was added to a solution of sodium (2-3 grams) 
in alcohol (50 c.c.), and the mixture, after the addition of methyl 
iodide (25 grams), heated on a boiling water-bath for two and a half 
hours. The product, which was isolated in the usual way, boiled at 
196—197°/17mm. and was a colourless, viscous oil (Found : C = 58-9; 
H = 7-3. C,3H,,0,N, requires C = 58-6; H = 68 per cent.). 

When the ester was boiled with sulphuric acid of about 60 per 
cent. strength for three and a half hours and the liquor saturated 
with ammonium sulphate, an oil separated which showed no signs 
of solidification. It was extracted with ether, the ethereal solution 
dried, and the residue after the distillation of the ether treated 
with methyl alcohol and dry hydrogen chloride. After standing 
over-night, the methyl alcohol and hydrochloric acid were evapor- 
ated in a partial vacuum, the flask being immersed in boiling 
water, and the residue again treated with methyl-alcoholic hydrogen 
chloride. This second treatment resulted in the separation of a 
white, crystalline solid. Water was added and the mixture extracted 
with ether. The ethereal solution was washed with dilute sodium 
carbonate solution, dried with calcium chloride, and the solvent 
distilled. The residue solidified readily and completely. On dis- 
tillation at reduced pressure, it boiled without decomposition at 
219—224°/19 mm. From 10 grams of the original ester a total of 
4-5 grams of the new substance * was obtained. The distillate 
crystallised to a hard solid, which was recrystallised from water. 
Two recrystallisations raised its melting point to 136—137° and 
this was unaltered by further crystallisation. The substance dis- 
solved in dilute alkali hydroxides and also in concentrated sodium 
carbonate solution, being reprecipitated on the addition of acids. 
It contains nitrogen and is in all probability an imide—the imido- 
group explaining the solubility in alkalis. Formula (IX) explains 
the behaviour of the substance so far as it has been examined 

* A specimen of 10 grams of ethyl a8-dicyano-8-methylbutane-ay-dicarb- 
oxylate (VIII), prepared from ethyl a-cyano-Sy-dimethylglutaconate and 
hydrogen cyanide, was subjected to precisely the same treatment as that 
described above. In this case exactly 4-5 grams of the trimethyl ester of 
@8-dimethyltricarballylic acid were obtained, 
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(Found: C = 53:7; H=63; N=7-3. C,H,,0,N requires C = 
42; H = 6-5; N = 7-0 per cent.). 


: vs The imido-ester can be roughly titrated with aqueous alkali: 

that 0-203 gram neutralised 0-03564 gram of sodium hydroxide, whereas 
0-203 gram of a compound of the above formula, if it neutralised 
one gram-equivalent, would require 0-0408 gram. 

- of Further evidence in favour of the view expressed above regarding 
the constitution, was obtained on hydrolysis with concentrated 

hyl. hydrochloric acid. 

ms) This operation required five hours, using a sealed tube, at a 

hy| § temperature of about 175°. The aqueous solution was evaporated 

half @ to dryness on the steam-bath, and the solid residue extracted with 

lat @ pure ether. A residue of ammonium chloride was left and the 

9: ff substance which passed into solution was shown to be «$-dimethyl- 


tricarballylic acid, for after two crystallisations from hydrochloric 
acid it melted at 162—164° (alone or mixed with an authentic 
specimen). (To obtain «8-dimethyltricarballylic acid of maximum 
melting point, 165—166°, requires, as a rule, five or six crystal- 


ion & lisations.) 
ed On vigorously shaking the cyano-ester (X) with concentrated 
ammonia solution, it gradually passed into solution and after six or 


seven hours a sandy solid separated in small amount. This sub- 
stance, which increased a little in quantity after the mixture had 
been kept for some days, was excessively sparingly soluble both in 
methyl alcohol and in water. It melted at about 265° and, unlike 
the substances obtained by the action of ammonia on the other 
cyano-esters, showed no colour reaction with ferric chloride. It is 
probably an amide, no hydrolysis of the carbon chain having 
occurred in this case. 


of Hydrogen Cyanide and Ethyl «-Cyano-«®y-trimethylglutaconate. 
le Some of the trimethylglutaconate was made in the manner 


described by Rogerson and Thorpe (T., 1905, 87, 1669) by the 
ution of sodium ethoxide and methyl iodide on ethyl «-cyano- 
ay-dimethylglutaconate in alcoholic solution. Owing to the 
formation of considerable amounts of ethyl y-cyano-«®y-trimethyl- 
crotonate by the action of traces of sodium ethoxide on the trimethyl- 
glutaconate, attempts were made to substitute metallic sodium and 
metallic potassium for the sodium ethoxide, alcohol being replaced 
by benzene. 

Sodium was found scarcely to react, but with the aid of potassium, 
which formed an insoluble potassium derivative with the cyano- 
dimethylglutaconate, considerable quantities of the trimethy]l- 
glutaconate, b. p. 174—178°/28 mm., were obtained. Unaltered 
4q* 
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cyanodimethylglutaconate could be removed by the action of con. 
centrated ammonia, the trimethyl derivative being unacted upon 
by this reagent. 

In the investigation of the action of hydrogen cyanide on ethy| 
a-cyano-afy-trimethylglutaconate, it was necessary to avoid the 
use of alcohol, since, owing to the presence of potassium cyanide, a 
certain amount of potassium ethoxide would have been formed, 
with the consequent elimination of ethyl carbonate and the formation 
of cyanotrimethylcrotonate. Agitation with an aqueous solution of 
potassium and hydrogen cyanides was the method adopted. The 
product in two separate experiments was identical with the starting 
material. It can therefore be safely concluded that ethyl «-cyano. 
«8y-trimethylglutaconate does not add on hydrogen cyanide. 


Methylation of Ethyl «8-Dicyano-8-methylbutane-«y-dicarboxylate 
(VIII). ? 
Formation of Ethyl By-Dicyano-y-methylpentane-83-dicarboxylate (X1). 

Since the above method for producing this substance failed, an 
attempt was next made to methylate ethyl «$-dicyano-8-methyl- 
butane-«y-dicarboxylate and was found to be successful. 

In methylating this substance, 18-9 grams of it were treated with 
sodium ethoxide, prepared by dissolving sodium (1-61 grams) in 
absolute alcohol (40 c.c.). Subsequently methyl iodide (20 grams) 
was added. The addition of the sodium ethoxide resulted in a 
bright red colour, and there was no evolution of heat. The mixture 
became hot, however, on the addition of methyl iodide. The 
reaction was allowed to proceed by itself for about one hour and 
the mixture was then heated gently for a similar period on the 
steam-bath. On pouring into water and extracting with ether in 
the usual way, 16 grams of a new substance, b. p. 202—207°/23 mm., 
were isolated (Found: C = 59-6; H=6-8. C,,H.0,N, requires 
C = 60-0; H = 7-0 per cent.). 

This new substance, which is a colourless oil, is quite insoluble in 
10 per cent. aqueous potassium hydroxide, and is hence readily 
distinguishable from the original cyano-ester. It dissolves with 
great difficulty on prolonged standing with concentrated ammonia, 
but the product has not been examined. 


Hydrolysis of Ethyl By-Dicyano-y-methylpentane-(5-dicarboxylate. 
Formation of the Anhydride of Trimethyltricarballylic Acid, 
GO-CHMe-CMe-CHMe-CO,H CO-CHMe-CMe(CO,H)-CHMe'C0 
} O or | O = 


When the cyano-ester is boiled with 40 per cent. sulphuric acid, 
it is slowly hydrolysed, the original oil being replaced by the 
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jydrolysis product, which is itself insoluble and floats on the 
silphuric acid. Some of the product solidified without further 
eatment and was filtered off and crystallised from formic acid, 
yhen, after two crystallisations, it melted at 188—190°. The bulk 
if the product, however, required extraction with ether. The 
atract was treated with methyl alcohol and dry hydrogen chloride, 
ud the ester thus formed isolated in the usual way. Practically 
the whole quantity boiled at 166—172°/26 mm. Redistillation 
sve a good specimen of boiling point 164—167°/24 mm. (Found : 
(=549; H=7-3. C,H 0, requires C = 55-4; H = 7-7 per 
ent.). There can be no doubt that this is the trimethyl ester of 
timethyltricarballylic acid. 

Hydrolysis of Methyl Trimethyltricarballylate—By means of alco- 
bolic potassium hydroxide solution an acid was obtained which 
rmained gummy and crystallised only on boiling its solution in 
tydrochloric acid to almost complete dryness. By a somewhat 
yasteful crystallisation from hydrochloric acid a substance, m. p. 
\si—189°, was obtained, identical with the compound, m. p. 
\8—190°, already referred to. A specimen crystallised from 
tydrochloric acid and dried in an exhausted desiccator over sulphuric 
wid was analysed (Found: C = 53-8; H = 5-9. C,H,,0; requires 
(= 54-0; H = 6-0 per cent.). 

The substance is evidently the anhydride of trimethyltricarballylic 
wid, for the acid itself requires C = 49-5; H = 6-4 per cent. 
lhis is further borne out by the titration of the above compound : 
(1554 gram required 20 c.c. of N/10-NaOH, whereas 0-1554 of an 
ahydro-acid, C,H,,0;, should require 23-3 c.c. The end-point, 
wing phenolphthalein, was very difficult to find, and a pink colour 
if reasonable permanence was obtained only after long standing. 

It was at once noticeable that the substance of melting point 
1§88—190° did not effervesce on melting (or on heating even at 
40°), whilst the other methyltricarballylic acids evolve water with 
violence at their melting points. 


In conclusion, we desire to express our thanks to the Research 
fund Committee of the Chemical Society for a grant which has 
iefrayed a portion of the cost of this investigation. 

THE UNIVERSITY, Dyson PERRINS LABORATORY, 


MANCHESTER. Oxrorp UNIVERSITY. 
[Received, August 10th, 1922. ] 
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CCLXVII.—Reduction of Thorium Oxide by Metallic 
Tungsten. 


By Tue Reskarcu Starr oF THE GENERAL Exectric Co., Lr, 
Lonpon (work conducted by CoLIN JAMES SMITHELLs). 


It is well known to workers on thermionic valves that the electron 
emission from tungsten is increased if the metal contains about 
1 per cent. of thoria. This has generally been ascribed to the 
effect of metallic thorium (Langmuir, Brit. Pat. 148,132), although 
no explanation of the formation of the metal has been put forward. 
The following experiments show that thorium can be produced 
under certain conditions by reaction between tungsten and thoria. 

A series of gas-filled lamps having tungsten filaments containing 
0-7 per cent. of thoria were burned for various periods at different 
temperatures, and the filaments examined microscopically and 
chemically. If a thoriated filament is dissolved in a mixture of 
boiling hydrofluoric and nitric acids, the thoria will remain as a 
white residue (Trans. Faraday Soc., 1921, 17, 485), whilst any 
metallic thorium will dissolve. The filaments from the experi 
mental lamps were examined in this way, and it was found that as 
the temperature and the time of burning were increased, the residue, 
on dissolving, became green, blue, or grey, and diminished in volume. 
After burning at a sufficiently high temperature, only a microscopic 
residue remained, and this consisted of grey, metallic crystals and 
contained no particles of thoria. 

If, however, the filament is volatilised in a current of chloro- 
form and air, a residue of thoria will be obtained, showing that a 
large part of the thorium is still in the filament. 


TABLE I. 


Temperature of Time in Residue after 
filament. °K.* hours. dissolving. Remarks. 
2580 24 White ThO,. No reaction. 
2600 Blue * ) 
2630 Greenish-blue ThO,. f Some ,, 
2700 Slate grey - 
2750 No ThO,. Reaction complete. 
2800 ” ” 99 ”? 
2650 12 White ThO,. No reaction. 
2650 600 Green ,, Some ,, 
2700 24 Slate grey ThO,. ” ” 
2700 100 No ThO,. Reaction complete. 


* These temperatures are strictly comparable, but may differ from the 
absolute value by a small amount. 

Table I shows the influence of time and temperature on the 
reduction of the thoria. 


Unete 
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It is apparent from these experiments that when a filament 
wntaining thoria is burned at a temperature of about 2700° K., 
the thoria is reduced by the tungsten, giving metallic thorium. 
from the colour of the thoria residues as the action proceeds, it 
spears that a secondary reaction also takes place. A microsection 
ifa filament in which the reduction is complete shows the presence 
i a large number of bright orange-coloured inclusions, Fig. 1 
sa photomicrograph of an unetched section of a filament after 
jwming for three hundred hours at 2850° K. These inclusions 
we not metallic thorium, as thorium produced by reduction of 


Fiac. 1. 


Unetched section of tungsten filament containing 0-7 per cent. of ThO, after 
burning for 300 hours at 2850° K. x 400. 


thoria within a filament is not visible under the microscope, and 
moreover, they are not attacked by boiling hydrogen peroxide. 
To determine the nature of these inclusions, which appeared to 
be connected with the coloration of the thoria residues from dis- 
slved filaments, a short spiral of tungsten wire was packed with 
ignited thoria, and the temperature gradually raised to 3000° K. 
by the passage of an electric current. The experiment has been 
carried out in pure dry argon, nitrogen, hydrogen, and in a vacuum, 
with the same result in each case. The surface of the thoria gradu- 
ally becomes converted into a grey, metallic, crystalline mass, 
belonging apparently to the cubic system. It has not been possible 
to convert the whole of the thoria, and the unchanged part de- 
velops into large, prismatic crystals. The reaction proceeds very 
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slowly at 1500° K., but is completed in a few minutes aboye 
2600° K. 

The grey crystals are exceedingly stable towards acids and 
alkalis. After grinding the material, it was possible to remoye 
most of the unchanged thoria by levigation in water, but the micro. 
scope showed that the residue was not homogeneous and consisted 
of a mixture of transparent crystals varying in colour from yelloy 
to blue, in addition to the grey metallic crystals. This mixture, 
which is not attacked by hydrofluoric and nitric acids, was fused 
with sodium carbonate (Found: Th = 57; W = 26 per cent), 
The grey material appears from its behaviour towards reagents to 
be a thorium-tungsten—bronze, and it is suggested that the coloured 
crystals are thoria containing a small proportion of the oxides of 
tungsten in solution. The colours of the thoria residues from 
dissolved filaments are probably due to the same cause. No 
bronzes of tungsten and the alkaline-earth metals have been de. 
scribed previously, although double bronzes with the alkali metals 
are known (Engels, Z. anorg. Chem., 1903, 37, 125). 

From these experiments it appears that the main reaction taking 
place in the filament is the reduction of thoria to thorium by the 
tungsten. In addition, there is considerable evidence that the 
tungsten oxide formed combines with some unchanged thoria to 
form a thorium-tungsten-bronze. 

If the composition of this substance is similar to that of the known 
bronzes, it will be of the form Th(WO,),, where, by analogy, m may be 
from about 3 to 10, and it is clear that a large amount of metallic 
thorium may be produced for each molecule of bronze formed. 

RESEARCH LABORATORIES, 


GENERAL Exectric Co., Lrp., 
WEMBLEY. [Received, August 7th, 1922.] 


CCLXVIII.—y-Methylfructoside. 


By Rogpert CHARLES MENZIES. 


THE synthesis of y-methylglucoside by Fischer (Ber., 1914, 47, 
1980) and the investigation of its methylated derivatives (Irvine, 
Fife, and Hogg, T., 1915, 107, 524) would doubtless, in normal 
times, have been followed more quickly by the synthesis of the 
corresponding derivative of fructose, described in this paper. 

The existence of a reactive unsubstituted methylfructoside was 
predicted by Irvine and Robertson (T., 1916, 109, 1311), but previous 
evidence has been circumstantial, although methylated derivatives 
of y-fructose have been obtained from sucrose (T., 1920, 117, 207) 
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and from inulin (ibid., p. 1486). No methylfructoside containing 
an unsubstituted y-fructose residue has hitherto been prepared. 

A dextrorotatory reactive methylfructoside has now been isolated 
from the products of the action of pure methyl alcohol containing 
hydrogen chloride upon fructose ; it will be shown that the fructose 
residue in this compound is identical with that in sucrose and in 
inulin. The recent work on these two substances is well known. 
It is, however, convenient to summarise previous indications of the 
existence of y-methylfructoside. 

In 1895, Fischer (Ber., 28, 1160) heated a solution containing 
\0 per cent. of fructose and 0°5 per cent. of hydrogen chloride in 
dry methyl alcohol for forty-eight hours at 35°. By extraction of 
the resulting syrup with ethyl acetate he obtained a hygroscopic, 
amorphous mass, characterised by the ease with which it was 
hydrolysed with regeneration of fructose. Purdie and Paul (T., 
1907, 91, 289) repeated Fischer’s conditions as to concentration, 
but carried out the reaction at room temperature. Following the 
change polarimetrically, they found that the specific rotation of a 
solution containing approximately 10 per cent. of fructose changed 
from —56°, the value four minutes after addition of the hydrogen 
chloride, to —4°65° after four hours. A slow change in the reverse 
direction then commenced, the original value of —56° being again 
reached after two hundred hours. 

In their discussion of results, Purdie and Paul direct attention 
to the possible formation of a dextrorotatory methylfructoside and 
state that a dextrorotatory compound was actually isolated from a 
syrup which had deposited crystalline levorotatory tetramethyl 
fructose. 

The work of Irvine and Robertson (T., 1916, 109, 1305) confirmed 
Purdie and Paul’s general conclusions, but showed that the issue 
was complicated by the presence of acetone as an impurity in the 
methyl alcohol used. They also predicted the properties of the 
y-fructose, of which the methylfructoside now described is the first 
synthetic derivative. 

Using as solvent pure methyl alcohol free from acetone, and dried 
before use by repeated distillation over sodium, it has now been 
found that the optical rotations of solutions containing not more 
than 5 per cent. of fructose change sign in about twenty minutes 
from the time of addition of hydrogen chloride, and attain maximum 
positive values in little more than half an hour. On arresting the 
reaction at this stage by neutralisation of the acid, a feebly dextro- 
rotatory syrup is obtained on removal of the solvent. This syrup 
gives analytical figures approximating to those required for a methyl- 
fructoside. 
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This change in the optical rotation is accompanied by condensa. 
tion between the ketose and the alcohol, and in the case of a 24 per 
cent. solution of fructose more than 85 per cent. of the sugar under. 
goes reaction in forty minutes at 20°. These figures show that the 
change is the most rapid of this kind hitherto encountered in the 
sugar group. 

Treatment of the syrup with ethyl acetate leads to partial solution 
only, the insoluble portion displaying in methyl alcohol a specific 
rotation of —27°. The fraction soluble in ethyl acetate is dextro. 
rotatory, [«]) + 25°3° (in ethyl acetate), + 26°6° (in water), and 
consists essentially of y-methylfructoside. It is, however, probable 
that ethyl acetate also dissolves small quantities of the levorota- 
tory «- and 8-methylfructosides, as in one experiment five successive 
extractions with ethyl acetate gave products showing the following 
specific rotations: -+ 35°, + 29°8°, + 31°, + 16°9°, and + 9°3°, 
The fourth and fifth extracts were of much lower concentrations 
than the others, so that the original syrup thus consisted of some 
unchanged fructose together with a mixture of methylfructosides, 
partly dextrorotatory and comparatively readily soluble in ethyl 
acetate, partly levorotatory and very sparingly soluble in ethyl 
acetate. The use of this solvent may consequently be expected to 
lead to a good, but not to a complete, separation between the 
dextrorotatory and levorotatory components of this mixture. 

Analysis showed that the syrup remaining after removal of the 
ethyl acetate had the composition of a methylfructoside. The 
compound has, moreover, all the characteristics of the derivatives 
of a y-sugar, being completely hydrolysed in the cold by 0°033 per 
cent. aqueous hydrogen chloride, the specific rotation meanwhile 
changing from -++- 22° to —64°3° owing to the formation of fructose. 
Under similar conditions, $-methylfructoside is unattacked. 
y-Methylfructoside decolorises N/500-potassium permanganate 
solution in thirty minutes, the same time, under similar conditions, 
being required by y-methylglucoside, whilst «-methylglucoside and 
6-methylfructoside required thirty hours. 

The above data afford conclusive evidence that the dextrorotatory 
methylfructoside belongs to the y-type, and the formation from 
fructose of a compound of this nature has now been definitely proved 
for the first time (see Irvine, Steele, and Shannon, this vol., p. 1069). 

Identification of the ketose residue in y-methylfructoside with that 
contained in sucrose and in inulin rests, as usual, on a comparison 
of the derived tetramethylfructoses. Tetramethyl y-methyl- 
fructoside was first prepared from y-methylfructoside by the silver 
oxide method. This was repeated three times, the product being 
then distilled and again methylated. From this, tetramethyl 


Fr 
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densa. | y-glucose was prepared by hydrolysis, a solution containing approxi- 
24 per § mately 1 per cent. of tetramethyl y-methylfructoside and 0°25 per 
under. @ cent. of hydrogen chloride being heated at 100° for three hours. 
at the The analytical and physical data of the above compounds are 
in the | compared with those obtained for the corresponding compounds 
when prepared from sucrose and from inulin. 
lution : 
recific Tetramethyl y-methylfructoside. 
xt C. H. OMe. 
Wecee MAIR F scnecccssssvsccacccesese 52-33 8-47 60-6 
» and WEE TRRGNORD a nnciscscessecesccesesss 52-30 8-91 60-7 
bable C,H,O(OMe), requires. ............ 52-76 8-86 62 per cent. 
rota. Ny B. p. [a]. 
ssive BH frominulin* ... 11-4471 137—138-5°/12mm,. +20-98° (in ethyl alcohol) 
wing From fructose ... 1-4468 95—105°/0:15 mm. -+44-9° (in ethyl alcohol) 
9°3°, 
tions Tetramethyl y-fructose. 
some Cc. H. OMe. 
ide A TU ince csccscessncuscces 50-88 8-57 53-2 
8, BE CIES sccccccciaveconsncses 50-87 8-51 50-3 
thyl From fructose  ...........sssseeeees 50-44 8-54 52-55 
thy] C,H,0,(OMe), requires ......... 50-85 8-47 52-5 
d to Np: B. p. [a]p- 
the From inulin * ............00- 1-4554 148-5°/10 mm. +32-9° 
From sucrose f_ .....-++++.- 1-4545 154°/13 mm. +31-7 hin water. 
th From fructose .........e.se0- 1-4545 95°/0-12 mm, +24-64 
e 
Th * Irvine and Steele, T., 1920, 117, 1487. 
vanes + Haworth, ibid., p. 207. 
ives 
per The above figures indicate that the three sugars are essentially the 
hile same. The differences in the specific rotations in the case of the 
Ose. tetramethyl y-methylfructosides are without doubt principally due 
ed. to the different proportions of the stereoisomerides present in the 
propo p 
ate two cases. 
ns, This factor does not interfere in the case of the tetramethyl 


ind y-fructoses, but here, as already explained, the synthetic product 
is mixed with a little levorotatory tetramethyl fructose, derived 
ry from levorotatory methylfructoside dissolved by ethyl acetate. 


om In view of recent publications, it is prudent to state that it is 
ed intended in this laboratory to attempt the synthesis of sucrose from 
9). y-methylfructoside. 

at 


ExPERIMENTAL 


on 
yl Specification of Methyl Alcohol Used.—It has been shown by 
er Irvine and Robertson (loc. cit.) that their own results, as also those 


of Purdie and Paul, were profoundly modified by the presence of 
acetone in the methyl alcohol used as solvent, the ketone condensing 
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with the sugar to form methylfructoside-monoacetone. For the al 
present work, methyl alcohol was used which was free from acetone, ac 
giving no precipitate of iodoform with a solution of iodine in 

N-sodium hydroxide solution. It was dried by repeated distilla. J F 
tion over sodium, the fraction boiling between 64°5° and 66° being sf 


Fia. 1. 


Curve I. 24% Fructose at 20°. 
Curve Il. 5% Fructose at 18°. 
Curve III. 10% Fructose at 20°. 
Curve IV. 10% Fructose (Purdie and Paul). 


Solvent, methyl alcohol free from acetone, dried by distillation over sodium 
some days before use. 0°5°% Hydrogen chloride in each case. 
Fia. 2. 


Curve V. 2% Fructose at 20°. 
Curve VI. 23% Fructose; 1% water at 20°. 
Curve VII. 23% Fructose ; 6°5% water at 20°. 
Solvent, methyl alcohol free from acetone, distilled over sodium immediately 
before use. 0°5% Hydrogen chloride in each case. 
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employed. The density corresponded with a methyl alcohol 
content of more than 99°5 per cent. 

Optical Data.—Using the methyl alcohol specified above as 
solvent, solutions containing 0°5 per cent. of hydrogen chloride in 
each case and 10, 5, and 2°5 per cent. of fructose were prepared. 
The fructose was first dissolved in the pure solvent; dry methyl- 
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alcoholic hydrogen chloride was then added, the quantities being 
adjusted so that the desired solution was obtained on mixing. 

Fig. 1 illustrates the changes with time of the specific rotations. 
For comparison, a curve is also shown displaying the changes in 
specific rotation calculated from Purdie and Paul’s figures. Zero 
time in each case is that of addition of the hydrogen chloride. 

It will be noted that the changes now under discussion were both 
greater in magnitude and more rapid than those observed by Purdie 
and Paul, and that in the cases of solutions containing 5 and 2°5 
per cent. of fructose, the sign of the rotation quickly changed, a 
maximum positive value being observed in less than half an 
hour. 

This result was directly contrary to that expected, since Irvine 
and Robertson (loc. cit., p. 1310) wrote : 

“The methyl alcohol which is recovered from the methy]l- 
fructoside preparation, and is thus deprived of the last traces of 
acetone, condenses with fructose in a different manner. . . . No 
preliminary fall in levorotation then takes place, so that the section 
AB in Purdie and Paul’s curve is cut out ” (Purdie and Paul, loc. 
cit., p. 291). 

This statement requires modification. Irvine and Robertson’s 
solutions contained 10 per cent. of fructose; their methyl alcohol 
contained 5 per cent. of acetone. They showed that both acetone 
and alcohol condensed with fructose. These condensations and 
likewise the subsequent neutralisation of hydrogen chloride with 
silver carbonate involve the formation of water. Now it will be 
seen by reference to Fig. 2 that the addition of 1 per cent. of water 
to a solution containing 2°5 per cent. of fructose and 0°5 per cent. of 
dry hydrogen chloride in dry methyl alcohol is sufficient to inhibit 
the change in sign of the optical rotation otherwise observed. Larger 
quantities of water completely alter the shape of the curve. 

These observations indicate that the changed optical behaviour 
described by Irvine and Robertson is to be attributed, not to the 
elimination of acetone, but to the introduction of water into their 
recovered alcohol. 

This conclusion is strengthened by the following experiment. 

The solution containing 5 per cent. of fructose (Fig. 1) was neutral- 
ised by careful addition of sodium dissolved in dry methyl alcohol. 
The solvent was then removed by slow distillation through a column. 
The first fraction was used for a similar experiment, the same con- 
centration of fructose and of hydrogen chloride being used. The 
curve now obtained by plotting the rotations against the times was, 
within the limits of experimental error, identical with the first. 
Further confirmation of the statement that the flattening of the 


2244 MENZIES : y-METHYLFRUCTOSIDE. 


curve described by Irvine and Robertson was not due to the removal 
of acetone is afforded by the fact that acetone itself has an effect 
similar to that of water in altering the changes observed subsequent 
to the addition of hydrogen chloride (Fig. 3). 


Fia. 3. 


Curve V. 23% Fructose at 20°. 

Curve VIII. 24% Fructose ; 0°2% acetone at 20°. 
Curve IX. 2% Fructose; 1:4% acetone. 
Curve X. 2}% Fructose; 5% acetone at 20°. 


Solvent, methyl alcohol ; distilled over sodium. 
0°5% Hydrogen chloride in each case. 
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The above details are given partly at the direct request of one of 
the above authors, and partly because they indicate the great 
importance in this work of the purity of the methyl alcohol used. 


y-Methylfructoside. 

General.—The solutions containing 10 per cent. and 2°5 per cent. 
of fructose (Fig. 1) were neutralised after ninety and forty minutes, 
respectively. On removal of the solvent, the resulting syrups 
gave the following analytical figures— 
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p from 10 per cent. fructose ......... 41-9 7-4 16-2 
Syrup from 2-5 per cent. fructose ......... 42-8 7-5 15-9 
C,H,,;0;(OMe) requires ..............0sese0e 43-3 7-2 15-9 
CgH ysOg TOQUITES .......0cccecreccccccccccceces 40 6-7 — per cent. 


These figures indicate that the reaction is more complete in the 
more dilute solution, in which condensation of more than 85 per 
cent. of the fructose appears to have taken place. This syrup still 
reduced Fehling’s solution. 

Details of Preparation of y-Methylfructoside—Seven grams of 
fructose were dissolved in methyl alcohol. This solution was diluted 
with methyl-alcoholic hydrogen chloride so that the total volume 
amounted to 350 c.c., whilst the acid content was 0°5 per cent. 

The rotation was observed at short intervals, the maximum 
positive value, [«]) + 6°, being attained after thirty-two minutes. 
The acid was neutralised by careful addition of sodium methoxide 
solution until the reaction was neutral to litmus. The greater 
part of the solvent was removed by distillation on the water-bath 
at the ordinary pressure ; the remainder in a vacuum desiccator. The 
resulting syrup was shaken with ethyl acetate previously dried over 
potassium carbonate. By this means sharp separation was effected, 
there being obtained a levorotatory syrup insoluble in ethyl acetate 
([aly — 27° in methyl alcohol). y-Methylfructoside dissolved in 
the ethyl acetate, and on removal of this solvent was obtained as a 
colourless, hygroscopic syrup, [«], + 25°2° (in ethyl acetate), 
+ 26°6° (in water). 

Owing to its hygroscopic nature, drying for analysis was difficult, 
and had to be continued in a vacuum for more than twenty-four 
hours at 90° (Found: C= 436; H=71; OMe= 148, 144. 
C,H,,0, requires C = 43°3; H = 7:2; OMe = 15°9 per cent.). 

y-Methylfructoside, dissolved in water, gave no precipitate on 
immediate boiling with Fehling’s solution; if, however, six hours 
were allowed to elapse before applying the test, perceptible reduction 
was observed. Standing for six hours at room temperature with 
N/100-hydrogen chloride led to marked evidence of hydrolysis, 
whilst boiling for one minute with N/10-acid was followed by a 
copious formation of cuprous oxide on subsequent heating with 
Fehling’s solution. 

Hydrolysis of y-Methylfructoside—As the behaviour towards 
Fehling’s solution indicated the compound to be unusually sensitive, 
an aqueous solution was made up containing 0°927 per cent. of 
y-methylfructoside with 0°033 per cent. (= N/111) of hydrogen 
chloride. The temperature was never allowed to exceed 20°. 
The rotations were read in a 2-dem. tube, the change of specif:c 
rotation with time being shown in Fig. 4. After an initial increase 
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from 22°06° to 28°05° (not shown) during the first thirty minutes, 
the specific rotation steadily decreased, changing sign after thirty 
hours, and reaching a value corresponding with a specific rotation 
of —64:26° after twenty-seven days. It has recently been shown 
in this laboratory by Dr. J. Patterson that under much more drastic 
conditions the observed rotation of 6-methylfructoside displayed 
no change. 

The syrup obtained after neutralisation of the acid and removal 
of the solvent gave a phenylosazone, which had the same melting 


Fig. 4. 
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point as glucosephenylosazone. The identity was further established 
by taking a mixed melting point. 


Tetramethyl y-Methylfructoside and Tetramethyl y-Fructose. 


All the operations involved in converting y-methylfructoside into 
tetramethyl y-methylfructoside and tetramethyl y-fructose followed 
the lines usual in this laboratory, and do not require detailed 
description. 

The analytical and physical data form an integral part of the main 
argument and have been consequently given in the introduction. 
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(CLXIX.—Determination of the Molecular Weight of 
Substances in Alcoholic Solution from the Elevation 
of the Flash Point. 


By Ropert WRIGHT. 


THE flash-point apparatus here described was devised for the 
investigation of the selective solvent action of aqueous alcohol, 
an account of which is given in the following paper. The results 
obtained showed that the flash point of an alcoholic solution could 
be determined to within 0-1°, and it was thought that the method 
might be adapted to the determination of molecular weights of 
substances soluble in alcohol. 

The flash point of a combustible liquid may be regarded as the 
temperature at which the air space over the confined liquid is rich 
enough in vapour to permit the passage of flame through the air— 
vapour mixture. It denotes a state of definite richness of vapour 
—or vapour pressure—for the given liquid and therefore is strictly 
comparable with the boiling point of a liquid, in that both represent 
temperatures of definite vapour pressure. It follows from this 
that the elevation of the flash point by means of a non-volatile 
solute should follow the same laws as the elevation of the boiling 
point. 

The flash-point constant—or the elevation of the flash point 
produced by the addition of a gram-molecule of solute to 100 grams 
of solvent—for alcohol will be given by the expression K = 0-027?/L. 
Its value will be less than that of the boiling point constant for 
the same liquid, as 7' will be lower and L greater in the case of the 
flash point. The flash point of pure alcohol in the apparatus used 
was found to be 17-4°._ Young (Proc. Roy. Dub. Soc., 1910, 12, 441) 
gives 220-6 calories as the value of the latent heat of alcohol at 
20°. Using this figure, we get 7-7 as the value of the flash-point 
constant, that of the boiling-point constant being 11-5. It will 
be evident that, from a knowledge of the flash point of pure alcohol 
and of that of an alcoholic solution of known composition, the 
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molecular weight of the solute may be found as in the boiling-point 
method. 

As an alternative, the formula for the lowering of the vapour 
pressure, (p—p’)/p’ = n/N, may be used. The vapour pressure 
of pure alcohol at the temperature of its flash point is found from 
tables; this value is the same as the vapour pressure of the solution 
at the temperature of its flash point. The vapour pressure of the 
pure solvent, p, at the flash point of the solution is also found 
from tables. Then, since the vapour pressures of both solvent 

and solution at the temperature of 
Fic. 1. the flash point of the solution are 
known, and the composition of the 
solution is also known, we can 
calculate the molecular weight of the 
solute in the usual manner. All the 
flash points determined were between 
the temperatures 17° and 19°; the 
vapour pressures of alcohol at these 
temperatures were taken as 36-8 mm. 
and 41-4 mm., and the vapour pres- 
sures at intermediate temperatures 
were found by assuming that the 
curve connecting the logarithm of 
the vapour pressure and the temper- 
ature is a straight line. 

The standard form of flash-point 
apparatus as designed by Abel was 
at first employed, but it was not 
found possible to get results closer 
than about one degree, so a different 
type of apparatus was constructed in 
O which the vessel is completely im- 
mersed in the heating bath, and the 
liquid is stirred by means of an air 
current. The apparatus consists of a tinned copper cylinder 55 mm. 
in diameter and 75 mm. high. The top is fitted with two tubes, 
one carrying a thermometer graduated in tenths of a degree and 
the second—which is 20 mm. long and of 4 mm. bore—con- 
nected by means of rubber with a short piece of silica tube to act 
as a jet; this silica jet is essential, as without it the working of 
the instrument is very erratic. A second copper tube, which 
serves as an air heater, is wound several times round the cylinder 
in the form of a spiral ; it then passes through the wall of the cylinder 
and is bent in the form of a ring lying close to the bottom of the 
vessel. The end of the spiral tube inside the vessel is closed and 
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the ring is pierced with a number of fine holes so that on passing 
ir through the spiral the liquid in the cylinder is effectively stirred. 

In carrying out a flash-point determination, a definite quantity 
(100 c.c.) of liquid is placed in the vessel, which is then placed in 
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l from a beaker of about 2 litres capacity to act as a heating bath, the 
ution apparatus being completely immersed in the water up to :he rubber 
of the connexion of the silica jet The spiral tube is then connected 
found § through a calcium chloride drying-tube with a gas holder filled 
olvent BF vith air, a spring clip being placed on the rubber tube connecting 
ire of Bi the spiral and the drying-tube. The bath is heated by a very small 


fame and is stirred from time to time; the rate of heating being 
about one degree in fifteen minutes. At intervals of about two 
minutes the flame is removed, the bath stirred, and a series of 
short gusts of air admitted through the spiral by actuating the 


Ut the spring clip, until the temperature shown by the thermometer is 
- quite constant. The small flame is then held close to the silica 
, the 


jet, and a further series of air gusts are passed through the liquid. 


these Bf The alcohol vapour carried by the air burns at the jet, and, if the 
mm. § flash point has been reached, the flame will strike back into the 
Pres: & vessel with a slight explosion. If the temperature is below the 
tures B flash point, the flame is replaced below the bath and the tem- 
Bi perature allowed to rise a few tenths of a degree, when the flash 


test is repeated as before, the heating and testing being repeated 
every few minutes until the flash point is passed. After a flash 
has been obtained, the products of combustion are swept out of 
the vessel by a stream of air, the bath is cooled about 1°, and 
the process repeated with smaller temperature intervals between 
the tests. At least four flash points are obtained in this manner, 
and the lowest is taken as the true flash point. With due care, the 
flash point can be obtained with an accuracy of 0-05°. The follow- 
ing points are important: (1) The same volume of liquid should 
always be used in the apparatus. (2) The temperature of the 
vapour should be quite constant before a flash test is applied. 
(3) It should be made perfectly certain that the flash point has not 
been reached before the temperature is again raised, that is, about 
a dozen short air gusts should be passed while the flame is held to 
the jet. (4) The products of combustion should be swept out 


a immediately after a flash. (5) Care should be taken not to wet 
a the inside of the jet by stirring the liquid with too violent a stream 
be of air. Should this occur, the jet may be dried by filter-paper 


wrapped round a glass rod. 

The solutions used are prepared by weighing the solute in a 
graduated 100 c.c. flask, filling with alcohol to the mark, and again 
weighing. The contents of the flask are then poured into the 
apparatus and tested in the manner already described. After a 
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test has been completed, the apparatus is washed out and dried 
by heat and a current of air. 

The results obtained for a number of solutes are shown in the 
table. Molecular weight A is calculated by taking the value 7.7 
as the flash-point constant, whilst molecular weight B is calculated 
from the lowering of the vapour pressure. 


Grams of Grams of Flash point Molecular weights, 
solute. solvent. elevation. A. B. True, 


Carbamide 76-36 0-40° 61-5 61-760 
Acetanilide ° 75-21 0-45 127. 127 135 
Benzoic acid . 74-54 0-60 130 =126 122 
: 75-70 0-55 98 94 93 

75-08 0-50 109 + 110 108 

It will be seen that these results are accurate to within about 
5 per cent., that is, they are comparable with those obtained by 
the boiling-point method. It should be pointed out, however, 
that the manipulation is somewhat tedious and that for accurate 
results somewhat high concentrations of solute must be used. On 
a flash-point elevation of about 0-50° and with a limit of 0-05° in 
the accuracy of its determination, the error in the molecular weight 
would be about 10 per cent. 

The investigation was confined to ethyl alcohol, although other 
alcohols would probably be satisfactory. Benzene and other 
substances rich in carbon burn with a smoky flame which fouls the 
jet and renders accurate work impossible; moreover, the flash 
point of benzene is below its freezing point. It should be noted 
that the flash point obtained with the apparatus described is higher 
than that given by the standard Abel instrument, and that it will 
be greatly affected by the size of jet used. 

A final point might be mentioned. The flash point of petroleum 
has long been known to be affected by atmospheric pressure. A 
fall of 10 mm. in the barometric height lowers the flash point by 
about 0-3° (Redwood, “‘ Petroleum and its Products’’). This 
lowering is usually accounted for by the greater ease of evaporation 
at the lower pressure. But if the flash point depends only on the 
vapour pressure of the liquid, it should not be affected by change 
of barometric pressure, although the time taken for the liquid to 
come into equilibrium with its vapour would be longer at high 
pressures. A series of flash points was taken at pressures from 
750 mm. to 770 mm. and in all cases the value 17-4° was obtained 
for alcohol. The effect obtained in the case of petroleum may be 
due to the complex nature of the liquid. 
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CCLX X.—Selective Solvent Action by the Constituents 
of Aqueous Alcohol. 


By Rospert WRIGHT. 


Ir is well known that when dealing with a mixed solvent, such as 
aqueous alcohol, many substances will dissolve in the mixture which 
are soluble in only one of the constituents. For example, sucrose 


60 js insoluble in pure alcohol but will dissolve readily in alcohol 
pon mixed with water; and on the other hand, many substances in- 
93 soluble in water will dissolve in the water—alcohol mixture. 
ats The question then arises: Are these solutes—or semi-solutes— 
bout § really dissolved in both constituents of the mixed solvent, or are 
1 by § they simply held in solution by means of that constituent which 
ver. | has power to dissolve them when acting alone ? 
a The question might be answered if we had a knowledge of the 
On § effect produced by a series of solutes on the partial vapour pressures 
° in of the water—alcohol mixture. Thus, sucrose, when added to water, 
ight | will lower its vapour pressure, but will have no effect on alcohol, 
since it is insoluble in this solvent. When sucrose is dissolved in 
her § aqueous alcohol, will it lower both the partial vapour pressures or 
her that of the water only? Again, benzyl alcohol is insoluble in 
the water but soluble in ethyl alcohol. What effect will it have on 
ash the partial vapour pressures of the two constituents of the mixed 
ted solvent ? 
her The most satisfactory method of investigating the partial pressures 
vill of the mixed solvent is by conducting a series of analyses of the 
vapour phase in equilibrium with the solvent when a series of 
im different solutes are dissolved in it, and comparing the results with 
A that given by an analysis of the vapour when no solute is present. 
by This method is somewhat tedious, and the results obtained by it 


will be considered later. 

As a preliminary method of investigation, the flash points of 
a series of aqueous alcoholic solutions were made use of; the 
apparatus and method of working being those already described 
for the determination of molecular weights (this vol., p. 2247). The 


0 
h flash point of the mixed solvent was first found, and then a series 
1 taken when different solutes were present. The results obtained 
1 are shown in Table I. 

, It is at once seen that the different solutes have very different 


effects on the flash point of the solution, and therefore at least on 
the vapour pressure of the alcoholic constituent. Benzyl alcohol, 
which is soluble in alcohol but not in water, raises the flash point 
of the solution, that is, lowers the partial vapour pressure of the 
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TABLE I. 


Flash points of solutions of aqueous alcohol containing 44 per cent, 
of alcohol by weight. 


Grams of Grams of Flash 
solute. solvent. point. 
— 30-5° 
19-42 84-24 29-3 
12-93 85-63 29-7 
11-92 84-24 33-6 
5:35 88-31 32-0 
10-85 84-76 30-3 
24-42 75°85 30-1 


alcoholic constituent. Sucrose, on the other hand, lowers the flash 
point and therefore presumably increases the vapour pressure of 
the alcohol; this may be due to the sucrose molecules hydrating 
themselves and thus rendering inert some water molecules and, as 
it were, leaving the solution richer in alcohol. Glycerol, which is 
miscible with both constituents, has also a slightly lowering effect 
on the flash point; it has therefore probably a greater attraction 
for the water than for the alcohol present in the mixture. It should 
be noted that the reasoning has ignored the effect of the solutes 
on the partial vapour pressure of the water component. It may 
be that sucrose, by lowering the aqueous vapour pressure and 
consequent removal of water vapour from the vapour phase, may 
lower the temperature of the flash point. Whether the sugar 
increases the vapour pressure of the alcohol or simply lowers that 
of the water can only be decided by the determination of the two 
partial pressures, and their comparison with those of the mixed 
solvent when no sucrose is present. In any case, it is quite clear 
that the various solutes are held in solution by different forces. 

It was thought that some further information might be gained 
by the application of the freezing-point or boiling-point methods 
as used for molecular-weight determinations. The boiling-point 
method is not satisfactory, as it deals with the sum of the two partial 
pressures, and, unlike the flash point, does not differentiate between 
them. In the case of the freezing point, since the water alone 
freezes, it seemed possible that sucrose would still further lower it, 
whilst benzyl alcohol might have the opposite effect. Unfortunately, 
it was found quite impossible to obtain a definite freezing point for 
the water-alcohol mixture, the concentration of the alcohol being 
of necessity large; the separation of a relatively small amount of 
ice during freezing so altered the composition of the mixture by 
an unknown amount that no definite freezing point could be ob- 
tained. Several attempts were made to avoid this source of error, 
but were not successful, and the method had to be abandoned. 
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The analysis of the mixed vapours was carried out by passing a 
stream of air through the solution kept at a constant temperature 
in a thermostat and then leading the saturated air over heated 
copper oxide in a small combustion furnace, and estimating the 
carbon dioxide and water produced. The air was first purified by 
means of soda-lime and pumice moistened with concentrated 
sulphuric acid; it then passed through the heating coil of the 
flash-point apparatus already described (loc. cit.) and then through 
the solution, which was contained partly in the flash-point apparatus 
and partly in a set of absorption bulbs. The flash-point apparatus 
was fitted with a sensitive thermometer, and both it and the bulbs 
were placed in a thermostat at 20°. The saturated air next passed 
over the heated copper oxide and the carbon dioxide and water 
produced were collected in the usual manner. The exit tube of 
the absorption apparatus was connected with an aspirator fitted 
with a manometer. 

In carrying out an estimation, the solution was brought to a 
temperature of 20° and the copper oxide heated. The aspirator 
was then set in action and the water collected in a 2-litre graduated 
flask. The volume of air aspirated was in all cases 2 litres, and 
the time occupied in the operation about three hours, the object of 
this slow rate of flow being to insure the complete saturation of 
the air with the mixed vapour. In cases where the room tem- 
perature fell a few degrees below that of the thermostat there was a 
tendency for the vapour to condense in the glass tube leading from 
the saturation bulbs to the furnace; this was corrected by warming 
the tube by means of a heated tile. When 2 litres of water had 
collected in the flask, the aspirator tap was closed and air forced 
through the purifying towers into the apparatus so as to restore 
atmospheric pressure, this being detected by the manometer. 
From the weight of carbon dioxide produced, the weight of alcohol 
vapour contained in the air was calculated. The corresponding 
weight of water was obtained by subtra_ting the weight of water 
produced by the combustion of the alcohol from the total water 
collected in the absorption apparatus. The barometric pressure 
and the room temperature at the time of the experiment were 
noted. 

The partial pressures were calculated in the following manner. 
The weight of alcohol, calculated from the results of the com- 
bustion, divided by 46 gave the number of gram-molecules of 
alcohol. This value multiplied by 22,425 gave the number of c.c. 
of alcohol vapour in the air at V.7.P. This volume was designated 
Veton. The corresponding value for water vapour, Vu,o, was 
found in the same way. The air volume, V,i, was obtained by 
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reducing the volume aspirated (2 litres) to N.T.P. Then we 
have : 
Partial pressure of EtOH _ Vol. of EtOH _ Vston _ 
Barometric pressure Total vol. Veton + Vino + Voir 
The partial pressure of water was found by a similar calculation, 
and the results obtained are given in Table IT. 


TABLE IT. 


Partial vapour pressures for aqueous alcohol containing 38 per cent, 
of alcohol. 


Wt. of Wt. of V.P.of V.P.of Bar. 

EtOH. H,O. EtOH. 4H,0. press. Temp. 

0-105 0-0358 20-0 17-5 760 ~=17° 
= 0-:0340 20-4 16-9 757 — 21 


0-112 0-0296 21-4 14-5 764 17 
9» 0-0301 21-2 14-7 764 17 
0-0975 0-0294 16-6 14-4 762 17 
0-0292 16-6 13-7 761 15 


0-0335 20-9 16-4 760 3=618 
00330 21-4 16-2 763 18 


Molecular concentration gives the number of gram-molecules of solute per 
100 grams of solvent. All vapour pressures were determined at 20°. 


The values for water as obtained from the combustions are subject 
to error from the incomplete drying of the copper oxide and also 
from any error in the combustion of the alcohol vapour. In 
addition, the weights of water obtained are very small. A further 
series of determinations was carried out in which 4 litres of satur- 
ated air were aspirated over a tube filled with anhydrous copper 
sulphate and calcium oxide packed in alternate layers separated 
by glass wool. The alcohol vapour was not estimated. The 
results, which are in fair agreement with those given by the com- 
bustions, are recorded in Table III. The same aqueous alcohol 
was used in both series of experiments. 


TasBie III. 


Wt. of Bar. 
Solute. . water. press. Temp. 
0-0693 749 16° 
0-0712 756 18 
Benzyl alcohol “13% 0-0596 756 17 
- 0-0590 752 16 
Sucrose , 0-0602 747 16 
0-0554 742 16 


The results show fair agreement between the flash-point and com- 
bustion methods, in that the solutes, sucrose and glycerol, which 


attra 
alcoh 
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wer the flash point, raise the vapour pressure of the alcohol, 
yhilst benzyl alcohol, which raises the flash point, lowers the alcohol 
vapour pressure. The partial pressure found for water in 38 per 
ent. aqueous alcohol is very close to that for pure water. This 
nay possibly be due to errors inherent in the method, but such 
rors should apply equally to all the results, and are not of so 
much importance when considering the results relative to one 
another. 

The effect of the different solutes may be considered in detail. 
The semi-solute, sucrose, lowers the vapour pressure of water and 
rises that of alcohol. The effect on water is quite normal, and that 
m alcohol may be explained by assuming that the sucrose mole- 
cles hydrate themselves and thus render some of the water inert 
and, as it were, leave the solution richer in alcohol. The second 
emi-solute, benzyl alcohol, lowers the vapour pressures of both 
alcohol and water, a somewhat unexpected result, as benzyl alcohol 
is insoluble in pure water. Such behaviour might be designated, 
ithough not explained, by the term “induced action.” The 
amphi-solute, glycerol, which is soluble in both components of the 
wlvent, is also abnormal, in that, instead of lowering both the 
partial pressures, it lowers only that of water, whilst it raises the 
alcoholic vapour pressure. As in the case of sucrose, this may be 
due to the hydration of the solute molecules, owing to the greater 
attraction between water and glycerol than between glycerol and 
alechol. 


n We 


tion, 


ent, 


Summary. 


The term “ semi-solute ” has been used to designate a substance 
which is soluble in only one component of a mixed binary solvent, 
whilst “‘ amphi-solute ” has been used as the corresponding term 
for a substance soluble in both components. 

The effect of the three solutes, sucrose, benzyl alcohol, and 
glycerol, on the partial vapour pressures of 38 per cent. aqueous 
alcohol has been investigated. The semi-solute, sucrose, raises 
the vapour pressure of the alcohol and lowers that of water; the 
semi-solute, benzyl alcohol, lowers the vapour pressure of each 
component of the solvent; whilst the amphi-solute, glycerol, be- 
haves like sucrose in that it raises the vapour pressure of the alcohol 
and lowers that of water. Thus the result obtained in each case 
depends on the solute used and could not be predicted from the 
action of the solute on the separate pure components. It may be 
noted, however, that each of the semi-solutes lowers the vapour 
pressure of that constituent of the solvent in which it is soluble in 
the pure state; for example, sucrose lowers the vapour pressure of 
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the water, and benzyl alcohol lowers the vapour pressure of ethy! 
alcohol, although their effect on the second constituent of the 
solvent differs in the two cases. 


Puysicat CHEMISTRY LABORATORY, 
Giascow UNIVERSITY. (Received, July 11th, 1922.) 


CCLXXI.—The Solubility of the Chlorophenols. 


By Nevit Vincent Sripewick and SypNEY LEONARD TURNER. 


THE isomeric chlorophenols differ in boiling point by more than 
40°, and preliminary measurements (Sidgwick and Aldous, T., 1921, 
119, 1011) showed that large differences occur also in their critical 
solution temperatures in water. It is therefore evident that, like 
the nitrophenols, they behave abnormally, the position of the 
substituents having a great effect on the vapour pressure and on the 
solubility. In the present paper their solubilities are examined 
in detail. 

Preparation of Materials —The ortho-compound was prepared by 
a method which was worked out in this laboratory by Mr. J. Back, 
and will shortly be published, by the chlorination of phenol with 
a solution of chlorine in carbon tetrachloride; it was purified as 
described by Wohlleben (Ber., 1909, 42, 4369). The meta-compound 
was made from m-chloronitrobenzene by reduction and diazo- 
tisation, the latter process being carried out according to the 
directions of Mr. Back, to whom, and to Dr. E. Hope, we are much 
indebted for their kind assistance. The p-chlorophenol was made 
from p-chloroaniline. The benzene used had been freed from 
thiophen and purified by repeatedly freezing out. It melted at 
53°. 

Measurement of Solubility—This was effected by the usual 
synthetic methods, either in glass bulbs (which were sealed for 
the higher temperatures) or, at lower temperatures, in a Beckmann 
apparatus. In many cases it was found convenient to use a 
“ bracketing ” method, with two adjustable thermostats, one above 
and the other below the solubility temperature, and to reduce 
the interval between them by successive steps to a fraction of a 
degree, the contents of the tube being always homogeneous in one 
and heterogeneous in the other. m-Chlorophenol in presence of 
water has a remarkable tendency to supersaturation. It was 
almost impossible without inoculation to cause the solid to crystal- 
lise from a mixture containing more than a few units per cent. of 
water; the solution remained homogeneous on cooling until it 
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Fic. 1. 
Solubility of chlorophenols in water. 
Ortho O Meta + Para x 
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Solubility of chlorophenols in benzenc. 
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reached the point at which ice separated. We were thus able to 
examine the ice curve unusually far into the metastable region, in 
fact up to 92 per cent. of phenol. If the solution was sown with 
a small crystal of the phenol, it solidified, and the corresponding 
point on the stable curve could be got by slow warming. The triple 
points were determined by a separate series of experiments. 
The results are given in the following tables. The letters folloy. 
ing the temperatures denote the phase in equilibrium with the solu. 
tion (i = ice, p = solid chlorophenol, B = solid benzene, L = second 
liquid); metastable points are marked with an asterisk. The 
concentrations are expressed in grams of chlorophenol to 100 grams 
of solution. The values are plotted on Figs. 1 and 2; in Fig. ], 
the region in which solid phenol separates is given as an inset ona 
larger scale (the curves for the para-compound being omitted to 
avoid confusion), in order to illustrate certain points which ar 


discussed later. 
TABLE I. 
Solubilities in Water. 

Ortho. Meta. Para. 
Weight Weight Weight 
percent. Temp. per cent. . percent. Temp. 

1-56 —0-20° ¢ : D ; 2-07 —0-2°% 
2-44 dg } "25 . 3-91 +65-0 
3°76 “ 8: 5 4 10-66 113°8 
5-12 3 5-12 Dd 2é 20-50 125-0 
13-58 ‘le 29-16 
16-95 42-57 
22-59 53-49 
33-00 59-62 
45-04 65-05 
54-95 69-36 
60-72 74-03 
70-62 84-02 
§2-82 85-42 
85-90 86-19 
87-73 88-92 
89-25 92-48 
89-62 94-48 
90-87 95-70 
92-20 90-11 , ; 96-82 
93-93 91-73 , } 97-29 
96-79 92-23 
98-39 
100 
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TABLE II. 


Solubilities in Benzene. 
Ortho. Meta. Para. 


Weight Weight Weight 
Temp. per cent. per cent. Temp. 
0-0. 5-4° 
2-98 
10-25 
15-10 
17-62 
29-14 
35-50 
38-07 
39-67 
45-65 
50-10 
55-24 
60-54 
68-58 
73-13 
80-06 
86-65 
90-63 
95-52 
100 
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26-29 
31-77 
36-82 
38-39 
40-92 
41-66 
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43-62 
44-90 
47-78 
50-68 
51-81 
57-02 
64-65 
70-00 
75°10 
83-68 
89-89 
96-50 
100 
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Triple point : 
61-5 — 19-5° 40-0 —7-0° 37-5 —5-5° 


* Metastable point. 


Nominal Heats of Solution in Benzene.—These were calculated by 

means of the usual formula 
: 8 TT, 
Q =f loge 5 x T, ™_ 7° 

Owing to the low melting points of the compounds, the solubility 
curves of the chlorophenols do not extend very far across the 
diagram, and so their heats of solution can be found only for a 
limited range. On the other hand, the solid benzene curves are 
long enough to make it worth while calculating the heats of solution 
of the benzene. It has already been pointed out (Sidgwick and 
Aldous, T., 1921, 119, 1012) that the shape of the partial-pressure 
curves (and hence of the heat of solution curves) of both components 
of the system may be expected to be influenced in the same way 
by their degree of mutual soiubility in the liquid state; where 
this is large the heat of solution will remain approximately constant, 
and where it is small the heat will show a large increase. The 
values obtained for the chlorophenols in benzene (which are given 


in Table III and plotted on Fig. 3) bear out this view. The changes 
4H2 
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are smaller for the phenol than for the benzene; but in both casg 
the meta- and para-compounds show a distinctly greater increag 


than the ortho. 
Fig. 3. 


Heats of solution of chlorophenols in benzene and of benzene in chlorophenols, 


Full curves . . Chlorophenols. Dotted curves . . Benzene. 
7 


TaBe III. 
Nominal Heats of Solution in Kgr.-Cals. 


Heat of solution 
of chlorophenol. of benzene. 


Mean mols. _ - 
per cent. Ortho. Meta. Para. 


3-66 : 4-00 
3-71 , 4-00 
3-53 , 4-53 
4-24 -76 4-70 
3-80 , 5-33 

—— , 4-80 


Discussion of Results —The influence of position on the properties 
of the isomeric chlorophenols is of considerable interest. The 
phenols in general show the widest range of variation with position. 
The nitrophenols (T., 1915, 107, 1202: 1921, 119, 1001) and the 
hydroxybenzoic acids (T., 1921, 119, 979) exhibit greater differ- 
ences among the isomerides than have been observed elsewhere; 
the hydroxy-aldehydes, according to experiments performed in 
this laboratory but not yet published, appear to be equally 
abnormal. On the other hand, the effect of chlorine in promoting 
abnormality has hitherto been found to be extremely small. The 
chlorobenzoic acids (T., 1921, 119, 998) are only very slightly 
abnormal, and so are the chloroanilines and the chloroacetanilides 
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(ibid., p. 1013). We thus have in the chlorophenols a comparatively 
inefficient substituent in a very sensitive substance. The behaviour 
of the compounds shows that they are distinctly abnormal, both 
in vapour pressure and in solubility. Their boiling points differ 
by no less than 44°. Similar differences are found in the bromo- 
henols and in the chlorocresols, as is shown in the following table, 
in which the chlorocresols are classified according to the relative 
positions of the chlorine and the hydroxy]. 
Boiling points. 
Meta. Para. Max diff. 
Chlorophenol 214° 217° 44° 
Bromophenol 237 238 43 
24: 223 } 


Chlorocresol 
(OH:Cl:CH,) 238 | 


42 


225 
228 | 


The differences in the critical solution temperatures in water are 
considerable and of the usual kind, that of the ortho being by far 
the highest, whilst those of the meta and para come close together ; 
they may be compared with those of the nitrophenols and the 
hydroxytoluic (and hydroxybenzoic) acids, where, however, the 


differences are larger :— 
Ortho. Meta. Para. § Max. diff. 


Chlorophenols 173-0° 130-8° 129-0° 44° 
Nitrophenols ...........0+s0+0: >200 98-7 92-8 >100 
Hydroxytoluiec acids 147 ca. 10 ca 10 130 


(Mean) 

In the heats of solution in benzene, the differences, although they 
are of the usual kind, are much smaller than we should expect. 
For the m- and p-chlorophenols the values rise between 95 and 
55 mols. per cent. only by 1-1 and 1-3 kgr.-cal., whilst for the nitro- 
phenols the increases are 6-8 and 9-0, and for the hydroxybenzoic 
acids 14:2 and 12-5 kgr.-cal. between the same limits. 

It is to be noticed that the abnormality of this group is more 
marked in those properties which are measured at high temperatures 
(boiling points, critical solution temperatures in water) than in those 
measured at low (solubility in benzene). This is an argument 
against the view that these abnormalities are due to association of 
the meta- and para-compounds, since association must diminish 
with rise of temperature. Hewitt and Winmill (T., 1907, 91, 441) 
found from surface tension measurements that the association 
factors of the chlorophenols in the neighbourhood of 100° were 
scarcely greater than unity (ortho 1-0, meta 1-11, para 1-07), and 
far smaller than those of the cresols (ortho 1-06, meta 1-33, para 
1-26), the behaviour of which is normal. 
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The form of the solubility curves in water in the neighbourhood 
of the region where solid phenol separates (Fig. 1, inset) has several 
points of interest. In the first place, the ortho-compound has its 
eutectic point (ice, solid phenol, solution) on the chlorophenol side 
of the two-liquid area. In most if not all of the systems previously 
examined, where water forms two liquid layers with an organic 
substance, the eutectic point lies on the water side. The differ. 
ence in this case is no doubt mainly accidental, and is due to the 
low melting point of the substance; but it is worth pointing out. 
The meta-compound has its eutectic as usual on the water side, at 
about — 0-2° and 0-8 per cent. The stable triple point (two 
liquids and solid phenol) is at + 3-2°. But owing to the strong 
tendency of this phenol to supersaturation it is easy to travel into 
the metastable area along the ice curve until it meets the two-liquid 
area at a metastable triple point (two liquids and ice) at — 04° 
These two triple points appear on the phenol side of the two-liquid 
area at about 83-5 per cent. of phenol, and from the higher, the stable 
curve solution-solid phenol proceeds upwards to the melting point 
of the latter at 32-5°, whilst the metastable curve goes downwards 
from the metastable triple point at — 0-4°. The solubility curve 
of a solid always corresponds in form with its isothermal partial 
pressure curve, which becomes flattened in the neighbourhood of 
the point of separation into two liquids. Thus of the two m. 
chlorophenol curves in this figure the upper (solid phenol) corte. 
sponds with the form of the vapour-pressure curve of the phenol, 
and the lower (metastable, ice) to that of water vapour. It will be 
observed that all the solid curves in this region, whether rising or 
falling, are distorted from the normal form in the same way, 
becoming more horizontal as they approach the two-liquid area. 

The two ice curves, that for o- (stable) and that for m-chloro- 
phenol (unstable) run nearly parallel and quite close to one another. 
This enables us to calculate with unusual exactness the pressure of 
water vapour from equivalent solutions of high concentration of 
the two isomerides. At 87-0 per cent. by weight (48-4 mols. per 
cent. of phenol) the freezing points are : ortho — 0-9°, meta — 2-4". 
At 91-0 per cent. (58-6 mols. per cent.) they are: ortho —83", 
meta — 10-6°. The vapour pressures of water and ice at these 
temperatures are known (Nernst, Abh. Deuisch. phys. Ges., 1910, 
12, 565), and so we can find the relative lowering of the vapour 
pressure of water by these quantities of the two isomerides. The 
percentage diminution of vapour pressure is 


at 48-4 mols. per cent. : ortho 0-86, meta 2-33. 
at 58-6 mols. per cent.: ortho 7-8, meta 9-8. 
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The corresponding effects in benzene can be calculated from the 
benzene curves, although only at a lower concentration. The 
freezing point of benzene is depressed by the presence of 45-0 grams 
per cent. (10-28 mols. per cent.) of the ortho-compound to — 11:5°, 
of the meta to —8-5°, and of the para (by a slight extrapolation) to 
-7-6°. Taking the molecular heat of fusion of benzene to be 2-37 


differ. kgr.-cal., it follows that the vapour pressure of pure liquid benzene 
to the s lowered at this concentration by the ortho compound 24-2 per 
g out, ent., by the meta 18-9, and by the para 20-2. It will be noticed 


ide, at that, as usual, the freezing point (and vapour pressure) of the water 
; (two 8 more depressed by the meta-compound, and that of benzene 
strong DY the ortho. 

2] into} Dyson Perrins Lasorartory, 

liquid OxForD. (Received, September 4th, 1922.] 
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em CCLXXII.—The Solubility of the Aldehydobenzoic 
wards Acids. 


By Nevit VINCENT Sipewick and HERBERT CLAYTON. 


Tak investigation of the physical properties of this group of sub- 
stances is of interest in view of the undoubtedly tautomeric behaviour 
of the ortho-compound. Not only do substitution products of this acid 
give two series of esters, but the relation of the dissociation constant 
of the acid itself to those of analogous acids shows that the free acid is 
largely present in water in an isomeric form (Wegscheider, Sitzungsber. 
Akad. Wiss. Wien, 1905, 104, IIb, 765). We have therefore examined 
the solubility of the three isomerides in water and benzene. Although 
certain peculiarities of these substances prevent a complete investiga- 
tion, the results are worth recording. 

Preparation of Materials —The o-aldehydo-acid was prepared by the 
method of Graebe and Triimpy (Ber., 1898, 31, 369) by the oxidation 
of naphthalene to phthalonic acid,* and the elimination of carbon 
dioxide from the latter by treatment with sodium bisulphite. The 
yield in the second stage was found to be increased if the bisulphite 
compound before acidification was heated for an hour in an oven at 
120°, instead of being evaporated down on a water-bath as recom- 
mended by Graebe and Triimpy. The meta-acid was prepared by 
several methods: by the partial oxidation of m-phthalaldehyde with 
bromine water (Simonis, Ber., 1912, 45, 1584), from mz-toluidine 
* This acid is remarkable for its great solubility in water as compared 


with organic solvents. At 15°, 100 grams of water will dissolve 115 grams 
of the acid: 100 grams of chloroform, only 2 grams, 
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through m-toluonitrile and its benzylidene chloride (Reinglass, Ber, 
1891, 24, 2423), and from m-nitrobenzaldehyde through the cyanide, 
The para-acid was made by the direct oxidation of p-toluic acid with 
manganese dioxide or with chromic acid. None of these methods was 
found to give a satisfactory yield ; and subsequently all three isomerides 
were prepared with remarkable ease by a method suggested by Dr. W. 
Davies, which will be described in detail in another paper. This con. 
sists in the chlorination (up to the benzylidene chloride) of the toluoy| 
chloride, and the complete hydrolysis of the product. 

There is considerable uncertainty in the literature as to the melting 
points of all these acids. The ortho is stated to melt at 97°. This 
was found to be the case when it was recrystallised from water, but 
by solution in benzene and precipitation with light petroleum (pb. p. 
40—60°) the melting point was raised to 100-5° (corr.). The meta. 
acid melts according to Reinglass (loc. cit.) at 164—166°; according 
to Simonis (loc. cit.) at 175°. We found all pure specimens, however 
made, to melt at 175° (corr.). Reinglass states that the para-acid 
begins to melt at 285°, whilst Léw (Annalen, 1885, 231, 366) gives 
the m. p. as 246°, and Simonis as 256°. We found that the high melt- 
ing point was obtained when the acid had been dried in an oven at 
about 110° for an hour, but the low one when it had been dried in a 
desiccator at the ordinary temperature. This suggests that the high 
melting point may be caused by atmospheric oxidation to terephthalic 
acid. The acid was therefore separated by extraction with chloro- 
form, and the melting point determined in tubes from which air had 
been exhausted. Under these conditions the substance, whatever 
its method of preparation, melted at 248—250° (corr.). 

Determination of Solubility—This was carried out in the usual 
manner, by enclosing weighed quantities of the acid and the solvent 
in small tubes, which were then sealed. The stable phase in contact 
with the solution is always the solid; but the ortho-acid, like salicylic 
acid, gives with water a metastable, two-liquid curve, which at its 
nearest point is only 4° below the liquid-solid curve. In benzene, 
the solubilities could not be measured over the whole range, except 
with the ortho-acid, which offered no difficulties. The meta-acid gave 
satisfactory results at higher concentrations (above 40 per cent.), but 
from more dilute solutions a small quantity of a solid separated, which 
did not dissolve even at the melting point of the acid (175°). At the 
higher concentrations, this substance was no doubt also formed, but 
remained in solution. We were not able to determine the nature of 
this product. It was not tsophthalic acid (formed by the oxidation 
of the aldehyde by the air in the tube), since (1) it was formed to the 
same extent when the tubes were filled with carbon dioxide, and 
(2) it was not produced in the experiments with water, although iso- 
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phthalic acid is almost insoluble in water. It was not an impurity in 


: Ber, the original acid, because it was formed, on heating with benzene above 
a 100°, from a sample of the acid which had been dissolved out of a large 
™ quantity by benzene at a lower temperature. It must therefore be 
od - produced by some reaction of the acid, possibly of the nature of a 
ir W. benzoin condensation. A quantity of the pure acid was heated with 
™* Benzene at 140° for five hours in an atmosphere of carbon dioxide. 
; ©on- Brom the product the unchanged acid (which is by far the larger part) 
noe was removed by extraction with benzene in a Soxhlet apparatus. The 
alti insoluble remainder did not melt at 280°, but it could not be obtained 
78 Bin a state pure enough for analysis. 
ee With the para-acid in benzene, where the solubilities, owing to the 
(b high melting point, are very small, successive determinations with the 
. es same tube gave increasing values of the solution temperature, owing, 


nd doubt, to the occurrence of a similar reaction; the values given in 
the table are those of the first determination in each case, but not much 
reliance can be placed on them. 


= The results are given in Tables I and II, and are plotted in Fig. 1 
st (S-L solid—liquid equilibrium: L,-L, two liquids, the concen- 


trations in both cases being expressed in weights per cen t. 


ina Taste I. 
high Solubility in Water. 
halic Ortho. Meta. Para. 
loro- : : Poa ame, a ereredinar wie. 
had Weight Temp. Temp. Weight Temp. Weight Temp. 
a percent. S-—L. L,-L,. percent. S-L. percent. S-L. 
ever 100 100-5° - = 100 175-0° 100 250-0° 
91-66 75-0 -- 86-76 140-0 79-40 191-5 
87-20 64-5 — 81-88 132-9 49-60 181-5 
sual 81-50 58-1 — 70-72 = 121-5 32-46 = 158-9 
vent 59-48 53-2 39-2° 58-87 116-6 19-08 150-9 
tact 40-83 51-8 44-0 49-45 114-6 10-24 142-3 
29-20 49-9 45-75 40-28 113-5 
vlic 20-00 48-92 43-3 29-97 1123 
ie 9-38 46-1 21-1 19-87 110-7 
11-22 107-5 


4-94 99-7 


TABLE IT. 


ave 
but Solubility in Benzene. 
‘ich Ortho. Meta. Para. 
the Weight Weight Weight 
vat percent. Temp. percent. Temp. per cent. . Temp. 
100 100-5° 100 175-0° 100 250-0° 
of 81-84 84-0 73-36 154-5 2-40 196-0 
ion 64-09 77:8 56-98 149-9 1-41 131-9 
h 49-50 75:7 43-84 149-7 0-96 110-0 
me 35-88 73-9 
21-87 72-3 


10-16 66-7 
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Discussion of Resulis—The solubility curves show that this groy 
of isomerides is undoubtedly abnormal, and also that it has peculiar, 
ties of its own. The behaviour with water is in many ways unus 


Fia. 1. 


Solubility of aldehydobenzoic acids in 
water and benzene. 
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Ortho —O— 
Meta —+— Full curves Water. 
Para —x— Dotted curves -—-— Benzene. 


We find, as we do with the hydroxybenzoic and the hydroxytoluic 
acids (T., 1921, 119, 979), that the ortho-acid alone is capable of form- 
ing two liquid layers, although only (as with salieylic acid) in the 
metastable region. Flaschner and Rankin (Sitzwngsber. Akad. Wiss. 
Wien, 1909, 118, IIb, 695) found in such cases an empirical relation 
between the slope of the curve (dc/dt, the increase in weight per cent. 
at the flattest part of the curve for 1° rise in temperature) and the 
smallest distance in degrees between the two curves, the product of 
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is S Sto these two factors being approximately constant. In twelve examples 
| of substituted benzoic acids which they quote, this product Z only 
varies between 189 and 520, the mean value being 330. o-Aldehydo- 
benzoic acid gives the abnormally low value for H of 76. This may 
be connected with the tautomeric behaviour of the acid, but the un- 
certainty makes it impossible to use this quantity to calculate the 
gitical solution temperatures of the other two acids. The curve for 
the meta-acid is very nearly as flat as that for the ortho, and an attempt 
was made to supercool the solution to the point of separation into two 
liquid layers; but this point could not be reached. The values of 
ic/dt, the slope of the curve at its flattest, are: ortho 19, meta 15, 
3-4. From the behaviour of other acids of the abnormal type we 
should expect the meta- and para-curves to have a similar and con- 
siderable slope (a small value of dc/dt), and the ortho to be much 
fatter; if the acids were normal, all three curves should have about 
the same inclination. 
The heats of solution in benzene were calculated from the solubility 
curves, as far as these go, and gave the following results (Table ITI). 


TABLE III, 


Nominal Heats of Solution in Benzene. 

i .-cal, Heat in .-cal, 
Mean mols, 5 -~ en 7 Mean mols. = Pas -m 
percent. Ortho. Meta. per cent. Ortho. Meta. 
95 3°97 7-05 45 32-0 39-7 
85 5-83 7-68 35 57-9 128-1 

75 8-34 8-68 25 74-9 —- 

65 12-5 16-1 17-5 62-4 — 

55 17-3 22-6 12-5 32-0 -- 


As we should expect, the increase in the heat of solution is greater 
for the para-acid; but the difference is unusually small, and the 
increase for the ortho-acid is much larger than has been observed for 
any other ortho-substituted benzoic acid in benzene. 


Dyson PerrRins LABORATORY, 
OxFoRD. [Received, September 4th, 1922.] 


CCLXXIII.—The Interaction of Aldehydes or Ketones 
and Thiocarbamides in the Presence of Acids. 
Part II. 


By JoHN Taylor. 


Ix a previous communication (Dixon and Taylor, T., 1916, 109, 
1244), it was shown that thiocarbamides combine, in presence of 


acids, with formaldehyde and with acetaldehyde to form ‘ salts.’ 
4u*2 
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The mechanism of the reaction appears to be a combination of the 
aldehyde with the acid followed by union of this compound with 
the thiocarbamide, a ‘salt’ of an S-substituted thiocarbamide 
being formed. This salt loses acid on treatment with water, and 
the resulting base undergoes transformation to an N-substituted, 
non-basic derivative. Condensation follows, either simple internal 
condensation or a rather complex condensation between two or 
more molecules. The transformation of S-derivative to N-deriy. 
ative is similar to that of compounds of acyl chlorides with thio. 
carbamides (Dixon and Hawthorne, T., 1907, 91, 122). 

The present communication deals with the combination of 
aromatic aldehydes and of acetone and of acetophenone with thio. 
carbamide in presence of acids. Owing to the non-volatility of the 
combining materials and to the uncertainty of complete inter. 
action, it was not found practicable, in the majority of cases, to 
isolate the salts as hydrochlorides, but they were obtained as 
picrates. 

When thiocarbamide hydrochloride remains in contact with the 
aldehyde or the ketone, combination occurs slowly, in some cases 
weeks being necessary for even partial combination. In general, 
the products are soluble in water and the addition of picric acid to 
the solution precipitates the compound as picrate. The reaction 
follows the course outlined below. Acid leaves the thiocarbamide 
hydrochloride and combines with the carbonyl group of the 
aldehyde or ketone (see Taylor, T., 1917, 111, 655); this new com- 
pound then unites with thiocarbamide in the same way as the 
alkyl — do : 


Seo 3. SocQit Hier Mises cGoH my 


C-OH 
NH C. S<Picr. ; 

Interaction between thiocarbamide and aldehyde or ketone may 
also be brought about by adding to the mixture of the components 
hydrogen chloride gas, sulphuric acid, or phosphoryl chloride. As 
before, the compounds may be isolated readily as picrates. 

When the combined acid was withdrawn from the compounds 
with the aldehydes, non-basic condensation products were formed, 
somewhat similar to those produced with acetaldehyde; the 
aldehyde residue, being acidic in character, migrates from sulphur 
to nitrogen : 


NH,\,;-c-CHR-OH _ NH 
NH>CS<y —> \Ee>c-s-CHR-OH —> 


on-cHE NEO: 
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When acid was withdrawn from the compound with acetone, an 
easily decomposable basic product was left, from which a picrate, 
similar to that obtained from the original material, may be 
obtained. The formation of mercaptoid decomposition products 
shows that the acetone residue remains attached to sulphur. The 
ketone residue, being less acidic than the aldehyde residue, behaves 


like an alkyl group : 
NHN ng CR,OH ™S NH pcp. 
NH CS<X ge’ EI “yAACS-CR, OH. 


acids 


ExPERIMENTAL. 


Thiocarbamide and Benzaldehyde.—The solid obtained by keeping 
a mixture of equal weights of thiocarbamide hydrochloride and 
freshly distilled benzaldehyde was extracted, after two days, with 
water, in which it was only partly soluble. Picric acid gave with 
the filtrate a viscous picrate which, after crystallisation from 
alcohol, melted at 144—-146°. This was an impure product, the 
percentage of sulphur being about 5-4 (thiocarbamide—benzaldehyde 
picrate, C,,H,,0,N,S, requires S = 7-78 per cent.). 

The portion of the product sparingly soluble in cold water appears 
to be formed by condensation of benzaldehyde with thiocarbamide. 
After recrystallisation from hot water or from alcohol, it decom- 
posed at 176—177° (Found: S = 19-7. The condensation product, 
(,H,N,S, requiresS=19-5 per cent.). The condensed material showed 
no sign of recombining with acid, hence it was no longer an S-sub- 
stituted derivative. Its comparatively low melting point suggests 
that the molecule is simple. A similar result ensued when a mixture 
of benzaldehyde and thiocarbamide was attacked by phosphoryl 
chloride, a pure picrate not being obtained. Sulphuric acid is a 
slow combining reagent. When a mixture of the components, 
which had been kept for four days, was extracted with ether, the 
residue proved to be thiocarbamide sulphate. 

Thiocarbamide and Salicylaldehyde.—Thiocarbamide hydrochloride 
and salicylaldehyde combine exceedingly slowly and imperfectly, 
but after four months the mixture almost entirely dissolved in 
water. The solution yielded a picrate easily soluble in alcohol 
but insoluble in water. Phosphoryl chloride effected a consider- 
able amount of combination in two days. When the mixture was 
treated with water, part dissolved leaving a residue of flocculent 
solid and pasty material, and from the solution a picrate was 
obtained, which, after crystallisation from alcohol, decomposed 
at 166—168° (Found: S = 7-6. Thiocarbamide-salicylaldehyde 


picrate, C,,H,,0,N,S, requires S = 7-5 per cent.), 
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The pasty material, on continued treatment with water, gradually 
hardened to form the flocculent solid already mentioned. This is 
apparently a complex condensation product [Found: S = 108, 
A simple condensation of thiocarbamide (1 mol.) with salicylaldehyde 
(1 mol.), C,H,ON,S, requires S = 17-8, whilst a condensation of thio. 
carbamide (1 mol.) with salicylaldehyde (2 mols.), C,;H,,0,N,S, 
requires S = 10-6 per cent.]. Its reluctance to fusion—it does not 
melt when heated to 205°—is compatible with the more complex 
structure. 

An analogous compound was obtained from thiocarbamide and 
acetaldehyde (Dixon and Taylor, loc. cit., p. 1251). 

Thiocarbamide and Cinnamaldehyde—On mixing equivalent 
quantities of thiocarbamide hydrochloride and cinnamaldehyde, 
heat was developed, and after three or four days an impure, viscous, 
brown additive product obtained. Addition of an alcoholic solu- 
tion of picric acid to the substance, dissolved in alcohol, gave a 
crystalline picrate, which, after recrystallisation from hot alcohol, 
melted at 184° (Found : S = 7-48. Thiocarbamide-cinnamaldehyde 
picrate, C,,H,,0,N,S, requires S = 7-32 per cent.). 

Thiocarbamide—cinnamaldehyde sulphate was obtained more 
readily. To a mixture of thiocarbamide and a slight excess of 
cinnamaldehyde was added concentrated sulphuric acid (1 equiv.) 
with continual stirring, when the whole mass became solid. On 
boiling with alcohol, the sulphate, which was sparingly soluble, 
was left as a white, apparently amorphous powder. It is sparingly 
soluble in cold water, the solution being neutral and affording the 
usual reactions of sulphates. Boiling water decomposes the com- 
pound to some extent, liberating cinnamaldehyde. Addition of 
picric acid to either aqueous or alcoholic solutions gave the 
same picrate as before. The sulphate decomposed at 171—173° 
[Found: S = 18-6. Thiocarbamide—cinnamaldehyde sulphate, 
(C,)5H,,ON,S),,H,SO,, requires S = 18-6 per cent.]. 

When the sulphate is triturated with ammonia, a cream-coloured 
base is formed which, after being washed with water, decomposed 
at 122° (Found: S=15-1. Thiocarbamide—cinnamaldehyde, 
Ci9H,,ON,S, requires S = 15:3 per cent.). The base dissolved 
readily in alcohol, and its solution gave the same picrate (mixed 
melting-point method) as that obtained from the sulphate. The 
formation of the simple basic additive compound instead of the 
non-basic condensation product was unexpected. After keeping 
for a week, no marked change was perceptible. A slowly trans- 
formable, basic aldehyde additive compound of thiocarbamide has 
previously been prepared from thiocarbamide hydrochloride and 
an alcoholic solution of acetaldehyde (Dixon and Taylor, loc. cit., 
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p. 1252). This lost its basic properties within a week. The new 

compound appears to be quite stable. Its basic properties show 

that it remains an S-derivative of thiocarbamide, 
NH,°C(:NH)-S-CH(OH)-CH:CH-C,H;. 

Thiocarbamide and Acetone.—Thiocarbamide hydrochloride and 
acetone combine very slowly. If dry acetone be used, scarcely any 
sign of combination, as shown by the formation of a picrate, will 
be evident after ten days, but with moist acetone three days are 
sufficient for interaction to be detected. When hydrogen chloride 
js passed into a solution of thiocarbamide in acetone, a copious 
precipitate of thiocarbamide hydrochloride is obtained. The 
mother-liquors, after keeping for three or four days, yield a good 
ctop of thiocarbamide-acetone picrate. Thiocarbamide hydro- 
chloride, kept in contact with acetone for three months, slowly 
changes. At first it dissolves, then, as the acetone slowly evaporates, 
hexagonal plates separate from solution. These melt at 191—192°, 
with previous softening, and are readily soluble in water, giving a 
neutral solution from which is obtainable the same picrate as 
before. 

Phosphory] chloride or phosphorus trichloride much more quickly 
brings about combination between thiocarbamide and acetone. 
The addition of phosphoryl chloride to mixtures which had given 
no picrate after three days caused the formation of picrate after 
four or five hours. This picrate was free from phosphorus and was 
identical with the picrates obtained from the other sources. After 
three or four recrystallisations from alcohol, it decomposed at 
193—194° (Found: S = 8:37; N = 19-31. Thiocarbamide—acetone 
picrate, C,9H,,0,N,S, requires S = 8-81; N = 19-28 per cent.). 
Distilled with aqueous sodium hydroxide, the picrate yielded a 
distillate having the odour of acetone and responding to Reynolds’s 
test (Z. anal. Chem., 1885, 24, 147) and to Egeling’s nitroprusside 
test for acetone (Chem. Zentr., 1894, ii, 457). 

An interesting isomeride of this picrate was obtained from a 
mixture of thiocarbamide hydrochloride with little more than its 
equivalent of acetone which had been kept in a sealed vessel for 
about two years. This picrate was scarcely soluble in alcohol 
and melted at 149—151° (Found : S = 8-61; N = 18-90 per cent.). 
The two picrates thus differ sharply. 

An attempt to obtain the free base was only partly successful. 
Thiocarbamide, acetone, and phosphoryl chloride were kept 
together for three days, water was then added, and sodium car- 
bonate until the liquid was alkaline. A slight oily precipitate 
was filtered off, the clear liquid allowed to evaporate to dryness, 
the residue extracted with chloroform, and the solvent evaporated, 
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when a clear, gummy residue was obtained. This, being very unstable 
was not analysed. That it was an S-derivative of thiocarbamide 
was shown by its yielding substances with mercaptoid odours and 
_ by its solution in dilute hydrochloric acid giving the same picrate 
as that already obtained from other preparations. Thus the acetone 
residue does not migrate to the nitrogen atom when the acid is 
removed. 

Phenylthiocarbamide and Acetone.—A solution of phenylthio. 
carbamide in acetone was saturated with hydrogen chloride, and 
after twelve hours water was added until oil appeared. This was 
filtered off and portions of the filtrate were treated with aqueous 
and with alcoholic solutions of picric acid. The picrates thus 
obtained were apparently identical and sparingly soluble in alcohol. 
After thorough extraction with alcohol, the picrate melted at 
190—191° (Found: S = 6-71; N = 14-72. Phenylthiocarbamide- 
acetone picrate, C,gH,,0,N,S, requires S = 7:29; N = 15-9 per 
cent.). 

Thiocarbamide and Acetophenone.—To an excess of acetophenone, 
thiocarbamide was added, phosphoryl chloride was run into the 
mixture until reaction was no longer apparent, and the mixture 
was heated for about ten minutes on a water-bath. The resulting 
mixture of paste and liquid was filtered, the paste dissolved in 
just sufficient alcohol, and ether added. The precipitated salt 
was washed with ether and dissolved in alcohol, and from the 
solution the picrate was precipitated by the addition of alcoholic 
picric acid, followed by water. An emulsion was first formed 
which presently solidified. After crystallisation from alcohol, the 
picrate melted at 168—174°, the temperature of fusion depending 
on the rate of heating (Found: S = 7-64. Thiocarbamide—aceto- 
phenone picrate, C,;H,,O,N,S, requires S = 7-52 per cent.). 

THE CHEMISTRY DEPARTMENT, 

UNIVERSITY COLLEGE, Cork. [Received, August 1st, 1922.] 


CCLX XIV.—Intermetallic Actions. The System 
Aluminium-—Arsenic. 


By Qastmm Atri MansvRI. 


THE action of arsenic on aluminium appears to be mentioned only 
in Compt. rend., 1900, 130, 1391, where it is stated that arsenic 
combines with aluminium at high temperatures, but nothing is 
recorded about the exact nature of the compounds. To throw 
further light on this problem, it was therefore considered necessary 
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to make a complete investigation of this system. Aluminium of 
99°6 per cent. purity, as determined by the hydrogen method, and 
resublimed arsenic were used. 


ExPERIMENTAL. 


Preliminary Work.—The chief experimental difficulty met with 
was due to the volatile nature of arsenic. Attempts were therefore 
made to prepare the alloys in sealed glass tubes, under a seal of 
molten potassium sulphate (in which the crucible containing a 
mixture of aluminium and arsenic was dipped, and. the sulphate 
was allowed to freeze on top of it to form a seal), and by blowing 
or passing arsenic vapour through or over molten aluminium heated 
at a high temperature. 

It was noticed that no action takes place between arsenic and 
aluminium up to about 600°. Even at about 750° the metals do 
not react with each other if the pressure of arsenic vapour is too 
high (about one atmosphere). At low pressure and high tem- 
perature, probably yellow arsenic is formed, and it is this which 
reacts with aluminium. At about 800° and at low pressure, this 
action is more marked, the yellow arsenic forming a brown com- 
pound, Al,As,, with aluminium which does not melt at that 
temperature nor dissolve in molten aluminium. At atmospheric 
pressure, this action takes place at about 900°, with the same 
result. 

The view that it is yellow arsenic which reacts chemically with 
aluminium, and not the black variety, is supported by the fact that 
whilst, in the favourable circumstances mentioned above, no black 
arsenic was left, there was always a little yellow coating in 
the upper part of the tubes. Again, the product of the dissociation 
of the compound is yellow arsenic. The inner surfaces of the 
stoppered bottles in which the alloys were stored were always 
found covered with a deposit of yellow arsenic, which turned to 
the brown variety after exposure to light for some time. The 
brown compound is stable at high temperatures, for when freshly 
formed it does not give off arsenic vapour even at 1000°, but when 
it is cooled and kept for some time and heated again, it begins to 
evolve arsenic vapour at about 500°. Also, when freshly prepared, 
the compound dissolves almost completely in dilute hydrochloric 
acid, but after keeping for some time at room temperature, it 
becomes darker, and on treatment with dilute hydrochloric acid 
there is always a black residue of almost pure arsenic. These facts 
show that the compound is stable at high temperatures, but breaks 
up at low temperatures. 

_ Systematic Investigation of the System.—After the preliminary 
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observations, mentioned above, for the determination of the 
liquidus at the aluminium end of the equilibrium diagram, it was 
necessary to heat the brown compound isolated, with aluminium 
at a very high temperature out of contact with air, as at low tem. 
peratures the solid compound separated out from molten aluminium 
almost completely. It is possible that at very high temperatures 
the compound may melt and may then be miscible with molten 
aluminium, but this suggestion could not be tested owing to lack 
of suitable heating apparatus. However, to throw some light on 
this point, work was started in sealed hard-glass tubes. 

Thermal Analysis.—As hard-glass tubes become porous to arsenic 
vapour at about 650°, a platinum couple could not be used. After 
testing several base-metal couples, the author found a couple 
made of two chrome-nickel wires of different compositions most 
suitable for working with arsenic alloys, as it was not easily con- 
taminated with arsenic and could be used satisfactorily up to about 
1100°. The two wires (No. 25 B.S.G.), containing different per- 
centages of chromium, formed a couple about twice as sensitive as 
a platinum-rhodium couple. Two chrome-nickels differing even 
more in composition should form a still more sensitive couple. 

Close contact of the hot junction of the couple with the outside 
of the glass tubes in which the alloys were prepared, was made by 
means of purimachos cement. Used in this way, the couple was 
quite sensitive, and all thermal changes in the alloys could be 
easily detected. 

As the alloys were heated by means of a gas tube-furnace, the 
heating could not be made very regular and therefore the heating 
curves of the alloys could not be obtained. 

The cooling curves were obtained by means of a water-drop 
curve tracer. In this arrangement, a suspended mirror-galvano- 
meter throws a spot of light on a glass screen, which is moved 
vertically by means of a simple water-dropping arrangement, 
The spot of light moves horizontally as the temperature changes, 
and thus a curve is traced, by means of a soft pencil, on a paper 
mounted on the glass screen. A millivoltmeter was arranged in 
series with the galvanometer, so that when a break occurred on a 
curve on the tracer, a reading corresponding with it could be taken 
on the millivoltmeter. The couple was calibrated by means of tin, 
lead, zinc, aluminium, commercial antimony, m. p. 622°, levol, 
and copper. 

Cooling curves of the alloys were traced from about 750°. Alloys 
containing up to 5 per cent. of arsenic melted satisfactorily, but 
when 7 per cent. of arsenic had been added, the pieces of aluminium 
did not fuse together, but remained separate, and were coated with 
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the brown compound; nevertheless, a thermal arrest occurred at 
the freezing point of aluminium. It seems that in these alloys 
the brown compound forms a strong and hard envelope round the 
aluminium which holds molten aluminium within it and does not 
allow it to run together even although the tubes are well shaken. 
In alloys containing up to 10 per cent. of arsenic no thermal 
arrest could be detected at the higher temperatures. The only 
thermal arrest observed was at the freezing point of aluminium 


ON Bund therefore the determination of the liquidus had to be 
> postponed. 
“ees In order to find the composition of the compound thermally, 
ter 12 grams of aluminium turnings and 1°5 grams of arsenic were 
ple heated at 750° in a sealed, evacuated (about 15 mm. pressure) 
" hard-glass tube. (It was noticed in preliminary work that in a 
MF glass tube about 6 inches in length and half an inch in diameter 
- about 2 grams only of arsenic could be converted at one time to 
- yellow arsenic, under the experimental conditions, and made to 
-_ combine with aluminium.) The aluminium turnings, thus coated 
- with the compound, were again mixed with 1-5 grams of arsenic 

and again heated in another glass tube to the same temperature. 
le In this way, the compound could be gradually prepared. Each 
y time a cooling curve was also taken. The only thermal arrest 
. observed in all these cases was at the freezing point of aluminium, 
° and this became smaller and smaller, in accordance with and 

proportional to the eutectic times law, until, with the alloy con- 
: taining about 64 per cent. of arsenic, it could no longer be detected. 
3 An attempt was next made to prepare alloys containing higher 


percentages of arsenic in the same way by the gradual addition 
of arsenic to the compound, but without success; arsenic separated 
in the upper part of the glass tube, and the brown compound 
remained in the lower part. This result showed that the com- 
pound did not alloy even with arsenic and that no other compound 
of a higher composition was formed. Had the brown compound 
alloyed with arsenic and formed a eutectic, a thermal arrest should 
have been observed at some temperature up to 750°. 

When aluminium turnings were heated at about 900° with 
arsenic vapour in an atmosphere of nitrogen, an alloy containing 
at most about 69 per cent. of arsenic was formed. This alloy also 
did not melt and appeared similar to the brown compound prepared 
by the other methods. 

Chemical Analysis.—The arsenic in alloys rich in shbatiintents was 
estimated iodometrically by Hefti’s method (“ Analytical Chemis- 
try,” Treadwell and Hall, 1905, II, p. 214). 

The solution of aluminium chloride having been filtered to remove 
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the small residue of silica, the aluminium in the filtrate was estimated 


gravimetrically as Al,O3. 1. A 
In the alloys rich in arsenic, it seems that the compound breaks ff 4/s4%2 
up on keeping at low temperatures, and the black arsenic formed § ™™ 
is not attacked by dilute hydrochloric acid. The arsenic in these §® fort 
alloys was therefore first converted to arsenic acid and then estimated 2. 1 
by Williamson’s method. begins 
For the estimation of aluminium, 100 c.c. of the solution remaining break 
after the estimation of arsenic were filtered, so boiled with con. § > 
centrated hydrochloric acid and potassium bromide as to ensure looks 
removal of arsenic, and the aluminium was then estimated gravi- fusior 
metrically as above. 4. 
These methods gave good results, as is shown by the duplicates when 
recorded below : store 


(a) Filings obtained from the outer surface of the alloy con. 


taining 5 per cent. of arsenic: Found, Al = 91°74; As = 7°85; 0. 
SiO, = 0°27 per cent. arsed 
(6) Filings obtained from the same alloy after filing off about 6. 
1 mm. of the outer surface: Found, Al = 99°29; As = 031; alun 
SiO, = 0°22 per cent. comm 
(c) Alloy containing 7°5 per cent. of arsenic, after filing off the forn 
outer surface: Found, Al = 98°95; As = 0°58; SiO, = 0°19 per prol 
cent. by 
(d) Alloy heated with the compound in the oxy-hydrogen flame; abn 
after filing off the outer surface: Found, Al = 98-01; As = 1:11; tem 
SiO, = 0°29 per cent. the 
(e) The compound Al,As, as prepared in glass tubes, after a 
powdering and passing through a 120-mesh sieve: Found, Al= § ™“* 
34°81, 34:93; As = 64°57, 64:39; SiO, = 1-2, 0-9 (theoretically, §} 
As = 64°88 per cent.). 12¢ 
(f) The same alloy, without powdering: Found, Al = 35-00; [vi 
As = 63°64; SiO, = 1-03 per cent. Ch 
(g) The compound Al,As, as prepared by submitting aluminium (ib 
filings to the action of arsenic vapour in an atmosphere of nitrogen - 
at about 900°: Found, Al = 31:21, 30°74; As = 69°00, 69°17; 
SiO, = 0°23, 0°21 per cent. mn 


Micrographic Analysis——As the compound Al,As, did not melt 
at the temperature of the experiments, it was simply mixed with 
aluminium in all the alloys and was in an amorphous, powdery 
condition. Such heterogeneous alloys were very difficult to polish 
and even on polishing they did not show any uniform and regular 
structure except where the compound had been acted upon by 
moisture and decomposed, making a few blow-holes. No successful 
photomicrographs of the alloys could therefore be taken, 


* 
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Conclusions. 


1. Aluminium and arsenic combine to form the compound 
Al,As,—as shown by thermal and chemical analysis. The action 
commences at about 750° and a low pressure, where yellow arsenic 
is formed and acts upon the aluminium. 

2. The compound Al,As, is stable at high temperatures, but 
begins to break up at lower temperatures. When the compound 
breaks up, yellow arsenic is first formed. 

3. The compound Al,As, is a brown, amorphous powder which 
looks like iron rust and does not melt up to the temperature of 
fusion of silica (about 1600°). 

4. It is very reactive and evolves arsenic trihydride freely 
when exposed to moisture. For this reason, the alloys were always 
stored in stoppered bottles, and all polishing, etc., was done in 
fume chambers. 


on- 

85; 5. When heated in air, the compound oxidises to alumina and 
arsenious oxide. 

out 6. The solid compound does not seem to dissolve in molten 


aluminium to any appreciable extent, but separates from it almost 
completely at its freezing point, nor does it alloy with arsenic to 
form a eutectic. The equilibrium diagram of the system is 
probably like that of the system aluminium—antimony investigated 
by Tammann (Z. anorg. Chem., 1906, 48, 53). It attains an 
abnormal or a flat (showing immiscibility) maximum at very high 
temperature and has for its solidus the horizontals corresponding to 
the melting points of aluminium and arsenic, respectively. 

7. It is interesting to note that most of the compounds of arsenic » 
with other metals are also of the type M,As,, as, for example, 
(d,As, (Z. Metall., 1913, 4, 228), Hg,As, (Arch. Pharm., 1899, 237, 
126), Sn,As, (Gazzetta, 1912, 42, I, 274; Atti R. Accad. Lincei, 1911, 
[vi], 20, 593), Fe,As, (Metallurgie, 1907, 4, 131), ZngAs, (Z. anorg. 
Chem., 1921, 118, 264), Mn,As, (Metallurgie, 1911, 8, 727), CosAs, 
(ibid., 1908, 5, 150), Ni,As, (ibid., 1907, 4, 207), and Mg,As, (com- 
pound obtained by Parkinson in 1867). 


The author is very much indebted to Mr. C. T. Heycock for his 
valuable advice and sympathetic guidance throughout the work. 


GotpsmitHs’ RESEARCH LABORATORY, 
THE UNIVERSITY, CAMBRIDGE. [Received, June 3rd, 1922.] 
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CCLXXV.—The Reversibility of the Reaction between 
Nitrogen, Carbon, and Sodium Carbonate. 


By CHRISTOPHER KELK INGOLD and DaNrIzL WILson. 


At temperatures above 850° (the m. p. of sodium carbonate), the 
system N, + 4C + Na,CO, = 3CO + 2NaCN has three phases, 
—a gaseous phase consisting principally of nitrogen and carbon 
monoxide; a liquid phase, chiefly composed of sodium carbonate 
and sodium cyanide; and solid carbon. It follows that, for a 
given temperature and pressure, the composition of the gaseous 
phase will determine that of the liquid phase, and vice versa, 
Further, since the heat of the reaction is — 238,000 cals., the 
relationship hetween the compositions of the liquid and gaseous 
phases must change rapidly with changing temperature; and, 
since the reaction is accompanied by a large change in volume, 
pressure must also have a marked effect. 

The law of mass action, when applied to the gaseous phase of 
the reaction under consideration, gives, for a constant temperature, 
the relation 

[NaCN [COP 
[Na,CO;][C*[N,? 
This admits of reduction to a form in which the variables are capable 
of direct measurement if certain suppositions be made, of which 
the following are the most important : 

(i) That the gas laws can be applied to the vapours of carbon, 

sodium carbonate, and sodium cyanide at the temperatures 
* employed. 

(ii) That the (partial) vapour pressures of sodium carbonate and 
sodium cyanide in the space above the mixed liquids are linear 
functions of the molecular concentrations of each in the liquid 
phase. 

(iii) That the vapour pressures of carbon, sodium carbonate, 
and sodium cyanide are negligible in comparison with the total 
pressure. 

The truth of the third supposition has been verified by direct 
experiment. Sodium cyanide is by far the most volatile of the 
three substances, but its vapour pressure at the temperatures 
employed is sufficiently small to guarantee the truth both of the 
first and third assumptions to an approximation of about 1 per 
cent. The second assumption is an application of a general rule, 
which usually holds fairly accurately for mixtures of non-associated 
liquids, and has been verified as regards sodium cyanide in mixtures 
of sodium cyanide and sodium carbonate by a direct determination 
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of. the total pressure curve. This is a straight line passing through 
the sodium carbonate origin. 
Equation (i) becomes 
— 9) 
ee ae is alesse eoh Uitet 

where x is the proportion of the combined sodium which is present 
in the liquid phase as sodium cyanide (that is, the yield of sodium 
cyanide reckoned as a fraction of the theoretical), and p is the 
partial pressure of nitrogen calculated as a fraction of the total 
pressure of nitrogen and carbon monoxide, which is supposed for 
the present to be always the same, namely, one atmosphere. X’ 
is a derived constant : 


_ K'=K. pxaco, - Po/PXacw, 
where pya,co, pc, and pracy are the saturated vapour pressures of 


pure sodium carbonate, pure carbon, and pure sodium cyanide at 
the temperature to which equations (i) and (ii) apply. Hence 
log, K’ = log, K + log, pya,co, + 4 log, po — 2 log, pyaon. 

For different temperatures within an interval which is not too 
great in comparison with the absolute temperature, the heat of 
the reaction, and the latent heats of vaporisation of sodium carbon- 
ate, carbon, and sodium cyanide may be treated as constants, so 
that each of the four terms on the right-hand side of the last equation 
should vary linearly with the reciprocal of the absolute temperature. 
This follows from the integration of the reaction isochore and the 
vapour pressure equation of Clausius and Clapeyron. Hence, by 
addition of the terms, 


log, K’ = a+ b/T, 


and, combining with equation (ii), 
2 — py GR 
los { 7 , C—# } =atm- + + + iii 

where « and £ are constants, which have to be determined by 
experiment. Equation (iii) should therefore represent the experi- 
mental results to a degree of approximation of the order of 1 per 
cent. in x or p, which is equivalent to about 2° in 7. This is 
approximately the degree of accuracy of the measurements them- 
selves (vide experimental part). The form of the function repre- 
sented by equation (iii) is shown by the curves in the diagram, on 
which x is plotted against p for the three temperatures 850°, 900°, 
and 950°. 

The equilibrium in question has been examined by Ferguson and 
Manning (J. Ind. Eng. Chem., 1919, 11, 946), whose results, expressed 
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in isothermals connecting the compositions of the gaseous and 
liquid phases, are in marked conflict with the requirements of the 
theoretical formula (equation iii), a fact which seems to have escaped 
the notice of the authors. Nevertheless, the disagreement. is 
immediately evident’ from the form of tlieir curves, which differ 
markedly from those in the accompanying diagram. Equation 
(iii), however, correctly represents the results recorded in this 
paper, and there can be little doubt that the principal error affecting 
Ferguson and Manning’s determinations arises from the volatility 
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of sodium cyanide, a considerable proportion of which must have 
escaped from the reaction mixture under the conditions they 
employed. 

The values of the fundamental constants are found to be « = 
23-91, @ = — 31180. From these numbers, the following table of 
values of 100x has been calculated for temperatures within the 
experimental range. Excepting in the immediate neighbourhood 
of the limits of the system, intermediate values may be obtained 
by linear interpolation, although the last figure will not invariably 
have its full significance. In interpreting the table it is to be 
remembered that p is the partial pressure of nitrogen when the 
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embined pressures of nitrogen and carbon monoxide amount to 
one atmosphere. The total pressure, however, will be a little 
nore than one atmosphere owing to the formation of carbon dioxide 
by the reversible reaction, 2CO = CO, + C. It follows, also, that 
ifa mixture containing p’ per cent. of nitrogen and 100—y’ per cent. 
of carbon monoxide be admitted to the reaction mixture, p will 
be a little greater than p’/100, because (a) a certain amount of 
carbon monoxide will be destroyed, the proportion depending both 
on its temperature and partial pressure, (b) this reaction involves a 
diminution in volume. The calculation of p from p’ can easily 
be made with the aid of Rhead and Wheeler’s data for the equi- 
librium, 2CO = CO, + C (T., 1911, 99, 1140). The differences 
between p and p’/100 are for the most part less than 2 per cent. 
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In view of the general agreement of the experimental results 
with the requirements of the law of mass action, there can be 
little doubt that the complete equation 


2 — ps 
(x stands for the total pressure of nitrogen and carbon monoxide) 
represents the behaviour of the system under discussion over a 
wide range of variables, despite the fact that the applicability of 
this equation has not yet been verified experimentally for different 
total (as distinguished from different partial) pressures. 
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EXPERIMENTAL. 


The general plan of these experiments consisted in passing g 
mixture of carbon monoxide and nitrogen of known composition 
over a boat containing weighed quantities either of sodium carbonate 
and carbon, or of sodium cyanide, together with a catalyst (iron), 
the total pressure of the gas, and the temperature of the boat and 
its contents, being known and constant. The composition of the 
equilibrated liquid phase was then determined by rapidly cooling 
and analysing the product in the boat. 


A.— Materials. 

Nitrogen and Carbon Monoxide.—Nitrogen taken from a cylinder, 
and carbon monoxide prepared from sodium formate and sulphuric 
acid were mixed over water in the required proportions, and freed 
from traces of carbon dioxide, oxygen, and water vapour by passage 
through sodium hydroxide, alkaline pyrogallate, and sulphuric acid, 
before sampling for analysis, and admitting to the reaction tube. 

Sodium Carbonate, Carbon, and Iron.—The usual procedure was 
to approach the equilibrium from both sides. When sodium 
carbonate and carbon were the starting materials, the iron was 
introduced in the form of ferric oxide, which quickly became 
reduced to metallic iron by the carbon monoxide in the gaseous 
mixture. The suitability of these materials was controlled by 
replacing ferric oxide by ferric acetate, and by complete analyses 
of the final products. It was thus proved that the formation of 
cyanates was inappreciable, although the aqueous lixiviate was 
frequently contaminated with traces of sodium hydroxide. These 
were of the order of 1 per cent. of the total alkali, and appeared to 
be roughly proportional to the oxygen introduced in combination 
with iron. 

Sodium Cyanide and Iron—When sodium cyanide was to be the 
starting point, the material actually used was sodium ferrocyanide, 
which decomposed quantitatively, at the temperature employed, 
into sodium cyanide, iron, carbon, and nitrogen, the iron being in 
a very active condition. The lixiviates from these experiments 
contained no trace either of sodium cyanate or of sodium hydroxide. 
Experiments with 98 per cent. sodium cyanide and iron, added in 
the form of oxide, yielded the usual small amount of sodium 
hydroxide on lixiviation together with detectable quantities of 
cyanate. These materials were therefore rejected in favour of 
sodium ferrocyanide. 

B.—A pparatus. 

Furnace.—Heating was accomplished by means of a Hareas 

tube furnace consisting of a platinum ribbon wound on an unglazed 
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porcelain tube of 3 cm. bore and bedded in well-burnt magnesia. 
The winding was spaced in such a way as to give a constant tem- 


sin 

at rature over a distance of about 8 cm. in the centre of the tube. 
Donate | The insulation (asbestos) was such that a current of 3-2 amperes 
(iron), § maintained a steady temperature of 900° at the centre, the resist- 
t and § ance of the ribbon at this temperature being 24 ohms. A current 
of the | of 5 amperes raised this temperature from 500° to 900° in fourteen 


minutes. 

Reaction Tube.—This was of glazed porcelain, was lined with 
thin sheet nickel, and had a bore of 21 mm. It was inserted through 
the furnace, and connected at one end with the gas supply system, 
and at the other with a water-jacketed silica extension tube, of 
the same diameter, which was used for rapidly cooling the boat. 
The other end of the silica tube was joined to a glass tube, also of 
the same diameter, which communicated through a side tube with 
a sampling trough, a gas reservoir, and a mercury pump. 

Reaction Boat.—This was of iron, 5 cm. long and as capacious 
as possible within the limits of its length and the size of the reaction 
tube. It was welded to a polished iron rod, 3 mm. in diameter, 
which served as a handle, and passed through a gas-tight, graphite- 
lubricated rubber bung in the end of the glass extension tube. 
The latter was just long enough to prevent the bung from being 


by § burned by the rod when the boat was withdrawn from the centre 
yses @ of the furnace to the silica cooling tube. 
1 of Thermometer.—Temperatures were measured just outside the 
was @ reaction tube by means of a platinum-rhodium couple standardised 
ese @ on the melting points of sodium chloride (800°), sodium sulphate 
| to (884°), and potassium sulphate (1063°). The readings were cor- 
ion rected for the small temperature gradient through the walls of 


the tube, and the values recorded below for the temperatures of 
the reaction mixture are believed to be accurate to within 2°. 


C.—Method. 


A weighed charge of the intimately mixed starting materials 
was placed in the boat, which was kept in the silica tube while the 
temperature of the furnace was adjusted, and the air in the reaction 
tube replaced by a mixture of nitrogen and carbon monoxide in 
the required proportions. The water-overflow of the gas reservoir 
which was to receive the out-going gases was adjusted to a level 
such that the ‘total pressure of nitrogen and carbon monoxide in 
equilibrium with carbon and carbon dioxide at the temperature 
chosen would amount to 760 mm. of mercury (p. 2281). The boat 
was then pushed up to the reaction zone and the gas passed in a 
steady stream. The incoming gas was sampled for analysis at 
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the beginning and at the end of the experiment, and the out-going 
gases every thirty minutes during its progress, the completion of 
the process being indicated by the constancy of their composition, 
The temperature was read every few minutes and kept as closely 
as possible to the required value. At the end of the operation, the 
reaction tube was closed by glass stop-cocks, and the boat with. 
drawn to the water-jacketed silica tube. A few minutes later, the 
reaction tube was completely evacuated by means of the mercury 
pump, and the gas thus obtained analysed. The product in the 
boat was analysed for cyanide, carbonate, total alkali, and occa. 
sionally for ferrocyanide (which was never present) and cyanate 
(see p. 2282). The gas collected in the reservoir was also analysed, 


D.—Reduction of the Results. 


Gas Analysis.—The composition of the last few samples of out- 
going gas was found to differ from that of the in-coming gas by an 
amount which was the same as that calculated from Rhead and 
Wheeler’s data for the reaction 2CO = C + CO, within the limits 
of analytical error. 

From the composition of the gas collected in the reservoir (due 
allowance being made for the small samples withdrawn during the 
course of the experiment) the amount of sodium cyanide formed or 
decomposed could be calculated. This was usually the same, 
within the limits of analytical error, as the amount found by direct 
analysis of the product in the boat. 

By analysis of the gas pumped off at the end of the experiment 
a control could be obtained of, and a correction applied for, any 
shift of the equilibrium during the short time required to cool the 
_ boat. The shift (towards sodium carbonate) was often capable 
of detection, but rarely exceeded 1 per cent. 

Analysis of the Product in the Boat.—The products of all experi- 
ments excepting those in which sodium ferrocyanide was the 
starting material gave a little sodium hydroxide on lixiviation. 
This was deducted from the total alkali when considering the 
relation between sodium carbonate and sodium cyanide. The 
very small amount of alkali (of the order of 0-1 per cent.) that 
could not be washed out from the excess of carbon was regarded as 
sodium hydroxide, which was known to be adsorbed much more 
tenaciously than either sodium carbonate or sodium cyanide. It 
was occasionally estimated by washing out the iron with mineral 
acids and burning off the carbon. 

General.—At temperatures close to 900°, it is an easy matter 
to obtain fairly consistent results by the procedure outlined above, 
but at lower and higher temperatures special difficulties enter. 
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» At 850°, the reaction is rather slow, so that it is difficult to bring 
riments to completion. Increasing the proportion of catalyst 
is open to the objection that this increases the quantity of sodium 
hydroxide found in the product. The plan which was adopted, 
therefore, was to approach the true equilibrium first from the 
sodium carbonate side to within about 2 per cent., and then from 
the sodium cyanide side to about the same degree of approximation. 
The mean of the two results was taken as the true equilibrium. 

At 950°, the main difficulty arose in connexion with the volatility 
of sodium cyanide, appreciable quantities of which escaped from 
the boat if the reaction was allowed time for completion. To 
obviate this, a series of several incomplete reactions, starting first 
of all with sodium carbonate and carbon, were conducted by 
passing the gaseous mixture for different lengths of time, all other 
conditions being identical. A second series was then carried out 
starting with sodium cyanide. The results of each set, when 
plotted against the volume of the gas passed, gave two curves 
approaching a common asymptote, the position of which indicated 
the true equilibrium. 

The values of x which have been used in calculating the constants 
of the equilibrium may therefore be classified as individual, mean, 
and asymptotic. The following table gives some examples of each. 

sone, loge 23-91— 


Expt indi- f7* G—PPy 31180 


. Temp. ¢ . 100z 
No, (I—273), Starting point. 100p. vidual), L1—z p 3 - A. (cale.). A’. 
4 906° NaCN 00 23 — 3-45 — 0-0 —2-3 
9 914 Na,CO,+4C 66-1 3-66 3-63 —0-03 23:9 —0-4 
10 909 NaCN . 3-43 3-52 +0:09 22-8 +2-1 
lL 917 ~ -- 370 — 10-2 +1-2 
13 +914 - 90-8 , 3-66 3-63 —0-03 84:0 —2-0 
53 900 Na,CO,+4C 100-0 98: — 100-0 +2-0 
Set No. kf 
44 851 Both . , ° ° +001 13-8 +0-2 
46 851 pe . : — . — 53 +11 
Set No. (asymptotic) _ 
29 «954 Both 63-8 45-0 2-44 2: +0-07 47:0 +2-0 
34 950 - 35-8 18-0 2-46 . —0-04 17-2 —0-8 
48 900 - 68-8 21-0 3-39 3- —0-07 19-8 —1-2 
The last three columns of the table exhibit the experimental 
error. Near the limits of the system no reliance can be placed on 
values of K calculated from formula (ii), and therefore the com- 
parison of log,,) K’ with 23-91—31180/T7' is not attempted for values 
of 100z which are less than 10 or greater than 90. In other cases 
(10 < 100x < 90), the average error in log, K’ is +0-05 (8th 
column). The 9th column contains the values of 100z calculated 
by formula (iii), whilst the 10th column shows the differences 


between these and observed values. The average experimental 
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error amounts to about -++1-5 per cent. in the determination of 2, 
This is equivalent to an average error of 3° in the temperature and 
is probably due to more than one cause, since the average error in 
the measurement of temperature is believed to be about 1°. The 
further reduction of the results has already been summarised on 
pp. 2280, 2281. 


During the course of this work the authors had the advantage 
of much valuable criticism and advice from Mr. H. N. Beilby and 
Dr, T. Ewan of the Cassel Cyanide Company, in whose laboratories 
the experiments were carried out. 
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GLascow. [Received, August 24th, 1922.) 


CCLXXVI.—The Specific Heats of Gases with Special 
Reference to Hydrogen. 


By CHRISTOPHER Ke.k INGoLD and Epitn HILDA 
UsHERWOOD. 


Ir is well known that observed values of the molecular heats of 
gases cannot be accounted for on the theory of equipartition 
excepting in the case of monatomic gases for which C, equals 
(3/2)R = 2-977, corresponding with three degrees of translational 
freedom. For a diatomic gas equipartition between three degrees 
of freedom of translation, two of rotation, and one of vibration, 
together with the potential energy of vibration gives C, = (7/2)R = 
6-947, although, actually, C, is much less than this and varies 
considerably with temperature. 

Bjerrum suggested (Z. Elektrochem., 1911, 17, 731; 1912, 18, 
101) that energy of vibration should be treated from the point of 
view of the quantum theory, and on this basis gave the formula 
C, = $k + RF(v,) for a diatomic gas, F being a function, tending 
towards zero at 0° Abs. and towards unity at high temperatures, 
which Bjerrum identified with Nernst and Lindemann’s expression ; 
and v, being the frequency. 

Bjerrum’s theory contains three defects : 

(i) He tested his formula with reference to high-temperature 
measurements only. Since at low temperatures it tends to the 
limit C, = 5R = 4-962, there is serious lack of agreement with 
Eucken’s values for hydrogen, which fall below 3-0 at low tem- 
peratures (Sitzwngsber. K. Akad. Wiss. Berlin, 1912, 141). 
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(ii) Rotational quanta are not considered, However, Kriiger 
has shown (Ann. Physik, 1916, [iv], 50, 346; 54, 450) that Eucken’s 
results on the specific heat of hydrogen at low temperatures can 
ie represented fairly well, although not exactly, by a Planck- 
finstein function of a characteristic precession frequency calculated 
om the basis of Bohr’s atom-model. Kriiger, however, does not 
examine the results to which his theory leads at high temperatures, 
nd, apparently, is not aware of the large difference which the 
introduction of his term makes to Bjerrum’s calculation.* 

(iii) Since Bjerrum leaves the frequency (v,) undetermined, one 
is at liberty to choose the figure which gives the best agreement 
vith observed values, and there is thus a large chance of obtaining 
satisfactory concordance by accident.f 

It will be shown below that the agreement obtained by Bjerrum 
in the case of hydrogen by the use of an arbitrary frequency is lost 
when allowance is made for precessional quanta, and that by the 
ue of a vibration frequency having theoretical foundation it is 
possible to obtain a complete account of the variation of the specific 
heat of hydrogen over the extreme range of temperature (— 238° 
to 2300°) within which measurements have been made. Hydrogen 
isthe only gas for which sufficient data are available at the present 
time for a satisfactory quantitative test, but the specific heats of 
other di- and tri-atomic gases tend towards the correct:- limits, so 
that there can be no doubt that the principle involved is of general 
applicability. 

We were led to study this subject by certain considerations arising 
from some measurements made recently by one of us (E. H.U.) 
of the specific heats of gaseous hydrogen cyanide (this vol., p. 1604), 
which was found to exhibit ‘“‘ abnormal” behaviour. In the 
development of the theoretical basis of those experiments, the 
point arose as to what constitutes ‘“ normal” behaviour, and, in 
order not to overburden the discussion, a general treatment of this 
subject was promised in a footnote (ibid., p. 1605). It is hoped 
that the following details relating to hydrogen, and some brief 
notes on other gases may suffice. 

The symbol f will be used as an abbreviation for the Planck- 
Einstein function, F for the Nernst-Lindemann function, and f 
and ¥ for their average values, defined thus : 

* Bjerrum rejects the idea of a characteristic rotational quantum (Nernst 
Festschrift, 1912, pp. 95—96, footnote). 

+ Bjerrum evidently realises the seriousness of this defect, as he endeavours 
(loc. cit.) to ascertain if the frequencies chosen can be justified by reference to 
absorption spectra; however, none of the elementary gases exhibits bands 


in the positions required, a fact which is discussed in some detail by Sommer- 
feld (‘‘ Atombau iind Spektrallinien,”’ 1921, Mathematische Zusitze, Nr. 20) 
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f(v) = oF {im} /{eF ca 1} i(v) = 7 i fl) aT. 


“ 1 /T 
F(v) = 4{f(v) + £(v/2)}. Fi) = 7 hf, F(v) dT. 


In order to express his results on the specific heats of hydrogen 
at low temperatures, Eucken used the formula C,= 3R + Rf(r), 
Here the term }R represents the specific heat due to translation, 
and the term Ff(v) that due to rotation; vibrations are not con. 
sidered. As a matter of fact, owing to their larger quantum, the 
effect of vibrations is negligible within the temperature range 
covered by Eucken’s experiments, although it becomes important 
at higher temperatures. The complete formula is to be obtained, 
therefore, by adding to Eucken’s formula a term for the specific 
heat due to vibration, and it is necessary, first of all, to examine 
the applicability of Eucken’s formula at low temperatures in order 
that any inaccuracies may not be repeated in the complete formula. 

To employ Eucken’s formula, Kriiger (loc. cit.) gives v = 10-06 x 
10#*, which is calculated from Bohr’s constants for the hydrogen 
molecule (Phil. Mag., 1913, [vi], 26, 487). The agreement, how- 
ever, is not good, the part of the observed specific heat which 
should correspond with /f(v) being uniformly about 13 per cent. 
too high. Even if the best empirical value, vg = 9-3 x 10! (Nernst, 
Verh. deut. physikal. Ges., 1916, 18, 83), be used, the improvement 
is numerically slight, and is of doubtful value, since now the calcul- 
ated and experimental curves intersect. If, however, we use the 


theoretical value of v (that is, Kriiger’s value) and write C, = 3R + ° 


1-13 Rf(v), the concordance is excellent, as the following table 
shows : 


T aw C, (obs.). §R+ RE(v). A. $R+1-13 Rf(v). 
2-98 0-00 2-98 
+0-03 2-99 

—0-02 

+0-03 

—0-01 

+0-02 

+0-07 

+0-15 

+0-19 

+0-23 

+0-21 


0 1 Co Gr 
oe eS 


+0-90 


* Nernst (Z. Elektrochem., 1911, 17, 272). 
Tt From the literature (average). 


The precession theory is manifestly only a first approximation at 
the present time, and the physical significance of the part 0-13 f(v) 
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of the specific heat is not clear, although it may be due to some 
kind of potential energy associated with precessional motion.* 

Having obtained a formula which correctly expresses observed 
values for temperatures below that at which the effect of vibration 
begins to be appreciable, we may proceed to calculate the frequency 
of vibration from numerical data relating to the Bohr model. In 
conformity with Bohr’s view, we must suppose that the stability 
of the molecule as a whole is determined by the restrictions of the 
quantum hypothesis, and that any one of the component charges 
will vibrate only when it acquires one or more quanta from the 
circumambient radiation.t Further, since displacements of the 
electrons give rise to frequencies about 1000 times too great appreci- 
ably to affect specific heats at attainable temperatures, and since 
nuclear displacements perpendicular to the axis of the orbit result 
in motion of the kind considered by Kriiger, we have only to con- 
sider displacements along the axis. If such a displacement increases 
the distance, 6, from the centre of the orbit to 6 +- db, the restoring 
force will be 

ZegX(b+db) = =§ eg 
i302 + (b+ db)2\2 (2b + dbj® 

eo {(a ~ °) = (1 = =) a eg'db, 

4b? ° \ 4b b/j 16° B 
since the radius of the orbit is */36. Hence the frequency is given by 

y = v5 : “0 , = 1-84 x 10" vibrations per sec. 
Sx mdi 

The numerical result is obtained by inserting Millikan’s values, 
m= 1-662 x 10°4 gram, and eg = 4-775 x 107% e.s.u., and 
Bohr’s value, b = 0-3175 x 10% cm. Using the experimental 
data tabulated below and the complete specific heat formule 
(i and ii), we find v’ = 1-85 x 10" vibrations per sec. as the average 
of a number of fairly concordant results.{ 

* McDougal (J. Amer. Chem. Soc., 1921, 48, 23) has examined the conse- 
quences of assuming one degree of freedom due to rotation about the axis 
joining the nuclei. The logical extension of this idea, however, appears to 
involve the assumption, for which there is no experimental support, of degrees 
of rotational freedom for monatomic gases. Moreover the agreement with 
experiment obtained by McDougal in the case of hydrogen does not appear 
to us sufficiently exact to warrant the introduction of such a revolutionary 
supposition. 

t In contradistinction to the suppositions made by Bohr (Phil. Mag., 1913, 
[vi], 26, 866) in considering the distortions of his systems, the assumed motions 
of which appear to involve the simultaneous reception of each quantum by 
all the component charges. 

{ The value of 8 = h/k, where h is Planck’s constant and k the gas constant 
for one molecule, is taken as 4-773 x 10-1! from Millikan’s data. 
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It will be noted that the theoretical value of v’ differs consider. 
ably from the value, v, = 1-5 x 10%, used by Bjerrum in th 
formula C, = §R + RF(v,). The concordance of this formuk 
with observed values is evidently due to the arbitrary choice ¢ 
v,, for it no longer exists when the term $2 is replaced by a function, 
such as $R + 1-13 Rf(v), which is known to fit the data for tem. 
peratures at which RF(v,) is negligibly small. 

The following are the complete formule for the real and average 
specific heats of hydrogen : 


C, = R{1-50 + 1-13£(10-06 x 101) + F(1-S4 x 10%)) 2... 
U,(0° — T°) = R{1-50 + 1-13£(10-06 x 10!) + F(1-84 x 10%4)] . (i 


It is claimed that their theoretical basis is self-consistent, and that 
they express observed values over a large range of temperature 
with an accuracy equal to that of the measurements : 


Real specific heat. Average specific heat. 


Cy 
Cy Cy 273—T°) , 
, yA - (Obs.).* (Cale. *). . D—273. (Obs.).* (Cale. i), 
273 4-75 4-74 j 1413 5:34 5g 
373 4-78 1504 5-38 
573 5-02 1592 5-42 
773 ° 1701 5-47 
1073 1835 5-52 
1473 2017 5-61 
2273 2118 5-65 
3273 2250 5-71 
* Nernst (loc. cit.). * Pier (Z. Elektrochem., 1909, 18, 
t+ Approximate only. 536). 
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In general, therefore, the specific heat curve of a diatomic gas 
must consist of three main sections, as may be seen from the 
diagram, in which the full line represents C, for hydrogen plotted 
against log,,) 7'.* At low temperatures, the value, 3R, is due to 
translation only (AB); at intermediate temperatures, the rotation 
quantum becomes appreciable and causes C,, to rise (BC) to about 
5R, at which point the vibration quantum takes effect and brings 
about a further rise as shown (CD). From a study of such curves 
for other gases, much can be learnt as to their molecular condition. 
Thus the high-temperature branch of the curve for nitrogen? 
(broken line) lies close to the curve for hydrogen, and hence the 


* This is done for convenience in showing very low and very high tem- 
peratures on the same diagram, 

t Plotted from Scheel and Heuse’s measurements at low temperatures 
(Ann. Physik, 1913, 40, 473), and from Pier’s data (loc. cit.), which show 
that at high temperatures C, for nitrogen is uniformly 0-20 times greater 
than C, for hydrogen at the same temperature. 
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vibration quanta for these two gases must have similar magnitudes 
(not so the rotation quanta). Since the motion is simple harmonic 
(p. 2289), it follows that the force.resisting the separation of the 
nuclei in nitrogen must be nearly fourteen times as great as in 
hydrogen, and one would expect dissociation to be appreciable 
only at extremely high temperatures. Similar considerations apply 
to oxygen and carbon monoxide. In the case of the halogens, on 
the other hand, their tendency to dissociate at only moderately 
high temperatures points unmistakably to a small restoring force, 


—}—-—+ 
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and hence, a small vibration quantum. It is known from Strecker’s 
measurements * (Wied. Annalen, 1881, 13, 20) of the specific heat 
ratio (y) that the halogens possess unusually high specific heats at 
the ordinary temperature. The portion of the specific heat curve 
for chlorine plotted from Strecker’s data appears to point to a 
frequency of about 3 x 101%, that is, only one-sixth of the fre- 
quency of hydrogen, in agreement with the general indications 
derived from chemical character. 


ImpERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Soutu KeEnsincton, S.W.7. [Received, September 5th, 1922.] 


* These have been corrected for deviations from the gas laws by means 
of the formule given by Nernst (‘‘ Theoretische Chemie,” 7 aufl., s. 245) 
and the critical constants, p, = 84 atm. and 7, = 419° Abs. The values 


are as follow : 


Observed by Strecker. Corrected. 
T—273°. p(atm.). + (uncorr.). C,/C». Co. 
0-61 1-324 1-346 0: 5-95 
0-84 1-326 1-339 “OF 6-00 
0-75 1-321 1-325 “002 6-16 
0-50 1-311 1-312 , 6-38 
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CCLXXVII.—The Constitution of the Terpene Present 
in the Essential Oil from Andropogon Jwarancusa, 


Jones. 
By Joun LIONEL SIMONSEN. 


In a recent communication (T., 1921, 119, 1644), mention was 
made of the fact that, in addition to d-piperitone, the essential 
oil from Andropogon Jwarancusa, Jones, contained a small quantity 
of what appeared to be a new terpene of the formula Cy 9H,,. This 
hydrocarbon, which did not yield any crystalline derivatives, 
seemed from its behaviour with bromine and the halogen acids 
to be bicyclic, and in view of the interest attached to such sub. 
stances a considerable quantity of the terpene has been purified 
and investigated in some detail. 

When the hydrocarbon was oxidised with potassium perman- 
ganate under the conditions described in the experimental part 
of this paper (see p. 2295), a saturated liquid keto-acid was obtained 
which, from the analysis of its ethyl ester, semicarbazone (m. p. 
182—183°), and oxime (m. p. 124—125°), had the formula C,9H,,0, 
and therefore was isomeric with pinonic acid. Although the 
terpene boiled nearly ten degrees higher than «-pinene, it was 
thought desirable, in view of the well-known difficulty of obtaining 
d-pinonic acid crystalline, to compare the derivatives of d-pinonic 
acid directly with those of the new keto-acid. A careful com- 
parison of the semicarbazone of d-pinonic acid (m. p. 207°) and the 
oxime (m. p. 127°) with the corresponding derivatives of the keto- 
acid showed at once that they were not identical, and this was 
confirmed by a comparison of the semicarbazones of the ethyl 
esters, that of ethyl d-pinonate melting at 152—154°, whereas the 
semicarbazone of the ethyl ester of the new keto-acid melted at 
119—120°. 

Like pinonic acid, the keto-acid contained a CH,°CO* group, 
since on treatment with sodium hypobromite solution it was con- 
verted quantitatively into a saturated, dextrorotatory dibasic acid 
(C,H,,0,) which melted at 104—105° and which was shown by 
direct comparison not to be identical with cis-pinic acid. Further, 
on treatment with a solution of hydrogen bromide at 100°, it was 
converted into a lactonic acid (C,H,,0,) which melted at 98—100° 
and was identified as homoterpenylic acid (III) by direct com- 
parison with a specimen of this acid prepared synthetically 
(Simonsen, T., 1907, 91, 184). 

It has already been shown by Baeyer (Ber., 1896, 29, 3) that 
pinic acid is not acted upon by hydrogen bromide at 100°, and 
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the remarkable stability of the “ picean” ring has already been 
discussed by Perkin and Simonsen (T., 1909, 95, 1166). There 
can therefore be little doubt that the dibasic acid CyH,,0,, which 
on treatment with hydrogen bromide yielded homoterpenylic acid, 
must contain a cyclopropane ring. 

If this assumption be accepted, the acid can only be represented 
by formula I or II, whilst the keto-acid would be represented by 


formula IV, V, or VI. 


(0,H-CH—CMe, CO,H-CHyCH—CMe, CH, 
N% ,‘ “Ng a 


JH 
H,-CH,-CO,H Gir.-CO,H Hy CH,00,H 
3-Carboxy-1 : 1-dimethyl- 1 : 1-Dimethylcyclopro- Homoterpenylic 
eyclopropane-2-propionic pane-2 : 3-diacetic acid (III.) 
acid (I.) acid (II.) 


C0O,H-CH-CMe, CO,H-CH,:CH-CMe 
ae: ee 4 i 2 CO,H-CH,°CH,*CH-CMe, 
CH CH PA 
I L CHAc 
CH,:CH,Ac CH,Ac 
1; 1-Dimethyl-2-y-keto- 1: 1-Dimethyl-2-acetonyl- 1 : 1-Dimethyl-2-acetyl- 
butyleyclopropane-3- cyclopropane-3-acetic cyclopropane-3-pro- 
carboxylic acid (1V.) acid (V.) pionic acid (VI.) 


(VII.) (VIII) 
A!-Carene. A’-Carene. 

Keto-acids having the formule IV, V, and VI would be derived 
from hydrocarbons of the formulz represented by VII, VIIT, and IX. 
In a paper published some time ago (T., 1920, 117, 570 *), the 
author described a new hydrocarbon which was obtained from 
the oleo-resin of Pinus longifolia. From the fact that this hydro- 
carbon yielded with hydrogen chloride a mixture of sylvestrene 
and dipentene dihydrochlorides and on oxidation with potassium 
permanganate, amongst other products, caronic acid, it was con- 
cluded that it must be either d-A®- or A‘-carene (VIII or VII). 
Further, since the molecular refraction was normal ([Rz]p = 44-22; 


* In this paper (p. 574), the decomposition point of carene nitrosate should 
be 147-5° and not 141-5°. The anulysis should read; C,)9H,,0,N, requires 
N = 12-3 per cent. 
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cale., 44-19), it was considered that in all probability it was d-A%. 
carene (VIII). The possibility therefore arose that the new hydro. 
carbon was d-A‘-carene (VII). 

In view of these results it became desirable to reinvestigate the 
action of the halogen acids on the terpene, since if it were A*-carene 
it should under suitable conditions yield a mixture of sylvestrene 
and dipentene derivatives. It had been previously observed (loc, 
cit., p. 1649) that whereas with hydrogen bromide in acetic acid 
solution a dihydrobromide resulted, with hydrogen chloride in 
ethereal solution a monohydrochloride was formed. It has now 
been found (see p. 2298) that on treatment with hydrogen chloride 
in acetic acid solution a solid dihydrochloride melting at 48—50° 
is formed which has been identified as dipentene dihydrochloride. 
The bulk of the hydrochloride obtained was, however, an oil and 
the hydrocarbon regenerated therefrom was found to give an 
intense sylvestrene reaction with sulphuric acid in acetic anhydride 
solution. Unfortunately, it has not proved possible to prepare 
any solid derivatives of this hydrocarbon, but since no other hydro- 
carbon is known to yield the sylvestrene reaction, the author is 
of opinion that sylvestrene dihydrochloride was present in the 
liquid hydrochlorides, although undoubtedly dipentene dihydro- 
chloride formed the main product of the reaction. 

The formation of dipentene and sylvestrene dihydrochlorides 
would appear to prove definitely that the hydrocarbon under 
investigation must be either d-A%- or A‘-carene and cannot possess 
formula IX. 

As was mentioned above, owing to its normal molecular refrac- 
tion it was concluded that the terpene from P. longifolia was d-A’*- 
carene and support is lent to this view by the fact that the terpene 
now under consideration has a very high molecular refraction 
(Found, in two distinct samples, [Pz], = 44-69, 44-58). The 
exaltation is therefore considerable (0-5 and 0-39), although some- 
what lower than that observed for sabinene (0-78) (Auwers, Roth, 
and Eisenlohr, Annalen, 1910, 373, 268). 

There would appear to be little doubt, therefore, that the hydro- 
carbon is d-A‘-carene (VII), the keto-acid would then be d-1:1- 
dimethyl-2-y-ketobutyleyclopropane-3-carboxylic acid (IV), and the 
dibasic acid 4d-3-carbory-1 : 1-dimethylcyclopropane-2-propionic 
acid (1). 

The occurrence in nature of the two hydrocarbons d-A%- and 
A‘-carene would appear to be a matter of some importance and 
would seem to indicate that we may expect to encounter other 
derivatives of carane. d-A*-Careng differs considerably in its 
properties from d-A®-carene; besides having a somewhat lower 
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boiling point (A*, 165-5—167°/707 mm., A*, 168—169°/705 mm.), 
itis very much less readily oxidised in the air and it does not possess 
the pungent smell so characteristic of d-A®-carene. It has not so 
far proved possible to isolate a keto-acid from the oxidation pro- 
ducts of d-A®-carene, but further experiments in this direction are 
in hand and some progress has been made in the difficult problem 
of synthesising A*-carene. 


EXPERIMENTAL. 


The greater part of the terpene used in the experiments detailed 
below was obtained by the distillation in steam of a quantity of 
A. Jwarancusa, Jones, grown in Sind.* The terpene was found 
to distil very constantly at 165-5—167°/707 mm. and had the 
following constants: d3; 08552; nj 1-474; [a]f” + 62-2°; 
[Rr}p 44-69, which except as regards rotatory power agree fairly 
well with those previously found (loc. cit., p. 1649). 


Oxidation of d-A*-Carene. d-1 : 1-Dimethyl-2-y-ketobutyl- 
cyclopropane-3-carboxylic Acid (IV). 

As the result of a large number of comparative experiments the 
following method was found to be the most satisfactory for the 
oxidation of d-A*-carene. The hydrocarbon (20 c.c.) was dissolved 
in pure dry acetone (200 c.c.) and to the mixture, which was kept 
well cooled in an ice-bath, finely divided and sieved potassium 
prmanganate (48 grams) was gradually added. Oxidation pro- 
ceeded only very slowly and the addition of the permanganate took 
approximately sixteen hours. When the oxidation was complete, 
the manganese dioxide was separated, well washed with acetone,t 
mixed with water, and distilled in steam to remove any adherent 
acetone and unchanged hydrocarbon. The aqueous solution was 
filtered and the residual manganese dioxide repeatedly extracted 
with boiling water until the extract was quite colourless. The 
manganese dioxide was found to retain the salts of the oxidation 
acid most tenaciously and as a rule at least six extractions with 
boiling water were necessary. The alkaline filtrate, which was 
deep brown in colour, was concentrated to a small bulk in a current 
of carbon dioxide and acidified, when a viscid, brown oil separated. 

* The oil obtained from A. Jwarancusa, Jones, grown in Sind, was found 
to differ very markedly from the oil isolated from the same grass grown in 
the Hazara District. A detailed account of the composition of the Sind oil 
will shortly be published in the Indian Forest Records. 

t On evaporation, the acetone solution, in addition to unchanged terpene, 
yielded a small quantity of a viscid oil which distilled at about 185°/67 mm. 
The oil showed no tendency to crystallise and gave a liquid urethane. It 
was not further examined. 
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This was taken up with ether, the ether dried, and evaporated 
(yield 8 grams). Since the oxidation product, which smelt strongly 
of acetic acid, showed no tendency to crystallise even on lo 
keeping, it was mixed with excess of semicarbazide acetate solution, 
when, on warming, a copious precipitate of the semicarbazone 
separated. This was collected, triturated with ether,* which 
removed a small quantity of a resinous brown impurity, and dried 
on porous porcelain. 

The crude semicarbazone of the keto-acid melted at 178—189) 
and was purified by crystallisation from methyl alcohol, from 
which it separated in glistening rhombohedra melting at 182— 
183°, and this melting point was not altered by further crystallisation 
(Found: C = 545; H=7-7. C,,H,,0,N, requires .C = 548; 
H = 7-9 per cent.), 

The pure keto-acid was readily obtained by the hydrolysis of 
the semicarbazone. In one experiment, the semicarbazone (1 part) 
was heated with dilute sulphuric acid (10 per cent.; 10 parts) on 
the water-bath for half an hour, when a pale yellow oil had separated 
on the surface of the sulphuric acid. The acid was taken up with 
ether, the ether dried and evaporated, when d-1 : 1-dimethyl-2. 
y-ketobutyleyclopropane-3-carboxylic acid was obtained as a viscid, 
pale yellow oil. The acid could not be induced to crystallise even 
when cooled in solid carbon dioxide. It was found to yield a 
somewhat sparingly soluble sodium salt, which separated from 
sodium hydroxide solution in prisms. In alkaline solution, it was 
stable to potassium permanganate, and was not attacked by dilute 
mineral acids at 100°, although at higher temperatures it appeared 
to be converted into a lactone. 

d-1 : 1-Dimethyl-2-y-ketobutylcyclopropane-3-carboxylic Acid Oxime. 
—The acid (1 gram), dissolved in a slight excess of sodium carbon- 
ate solution, was heated with hydroxylamine hydrochloride (1 gram) 
and dilute sodium hydroxide solution (0-6 gram NaOH) on the 
water-bath for one hour. On cooling and making just acid with 
hydrochloric acid, the oxime separated as a viscid oil, which rapidly 
solidified. It was purified by crystallisation from dilute methyl 
alcohol, from which it was obtained in hexagonal prisms melting 
at 124—125° (Found: C = 60-5; H=8-8. C,9H,,0,N requires 
C = 603; H = 8-5 per cent.). In methyl alcohol solution (2 per 
cent.), [«]§ was found to be + 44-9°. 

d-1:1- Dimethyl - 2 - y - ketobutyleyclopropane- 3 - carboxylic Acid 
Phenylhydrazone.—The phenylhydrazone of the keto-acid separated 

* In addition to a small quantity of the semicarbazone, the ethereal 


extract contained a trace of a liquid acid, which was not obtained in sufficient 
quantity for investigation. 
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at once as a yellow powder on mixing a dilute acetic acid solution 
of phenylhydrazine with a solution of the keto-acid in the samé 
solvent. It crystallised from alcohol in long prisms which deconi: 


long fH posed at 97—99°. Like the pheiiylhydrazone of pihoriic acid, it 
ition, was extremely unstable and had completely decomposed on keeping 
zone M over-night. The ethyl ester of the keto-acid,* prepared iti the 
‘hich usual manner with alcohol atid sulphuric acid, was obtaitied as 4 


pleasant-smelling oil which boiled at 133—135°/11 mm. (Found : 
(= 676; H=9-3. C,H, 0, requires C = 67-9; H = 9-4 per 
cent.). The semicarbazone of the ethyl ester, prepared in the 
usual manner in alcoholic solution, was precipitated on the addition 
of water as an oil which slowly solidified. It crystallised from a 
mixture of benzene and light petroleum in rosettes of needles 
which melted at 119—120° (Found: C=578; H= 8-6. 
CsH»g03;N, requires C = 57-9; H = 8-5 per cent.). 


d-3-Carboxry-1 : 1-dimethyleyclopropane-2-propionic Acid (I). 

In one experiment, the keto-acid (5-5 grams) was dissolved in 
sodium hydroxide solution (1-5 grams NaOH) and the cooled solution 
added all at once to a dilute sodium hypobromite solution (275 c.c. ; 
165 grams NaOH, 22 grams Br,). The solution at once became 
cloudy and after standing for one hour a considerable quantity of 
bromoform had separated. The excess of hypobromite was re- 
moved by sulphur dioxide, the bromoform separated, the solution 
acidified, saturated with ammonium sulphate, and repeatedly 
extracted with chloroform. On removing the chloroform, a pale 
yellow oil (5-5 grams) remained which, on scratching with a glass 
rod, completely solidified. The dibasic acid, which was somewhat 
sparingly soluble in cold water, was purified by crystallisation 
from hot water, from which it separated in minute, irregular plates 
melting at 104—105°. The acid was found to be readily soluble 
in all the ordinary organic solvents, and when dissolved in alkaline 
solution was perfectly stable to potassium permanganate. With 
copper acetate solution, an aqueous solution of the acid gave an 
immediate precipitate of a sparingly soluble copper salt, which was 
indistinguishable in appearance from that given by pinic acid 
(Found: C = 58-3; H= 7-7. C,H,,0, requires C = 58-0; H= 
7-5 per cent.). 


* For the purposes of comparison, the semicarbazones of ethyl d- and l- 
pinonate were prepared. These two semicarbazones, which do not appear 
to have been prepared previously, crystallise from 50 per cent. alcohol in 
woolly needles melting at 152—154° (Found: im d-semicarbazone, C = 57-5; 
H=82; in Jl-semicarbazone, C = 57:5; H=8-5. Cale., C = 57:9; 
H = 8-5 per cent.). 

41* 
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In a 1 per cent. chloroform solution, [«]}’ was found to be + 33-5°, 
On titration with a standard solution of potassium hydroxide, 
0-197 gram neutralised 13-1 c.c., whereas a dibasic acid, CyH,,0,, 
should have neutralised 13-25 c.c. 


Action of Hydrogen Bromide on d-3-Carboxy-1 : 1-dimethylcyclo- 
propane-2-propionic Acid. Formation of Homoterpenylic Acid. 


The dibasic acid (0-5 gram), mixed with an aqueous solution of 
hydrogen bromide (saturated at 0°; 5 c.c.), was heated for five 
hours in a sealed tube at 100°. The deep brown solution was 
evaporated on the water-bath, when a viscid oil was obtained 
which slowly crystallised. After draining on porous porcelain, it 
was purified by crystallisation from pure ether, in which it was 
only sparingly soluble and from which it was obtained in glistening 
prisms melting at 98—100° (Found: C = 58-3; H = 7-8. C,H,,0, 
requires C = 58-0; H = 7-5 per cent.). 

On titration in the cold, 0-1065 gram neutralised 3-6 c.c. of a 
standard solution of potassium hydroxide (calc., 3-58 c.c.); after 
boiling the solution with excess of alkali and titrating back, it 
was found to have neutralised 7-2 c.c. 

The lactonic acid was identified as homoterpenylic acid by 
direct comparison with a synthetic specimen of this acid prepared 
by the method previously described (Simonsen, Joc. cit.). A mixture 
of the two acids melted at 98—100° and they appeared to be identical 
in every way. 


Action of Hydrogen Chloride on d-A*4-Carene. 


The terpene (10 grams) was dissolved in acetic acid (50 c.c.) and 
the ice-cold solution saturated with hydrogen chloride, the tem- 
perature being kept at 0°. The deep brown solution was kept at 
0° for six hours and at the room temperature (30°) for forty-eight 
hours. On pouring into water, a heavy oil separated. This was 
taken up with ether, the ether thoroughly washed with dilute 
sodium carbonate solution to remove free acids, dried, and evapor- 
ated, and the residual oil distilled under diminished pressure (14 
mm.), when practically the whole passed over between 120—130°. 
On cooling in a freezing mixture, the oil crystallised. On filtering 
through an ice-cold funnel, a small quantity of a solid hydro- 
chloride was obtained which, after draining on porous porcelain, 
was crystallised from dilute alcohol, when it was found to melt 
at 48—50° and was identified as dipentene hydrochloride, since on 
admixture with an authentic specimen no depression of the melting 
point was observed. 

The liquid hydrochlorides were decomposed by digestion with 
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sodium acetate in acetic acid solution, when a hydrocarbon was 
obtained which distilled at 120—1i40°/200 mm. When dissolved 
in acetic anhydride and treated with a drop of sulphuric acid, the 
hydrocarbon gave an intense blue coloration, indicating the presence 


lo. § of sylvestrene. Attempts to prepare solid derivatives of this 
d. hydrocarbon were not successful, but the presence of dipentene was 
vi confirmed by the preparation of the characteristic tetrabromide. 
a In conclusion, the author wishes to express his indebtedness to 
ras 


Mr. Gopal Rau for the preparation of a quantity of ethyl f-iodopro- 
pionate, and to him and Mr. Ghose for making the analyses. 


Forest REsEARCH INSTITUTE AND COLLEGE, 
Dera Dun. (Received, August 30th, 1922.] 
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CCLXXVIII.—Methylation of Xylose. 


By ALBERT CARRUTHERS and EpMuND LANGLEY Hirst. 


TxE importance of investigating in detail the properties of the 
fully and the partly methylated derivatives of the sugars has long 
heen recognised, not only on account of the interesting constitutional 
problems presented by these compounds, but also because they 
serve as standard reference substances which render possible the 
application of the methylation method to the determination of 
the structure of the di-, tri-, and poly-saccharides. In view of the 
wide distribution of glucose and its relationship to cellulose, starch, 
and glycogen, attention was directed to its study at an early stage 
in the history of the methylated sugars and in this case investiga- 
tion of the partly methylated derivatives has been in progress for 
some considerable time, with the result that the knowledge gained 
is proving invaluable in the constitutional study of the complex 
carbohydrates containing glucose residues. Researches now being 
carried out in this laboratory on the composition of various types of 
cellulose have revealed the necessity of studying more fully the 
methylated derivatives of the simple pentoses. Thus it will be 
shown, in a forthcoming paper by Irvine and Hirst, that the esparto 
cellulose of the paper manufacturer contains 20 per cent. of xylan, 
whilst a yield of nearly 19 per cent. of pentosan has been isolated 
from straw cellulose (Heuser, Braden, and Kirschner, J. pr. Chem., 
1921, [ii], 103, 69). The study of these xylose derivatives by the 
methylation method will naturally depend on a knowledge of the 
properties of the fully and the partly methylated xyloses, but up 
to the present, beyond investigation of the properties of the methyl- 


pentosides described by Fischer (Ber., 1893, 26, 2407; 1895, 28, 
41*2 
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1157), the alkylation of pentoses has been restricted to arabinose 
and rhamnose. In the former case, trimethyl methylarabinoside 
and the corresponding trimethyl arabinose were prepared and 
described by Purdie and Rose (T., 1906, 89, 1204), whilst, in addi. 
tion to the fully methylated rhamnose, Purdie and Young (1, 
1906, 89, 1194) obtained a dimethyl derivative and the dimethy| 
methylrhamnoside corresponding with it. The chemical behaviour 
of these compounds offers in many ways a very close parallel to 
that of the methylated hexoses and their methylhexosides, whilst 
the same regularities regarding optical properties may be applied 
equally well to both series. Thus the specific rotations of the «. 
and £-forms of methylglucoside, methylarabinoside, or methyl- 
xyloside are reproduced almost exactly in the values obtained for 
the «- and 8-forms of the methylated derivatives of these methyl. 
hexosides or -pentosides. Examples of this generalisation are 
collected in the table given below, in which are included figures 
obtained in the course of the present research for methylated 
xylose. 
[a],- [2],. 
B-Methylglucoside ............... —33° Trimethyl 8-methylxyloside .... —67° 
2:3: 5-Trimethyl a-Methylarabinoside ............ +246 
glucoside ‘9 Trimethyl a-methylarabinoside +251 
2:3: 6-Trimethyl a-Methylglucoside +157 
glucoside ‘9 Dimethyl a-methylglucoside ... +143 
Tetramethyl 8-methylglucoside —17 Tetramethyl a-methylglucoside +154 
B-Methylxyloside 
Whilst such properties point unmistakably to the possession of 
some form of lactone ring by all these compounds, it is unfortun- 
ately impossible to draw conclusions from them as to whether the 
linking is of the propylene-, butylene-, or amylene-oxide type, or 
even as to the similarity of the lactone ring structures in different 
carbohydrates. Thus the optical properties of tetramethyl 
y-methylglucoside, the structure of which differs fundamentally 
from that of the normal forms of tetramethyl methylglucoside, 
diverge very slightly from those of the $-isomeride. In the light 
of these arguments and in view of the absence of actual chemical 
evidence regarding the nature of the linking in the pentose series, 
the representation of xylose or arabinose by formule such as (I) 
can be regarded merely as a tentative working hypothesis. The 
need for caution must be further emphasised in view of the recent 
work of Helferich and Malkomes (Ber., 1922, 55, [B], 702) on the 
properties of a 5-hydroxy-aldehyde (II), which they have shown 
to be stable in the form of a 8-lactone (III), the chemical and 
physical properties of which exhibit remarkable similarity to those 
of a normal reducing sugar. Thus, for example, derivatives of a 
glucoside-like nature may be formed in the usual manner with 
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acidified methyl alcohol, and this new substance (IV) shows many 
of the reactions of a normal glucoside, although it possesses an 


amylene-oxide ring. 


4 val ‘OH 


/ (HOH 
\ CH-OH 
\cH a : HCl . 
I 
CH,-OH CHMe-OH ‘HMe CHMe 
(1) (II.) (IV.) 


Further investigations, now being carried out by Bergmann and 
Miekely (Ber., 1922, 55, [B], 1390), into the properties of simple 
hydroxy-ketones such as 6-acetyl-n-butyl alcohol have shown that 
these substances form compounds with methyl alcohol resembling 
methylglucosides with reactivities parallel to those of sugars of the 


yseries. 


MeC:O 


CH,-OH CH, 
(V.) (VI. ) 

In addition, facts such as the.anomalous behaviour of xylose and 
even of trimethyl xylose in the readiness with which the trans- 
formation to furfural may be effected, the failure of xylonic acid to 
form a lactone under ordinary conditions (Allen and Tollens, 
Annalen, 1890, 260, 307), and the extremely slow condensation of 
trimethyl xylose with acidified methyl alcohol in the cold, details 
of which will be found recorded in the experimental part of this 
paper, are difficult to reconcile with the behaviour of glucose under 
similar conditions if the two molecules are almost identical in 
structure. It will be understood, therefore, that although, in 
depicting the reactions described in the present paper, the butylene- 
oxide ‘structure is used to formulate xylose and its derivatives, we 
consider the question as to the exact nature of the linking to be 
still an open one. Experiments are already in progress by means 
of which we hope to obtain more definite evidence on this par- 
ticular point, and in view of the intimate relationship between the 
hexose and pentose series and the lack of evidence in support of 
the butylene-oxide structure for the normal hexoses, we hope to 
extend our studies so as to include the general question of the 


nature of the oxide ring structure in sugars. 
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In the study of the methylation of xylose, the consideration 
advanced above have been kept in view and attention has been 
particularly directed to those propérties on which evidence as to 
structure might be based and to the possibility of using the methyl. 
ated compounds as reference substances in the study of the 
pentosans in a manner similar to that in which the closely analogous 
penta-, tetra-, and trimethyl-glucoses are being employed in the 
case of the hexosans. Two series of methylation experiments have 
been carried out with the view of obtaining the two stereoisomeric 
forms of trimethyl methylxyloside. Methylation with methyl 
sulphate according to the method introduced by Haworth for the 
reducing sugars (T., 1915, 107, 8) followed by treatment with 
methyl iodide and silver oxide gave the fully methylated, crystalline 
trimethyl 6-methylxyloside (VIII), which was obtained as a wax. 
like solid, m. p. 46—48°, b. p. 69—72°/0°5 mm. _ In this case, 
identification by refractive index measurements is not so con- 
venient as in that of pentamethyl glucose, since preparations of 
equal purity, but containing differing proportions of the «- and 
8-isomerides, and hence superfused to different degrees, gave 
slightly discordant readings. 

With the object of preparing the «-form of trimethyl methyl. 
xyloside, a start was made from the equilibrium mixture of «- and 
6-methylxylosides, prepared by treating xylose with acidified 
methyl alcohol at 100° for twenty hours. Under these conditions, 
Fischer has shown (loc. cit.) that excess of the «-form is produced 
and that this may be separated from the §-variety by taking 
advantage of the different rates of crystallisation of the two 
isomerides from solution in ethyl acetate. The «-form, which, in 
the present series of experiments, could not be separated completely 
from admixture with a small quantity of the 8-form, was methylated 
by the silver oxide—methyl iodide reaction in the usual manner, 
using methyl alcohol as solvent during the preliminary stages of 
the alkylation. The rate of methylation was slow, and before the 
fully methylated compound was obtained it was found necessary to 
repeat the treatment no fewer than five times. The final product 
was a mobile syrup with the following physical constants< b. p. 
115—118°/12 mm., mp 1°4410 at 25°. <A value of [a], + 86° was 
recorded for the specific rotation in methyl-alcoholic solution. 
Assuming the applicability to the present case of the generalisation 
regarding the rotations of methyl pentosides referred to above, 
both «- and @-forms were present in the specimen in the proportion 
of 66 per cent. of «- and 34 per cent. of 6-. 

The behaviour of both modifications on hydrolysis was distinctly 
anomalous, When the $-form was hydrolysed under conditions 
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llel to those which convert tetramethyl $-methylglucoside 
quantitatively into tetramethyl glucose, some 50 per cent. only of 
the calculated quantity of trimethyl xylose was formed. Secondary 
ractions diminished the yield of sugar, and furfural derivatives 
yere formed in quantity despite the protection to the hydroxyl 
goups afforded by methylation. Still more unexpected results 
were forthcoming from the hydrolysis of the mixture containing 
excess Of the «-form. In this case, milder conditions of hydrolysis 
were adopted, but notwithstanding these precautions no trace of 
trimethyl xylose was obtained, a quantity of an exceedingly viscous, 
levorotatory syrup being isolated, which was acidic in properties. 
The trimethyl xylose (IX) which was obtained by hydrolysis of 
the trimethyl $-methylxyloside crystallised with great readiness 
and in very characteristic form. The «-isomeride, after several 
rerystallisations from ether, showed a maximum melting point of 
%1—90°, which figure was not altered by further treatment and 
therefore may be taken as belonging to the pure «-form of the 
compound. Mutarotation in aqueous solution was so rapid that the 
maximum value of [«], for this solvent could not be recorded, 
but in absolute alcohol the value [«], +- 74° was obtained. Catalysis 
vith a trace of ammonia led to very slow mutarotation to a perma- 
nent value, [«], + 21°, which was also given by the aqueous solu- 


tio without a catalyst and by the alcoholic solution on addition 
of hydrochloric acid, which resulted in very much speedier muta- 
rotation. 


CH-OH /H-OMe /CH-OH 
/ CH-OH 6 CH-OMe 6 CH-OMe 
. CHOH -—> \. CH-OMe —>  \. CH-OMe 
\¢GH \¢H \¢H 
H,-OH CH,-OMe (H,-OMe 
(1.) (VIII.) (IX.) 

For comparison with methylated sugars of the hexose series, the 
trate of condensation with acidified methyl alcohol in the cold 
was measured. With 0°25 per cent. acid, no change in rotation 
was observed after sixty hours at 15°, indicating that the rate of 
condensation is much slower than in the hexose series. After 
treatment at 70°, however, a permanent value, [a], + 50°, was 
recorded, in good agreement with the figure previously found for 
the equilibrium mixture of «- and 8-trimethyl methylxylosides. 
This difference in rate of condensation is worthy of note in that it 
would seem to indicate great stability of structure, whilst the trans- 
formation to furfural appears to show the reverse to be the case. 
The behaviour towards alkaline permanganate resembled that of 
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normal tetramethyl glucose. Owing to the ease with which the 
sugar itself could be obtained crystalline, little attention was 
directed to the attempted formation of derivatives. But in view 
of the failure of trimethyl arabinose to form an anilide the prepar. 
ation of the anilide of trimethyl xylose was attempted. This com. 
pound, if formed, must be soluble in water and alcohol and must 
hydrolyse with extreme ease, as all attempts to separate it failed, 

Owing to the poor yield of trimethyl xylose which can be obtained 
from trimethyl methylxyloside, it would appear that for quantita. 
tive work greater importance must be attached to the @-form of 
trimethyl methylxyloside as a reference substance. Its physical 
constants and the ease and certainty with which it may be obtained 
crystalline render it of great utility in all cases where it is possible 
to ensure the formation of the @-form to the exclusion of all bat 
traces of the a-isomeride. 


EXPERIMENTAL. 
Preparation of Trimethyl Methylxyloside. 


Two separate series of experiments were carried out, in the 
former of which the object was to isolate finally the $-form of the 
fully methylated xylose. In this case, methyl sulphate was used 
as methylating agent and since this is the first occasion on which 
this reagent has been applied in the pentose series, a description 
of a typical experiment is given. Xylose (6°6 grams) was dissolved 
in the minimum quantity of water, and the methylating reagents 
(50 c.c. of methyl sulphate, and 48 grams of sodium hydroxide 
dissolved in 93 c.c. of water) were added slowly and simultaneously 
to the solution. The mixture was vigorously stirred throughout 
the experiment and the temperature was maintained at 30° until 
the reducing action on Fehling’s solution had disappeared. The 
remainder of the reagents was added at 70°. Half an hour at the 
boiling point served to complete the reaction, after which the pro- 
duct was isolated in the usual manner and found to weigh 5°32 grams. 
Owing to the very volatile nature of the methylated xylose, removal 
of the solvent requires special care, and in the present case a portion 
of the material was lost by volatilisation during the elimination 
of the last traces of the chloroform used in the extraction. The 
yield is therefore of the same order as that previously found in the 
hexose series when this method is employed. The resulting mobile 
syrup crystallised spontaneously, giving long, white needles which 
melted at 35—40°. Methylation was completed by treatment with 
silver oxide and methyl iodide in the usual manner, and after two 
such operations a product was isolated which, on distillation, gave 
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acolourless, mobile syrup. This crystallised, on cooling, to a wax- 
like solid which had the following physical constants: b. p. 69— 
72°/0°5 mm.; m. p. 37—39° (after keeping for one hour). 

After keeping for a day on porous tile, the melting point had 
risen to 45—48°. The superfused solid showed nj 1°4316, 
n@ 1°4352 [Found: C = 52°46; H= 8-79; OMe = 58°6. Cale. 
for C;H,O(OMe),, C = 52°43; H = 8°74; OMe = 60:1 per cent. ]. 
(Chemically this material behaved as a typical glucoside toward 
Fehling’s solution. It was very soluble in water and all the common 
organic solvents with the exception of light petroleum, in which 
its solubility was only moderate. As obtained by distillation, the 
product was a mixture of the «- and 6-forms and from this the 
pure B-form was isolated by crystallisation from light petroleum, 
almost the whole of the solvent being removed and the concen- 
trated solution being cooled in ice to effect crystallisation. For 
the recrystallised specimen the following constants were recorded : 
m. p. 46—48°; nif 14316; np 1:4350; [a], — 66°6° in methyl 
alcohol (c = 1°160); [«], — 640° in ethyl alcohol (c = 1°100); 
[a]p — 67°0° in water (c = 1°114). 

In methyl-alcoholic solution the equilibrium value of the specific 
rotation after treatment with acidified methyl alcohol at 100° 
for eight hours was [a], + 49°5° (c = 1°150). 

In the second series of methylation experiments, an attempt 
was made to obtain the «-form of trimethyl methylxyloside by 
methylating «-methylxyloside, which is obtainable in the manner 
described by Fischer (loc. cit.) from the mixture of «- and #-methyl- 
xylosides resulting by treatment of xylose in sealed tubes with 
0:25 per cent. acidified methyl alcohol. Ten grams of xylose were 
transformed into the methylxylosides, and the 8-form was allowed 
to crystallise. The remaining syrup failed to deposit crystals even 
after standing for two weeks, and accordingly it was decided to 
methylate without attempting to separate the last traces of the 
8-variety. The syrup, weighing 8 grams, was treated in the usual 
manner with methyl iodide and silver oxide, methyl alcohol being 
used during the first stages as solvent. Complete methylation 
required five separate treatments by this method, at the end of 
which a colourless, mobile syrup (weight 4 grams) was obtained 
which boiled at 115—118°/12 mm. and which did not crystallise ; 
n* —1:4410; ni = 14380 [Found: C= 526; H = 8°66; 
OMe = 61. Cale. for C;H,O(OMe),, C = 5243; H = 874; 
OMe = 60°1 per cent.]. 

The value of [«]) was + 86° in methyl-alcoholic solution (c=2°534). 
After digestion with acidified methy] alcohol at 100°, the equilibrium 
value of the specific rotation was [«]) + 50°4° (c = 2301). The 
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figure previously recorded, starting from the ®-form, was [«], + 
49°5°. 
Hydrolysis of Trimethyl Methylxyloside. 

The method of hydrolysis adopted was essentially the same as 
that found very effective for the hydrolysis of tetramethyl methyl. 
glucoside. Crystalline trimethyl §-methylxyloside (4°6 grams) 
was dissolved in 100 c.c. of 8 per cent. aqueous hydrochloric acid, 
and a small quantity of charcoal added to the solution. The 
reaction was complete after boiling under reflux for one hour, but 
the end value of the specific rotation did not correspond with 
that afterwards found for the equilibrium mixture of the two 
forms of trimethyl xylose. A considerable amount of a volatile 
substance was formed which gave an intense red coloration with 
aniline acetate. This points to the partial destruction of the 
trimethyl xylose with formation of furfural derivatives. After 
neutralising with barium carbonate, evaporating to dryness under 
diminished pressure, and extracting the residues with ether, a pale 
yellow syrup was obtained which weighed 1°83 grams and crystal- 
lised spontaneously. Further extraction of the residues with 
chloroform gave a small quantity of a syrup which only partly 
crystallised after several weeks. The total yield was thus slightly 
less than 50 per cent. of the theoretical value. The crystalline 
material was moderately soluble in cold ether and could be recrystal- 
lised very conveniently from this solvent, in large prisms of character- 
istic shape and appearance. Analysis proved it to be trimethyl 
xylose [Found: C = 50°02; H = 8°32; OMe = 48:2. Calc. for 
C;H,0,(OMe),, C = 50°00; H = 8:33; OMe = 48-4 per cent.]. 
The substance reduced Fehling’s solution and was stable to alkaline 
potassium permanganate solution. As originally isolated, the 
substance melted at 74—77°, but after one recrystallisation from 
ether the m. p. had risen to 87—90°. Further recrystallisation did 
not raise this figure, which may therefore be taken as corresponding 
with the pure «-isomeride. The following observations were made 
of the specific rotation of the twice recrystallised material : 


Solvent. 
Water, initial value 
final - 
Ethyl alcohol, initial 
fi 


nal 
Methy] alcohol, initial 
fin 


Owing to the very rapid rate of mutarotation in aqueous solution, 
the initial value of the specific rotation could not be observed. With 
ethyl alcohol, a catalyst was required to effect mutarotation, and 
with a trace of acid the change took place rapidly, the final value 
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being reached in thirty minutes. With ammonia as catalyst, 
mutarotation was very slow, requiring several hours for completion. 

Condensation of Trimethyl Xylose with Methyl Alcohol.—Crystal- 
line trimethyl xylose (0°1095 gram) was dissolved in 10 c.c. of 


es methyl alcohol containing 0°25 per cent. of hydrogen chloride, and 
"Y" Bf the rate of condensation followed polarimetrically. After forty- 


four hours at room temperature, no change in optical rotation had 


“ taken place, and in view of this extreme slowness of reaction at 
“" 15° the temperature was raised to 70° and the concentration of 
vith acid increased to 0°5 per cent. After eight hours in a sealed tube 


at this temperature, a permanent value, [«], + 49°8°, was recorded 
(c= 1182). This agrees well with the observed equilibrium value 
for «- and #-trimethyl methylxylosides ({[«], + 49°5°). At this stage 
the solution no longer reduced Fehling’s solution. 


ter Attempted Formation of an Anilide—In accordance with the 
ain standard method, the trimethyl xylose was boiled under reflux for 
ale five hours with an excess of aniline (5 mols.), dissolved in absolute 


alcohol. No crystals separated on cooling nor after removal of 


“ the greater part of the solvent. The excess of aniline was then 
ly removed by distillation in steam, the solution filtered, and evaporated 
ly to dryness under diminished pressure. Crystals separated in 
ted rosettes of needles and these, after recrystallisation from ether, 


were recognised as unchanged trimethyl xylose. No trace of an 
anilide was found at any stage of the experiment. 


Hydrolysis of the Mixture containing Excess of Trimethyl 
a-Methylxyloside. 


In this case, owing to the known difficulty of hydrolysing «-gluco- 
sides, it was considered advisable to avoid as far as possible con- 
ditions conducive to furfural formation, and accordingly sulphuric 
acid was used in place of hydrochloric acid, and less drastic temper- 
ature conditions were employed. ‘The syrup (2°7 grams), obtained 
as described above, was dissolved in 60 c.c. of 5 per cent. sulphuric 
acid, and the solution heated for seven hours in a boiling water-bath 
until the optical rotation, [«], + 12°, ceased to alter in value. 
The acid was neutralised with baryta, which occasioned a marked 
colour change, and the resulting neutral solution evaporated to 
dryness under diminished pressure. The viscous syrup thus isolated 
did not crystallise on nucleation with a specimen of trimethyl 
xylose, and it could not be induced to crystallise from ethereal 
solution. The compound was slightly acid in reaction, gave a 
considerable proportion of ash on incineration, was appreciably 
levorotatory ([«]p — 64°), and showed OMe = 32°3 per cent. 
The change of sign in the optical activity on neutralisation, together 
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with the ash content, would appear to indicate decomposition 
of the trimethyl xylose with formation of acid products. These 
changes have not so far been further investigated. 
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CCLXXIX.—The Velocity of Reaction in Mixed 
Solvents. Part III. The Influence of Temperature 
on the Velocity of Saponification of Esters. 


By Hamitton McComsiz, HAROLD ARCHIBALD SCARBOROUGH, and 
RicHaRD HARDCASTLE SETTLE. 


In Parts I and ITI of this series (T., 1921, 119, 970; this vol., p. 243), 
a study was made of the reaction between the ethyl esters of iso. 
butyric acid, benzoic acid, and mono-substituted benzoic acids 
and potassium hydroxide in a solvent consisting of alcohol and 
water. One of the characteristic features of the results obtained 
was that the curves showing the relation of the velocity constant 
to the percentage composition of the solvent were very similar and 
apparently independent of the nature of the ester. It was felt, 
however, that such a generalisation would not be justified until 
there was included the study of the reaction between the ethyl 
ester of a simple aliphatic acid and potassium hydroxide. Measure- 
ments have therefore been made with the ethyl esters of n-butyric 
and n-heptoic acids. 

It was hoped that a comparison between the ethyl esters of the 
ortho-substituted benzoic acids and the ethyl ester of pivalic 
(trimethylacetic) acid might lead to an explanation of the abnormal 
behaviour of the former series of esters; unfortunately, the amount 
of pivalic acid at our disposal was very limited, and we have not 
been successful in obtaining a sufficient quantity of the ester in 
the required state of purity. 

It has been pointed out (this vol., p. 252) that the curves showing 
the relation between the velocity constant and the percentage 
composition of the solvent are divisible into four linear phases 
which intersect at such percentage compositions as agree with 
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tion simple alcohol-water complexes. These complexes exist, it may 
be supposed, not only at one definite composition of the solvent, 
but also at any point of the phase as a dynamic equilibrium between 


the complex and one of the pair of solvents. An abrupt transition 


ws from phase to phase is not suggested and still less that the phases 
Ma intersect at a point, but rather that there is a gradual change 


extending over perhaps as much as 2 or 3 per cent. on either side 
of the theoretical point of intersection. It appears to us impossible 
to be more precise if we take into consideration the limited number 
of solvent mixtures that have been examined and, further, the 
degree of accuracy with which the measurements have been made. 
If the assumption, that the peculiar nature of these curves is 
due to the existence of simple complexes between ethyl alcohol 
and water, be correct, then confirmatory evidence may be expected 
from measurements of the physical properties of ethyl alcohol— 


re water mixtures. The evidence available is mainly from measure- 
ments of the refractive index, dielectric constant, heat of dilution, 
ad freezing point curve, and viscosity. This evidence is by no means 
consistent when even one physical property is under examination, 
and if we take into consideration the effect of temperature the 
3), Wf inconsistencies are very marked. 
0- Asummary is appended of the various complexes which are believed 
ds to exist and the measurements from which their existence is deduced. 
id In some cases it has been necessary to plot the values given and 
d calculate the points of discontinuity, so all measurements are referred 
at to alcohol-water mixtures expressed as percentage by weight. 
d Per cent. 
t, alcohol. Suggested complex. Measurement. * 
il 80 5C,H,-OH,3H,0 or 3C,H,-OH,2H,O Dielectric constant, vis- 
] cosity, refractive index. 
, 72-5 C,H,-0H,H,O Dielectric constant. 
‘ 60 3C,H,;-OH,5H,O Refractive index. 
C 56 C,H,-OH,2H,O Freezing point, viscosity. 
46 C,H,-OH,3H,O Dielectric constant, den- 
sity, viscosity. 
38 ca. C,H,-OH,4(5)H,O Viscosity. 
30 ¢,H,-OH,6H,O Dielectric constant, heat of 
dilution, freezing point, 
viscosity. 


* Dielectric constant (Z. physikal. Chem., 1894, 14, 296); density (Pogg. 
Annalen, 1869, 188, 121, 251); refractive index (Amer. Chem. J., 1908, 40, 
470); heat of dilution (Ann. Chim. Phys., 1892, [vi], 27, 525); freezing point 
(T., 1894, 65, 1015); viscosity (Ber., 1886, 19, 871; Annalen, 1862, 123, 
102; Compt. rend., 1903, 187, 993; T., 1904, 85, 823; 1909, 95, 1559). 

It will be seen from this summary that confirmatory evidence is 
obtained for the belief that the discontinuities in our curves are 
due to the formation of alcohol-water complexes. The existence 
of the complex C,H,*OH,3H,O is very strongly indicated in most 
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of the physical measurements, but from our determinations of the 
velocity of saponification of esters at 30° we have found that there 
is no evidence for the existence of such a complex. 

The influence of temperature on these complexes has been studied 
but little, except in the case of viscosity measurements, and here 
conflicting results have been obtained. Traube (Ber., 1886, 19, 
871) states that as the temperature is raised from 0° to 20° the 
maximum moves from 41 to 46 per cent. of alcohol and that a 
further rise of 10° causes no change in the maximum. Arrhenius 
(Z. physikal. Chem., 1887, 1, 285) states, however, that as the 
temperature is raised from 0° to 55° there is a change in the 
maximum from 36 to 50 per cent. of alcohol. These results are in 
strong contrast to those of Dunstan and Thole (T., 1909, 95, 1559), 
who find that the maximum is constant over a wide range of tem- 
perature but tends to become less pronounced. 

In order to obtain information as to the persistence of these 
complexes at definite points, we have examined the velocity of 
reaction between the ethyl esters of certain acids and potassium 
hydroxide in ethyl alcohol—-water mixtures over a range of 30°. 

The choice of esters which could be examined over a range of 
30° was limited by considerations of accuracy and the time necessary 
for about 60 per cent. of the ester to be saponified. It was con- 
sidered that the same esters need not be examined both at 15° 
and 45° in order to give results which are comparable, as it has 
been found that the nature of the ester is without influence except 
in the case of the ethyl esters of the ortho-substituted benzoic acids. 


EXPERIMENTAL. 


The determination of the velocity constants was carried out in 
the manner described in Part I, and the results are shown in Tables I 
and IT. 


TABLE I. 
Ethyl n-butyrate (b. p. 118°). Temperature 30°. 

Per cent. Limit 

alcohol. CKOH- Coser . k. 
95 0-06267 0-03333 0-0715—0-073 0-0725 
90 0-06429 aie 0-116—0-123 0-118 
85 0-03900 0-02222 0-150—0-159 0-153 
82-5 0-03756 ‘o 0-185—0-200 0-190 
80 0-04170 = 0-21—0-23 0-215 
70 0-04442 pm 0-24—0-26 0-25 
60 0-03909 o 0-32—0-345 0-33 
50 0-01585 0-O1L11 0-51—0-53 0-52 
45 0-01653 0-00741 0-60—0-63 0-625 
40 0-01142 0-00667 0-72—0-76 0-735 
35 0-01642 0-00833 0-85—0-87 0-86 
30 0-01053 0-00444 0-95—1-05 1-00 
25 * 0-01385 0-00667 1-4—1-6 1-50 
20 * 0-00623 0-00347 1-95—2-08 2-05 
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TaBLeE II. 

Ethyl n-heptoate (b. p. 95°/35 mm.). Temperature 30°. 

Per cent. Limit 

alcohol. CKOH- a k. k. 
95 0-06267 0-03333 0-079—0-083 0-080 
90 0-03898 0-02222 0-124—0-134 0-128 
85 0-04016 - 0-169—0-182 0-174 
82-5 0-04326 - 0-195—0-202 0-200 
80 0-04170 - 0-215—0-230 0-225 
70 0-04130 - 0-265—0-285 0-27 
60 0-05012 % 0-30—0-32 0-31 
50 0-01585 0-01111 0-435—0-46 0-45 
45 0-01766 0-00833 0-50—0-54 0-51 
40 0-01287 0-00667 0-57—0-60 0-59 
35 * 0-00536 0-00267 0-79—0-82 0-80 
30 * 0-00326 0-00144 1-02—1-11 1-06 


The preparation of a standard solution of both these esters in a 
solvent marked * was found to be difficult; the volume of solvent 
required for 0-2 gram of the ester was so large that the distinction 
between fine suspension and true solution was not always appre- 
cable. The results from two determinations of the value of k 
are recorded, but it is felt that these values should be used only 
as an indication of the direction of the curve. The critical points, 
determined from a study of the curves and also by mathematical 
analysis, are shown in Table III : 


TaBce III. 
Ester. Critical points (per cent. of alcohol) at 30°. 
Ethyl n-butyrate ............0 80-7 59-0 30 ca. 
me WMOPCORGS cccccccrasccces 80-6 60-0 — 


These values show that the esters of the simple aliphatic acids 
give percentage compositions for the critical points which correspond 
closely with those previously obtained with other esters. 

A noticeable feature in the results is that ethyl n-heptoate is 
saponified more rapidly than ethyl n-butyrate in a solvent con- 
taining more than 60 per cent. of alcohol. The difference in velocity 
is not large, but it persists in every measurement and is greater 
than could be accounted for by experimental error. This is a 
reversal of what might be expected from a consideration of the 
results obtained by Reicher (Annalen, 1885, 228, 283), who studied 
the velocity of saponification of the ethyl esters of some of the 
lower members of the aliphatic acids with sodium hydroxide in 
aqueous solution and found that k& diminished with increasing 
length of the carbon chain (Table IVa). 

In a solvent containing less than 60 per cent. of alcohol ethyl 
n-butyrate is saponified more rapidly than ethyl n-heptoate, and 
is thus in accord with Reicher’s results. 


MCCOMBIE, SCARBOROUGH, AND SETTLE : 
TABLE IVa. TABLE IVb. 


Per cent. kao. kg 
Ester. aeea’ alcohol. n-Butyrate. n-Heptoate, 
Ethyl acetate 3- 95 0-080 
ropionate 2-8: 90 . 0-128 
utyrate 7 85 15% O-1i4 
isobutyrate ° 82-5 “If 0-200 
isovalerate . 80 21! 0-225 
benzoate “8: 70 “2: 0-27 
60 “De 0-31 


The Influence of Temperature. 


The esters chosen for examination at 15° were ethyl o-chloro. 
benzoate, ethyl p-chlorobenzoate, and ethyl n-butyrate; and at 
45°, ethyl o-iodobenzoate, ethyl p-toluate, and ethyl isobutyrate, 
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In each case there is a representative aliphatic and aromatic ester 
and also an ester of the abnormal ortho-substituted aromatic type. 

The measurements at 15° were carried out exactly in the manner 
described for those at 30°. The thermostat was regulated to 
+ 0-05° by an Ostwald type of regulator or by a regulator admitting 
ice-cooled water to the thermostat. 

The procedure in making the measurements at 45° had to be 
modified, as it was feared that appreciable changes in the com- 
position of the solvent might occur if the flask were opened some 
ten or eleven times during the course of the reaction. Therefore 
the reaction mixture was made up and kept at 15° or slightly 
below this temperature and 10 c.c. of this mixture were transferred 
to a 30 c.c. conical flask previously immersed in the thermostat, 
and the flask was immediately stoppered. The commencement of 


THE VELOCITY OF REACTION IN MIXED SOLVENTS. PART UI. 2313 


a the reaction was assumed to be that time at which delivery was 
*ptoate. # made into the flask. The division of the reaction mixture into two 
br portions gave a maximum time of four minutes between mixing 
Lit and transference to the thermostat. A blank experiment showed 
that 10 c.c. of the reaction mixture run into the previously warmed 
27 flask attained a temperature of 45° in thirty seconds after delivery 
31 from the pipette. The small flasks were removed from the thermo- 
stat, acid was run in to within about 0-5 c.c. of the end-point, and 
then the titration finished. 
hloro. The possible errors arising from this method of calculating the 
nd at F commencement of the reaction may influence the actual value of 
yrate. I the constant to a very slight extent, but it was found that the 


constants as determined from ten experimental flasks were in closer 
agreement with one another than in the measurements at 30°, 
and comparative experiments gave deviations, from a mean value, 
of about -++ 2 per cent. actual. 

The results are shown in the following tables (V—XII) and 
in the curves : 


< TABLE V. 

8 ° 

. Ethyl n-butyrate. Temperature 15°. 

$ Per cent. Limit 

5 alcohol. CKOH: Cites k. k. 

4 90 0-04098 0-02222 0-0276—0-0286 0-0283 

2 85 6-04051 im 0-0388—0-0412 0-040 

> 82-5 0-05180 de 0-0438—0-0460 0-045 

] 80 0-04287 om 0-054—0-060 0-055 
70 0-04240 us 0-078—0-081 0-079 

3 60 0-03962 Be 0-107—0-114 0-110 
50 0-04270 a 0-167—0-176 0-172 
45 0-04238 vi 0-209—0-220 0-214 
40 0-04847 As 0-243—0-250 0-245 
35 0-02168 0-01333 0-355—0-375 0-365 

32-5 0-02329 0-01044 0-41—0-43 0-415 

ester 30 0-02787 0-01333 0-44—0-475 0-465 

pe. 25 0-02492 0-01111 0-755—0-78 0-77 

nner 20 0-02564 ‘. 1-04—1-11 1-06 

| to TABLE VI. 

ting Ethyl p-chlorobenzoate. 'Temperature 15°. 

Per cent. Limit 

» be alcohol. CKOH: Gea C. k. 

om- 90 0-06592 0-03333 0-044—0-046 0-045 

ast 85 0-06436 ie 0-060—0-063 0-0615 

F 82-5 0-06265 a 0-072—0-073 0-0725 

ore 80 0-06020 és 0-075—0-077 0-0765 

atly 70 0-07036 99 0-096—0-104 0-098 

aod 60 0-05890 0-02222 0-119—0-124 0-120 

50 0-04719 0-03333 0-162—0-171 0-166 

tat, 45 0-05045 0-02222 0-189—0-195 0-193 

of 40 0-04163 0-01333 0-216—0-230 0-220 
35 0-01681 0-00500 0-30—0-324 0-31 


30 0-01764 0:00667 0-41—0-425 0-42 
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TaBLeE VII. 
Ethyl o-chlorobenzoate. Temperature 15°. 

Per cent. Limit 

alcohol. CKon: Coster . Eg. 
90 0-06592 0-03333 0-032—0-033 0-032 
85 0-06436 “ 0-0385—0-0395 0-039 
82-5 0-06265 ‘ie 0-0415—0-043 0-042 
80 { 0-05871 ie 0-0515—0-054 eons * 

0-06035 ‘ 0-044—0-046 0-045 

70 0-07036 - 0-044—0-046 0-0455 
60 0-05890 0-048—0-0495 0-049 
50 0-04719 a 0-064—0-068 0-067 
45 0-05045 sin 0-081—0-0845 0-0825 
40 0-04163 0-02222 0-091—0-0945 0-092 
35 0-02241 0-01111 0-131—0-142 0-134 
32-5 0-01757 0-00688 0-158—0-170 0-162 
30 0-02787 0-01111 0-188—0-195 0-192 
25 0-00393 0-00192 0-355—0-380 0-37 
20 0-00343 0-00167 0-515—0-540 0-535 


* It will be noticed that two values are given for the constant obtained 
with a solvent containing 80 per cent. of alcohol. Both results have been 
confirmed. This peculiar behaviour has been observed also in the case of 
ethyl o-bromobenzoate in the same solvent at 30°. 


A consideration of the results given in Tables V—VII, together 
with the curves, shows that the general character of the curves, 
for the same esters, is the same as at 30°. At the latter tem- 
perature, a phase exists from 40 to 60 per cent. of alcohol, but 
below 40 per cent. the curve swings slowly up to 35 per cent. and 
then more steeply to 30 per cent. of alcohol. It is found that at 
15° there is between k and the composition of the solvent a linear 
relationship existing between 40 and 30 per cent. of alcohol which 
has been confirmed by a determination at 32-5 per cent. of alcohol. 
Thus at 15° the evidence seems to point to the existence of the 
following complexes : 


TABLE VIII. 


Ester. Critical points (per cent. alcohol) at 15°. 
Ethyl n-butyrate ..............6006 80-2 59 39-5 30 
»  p-chlorobenzoate ......... 81-5 58 38-7 
» 0-chlorobenzoate ......... 80-5 62-5 38-6 30 


The values found for the critical points are substantially those 
found at 30° with the addition of the point at 39 per cent. of alcohol. 
This composition of the solvent corresponds with a complex 
C,H,*OH,4H,0, the probable existence of which has been predicted 
from viscosity measurements. 

A consideration of the results given in Tables IX—XI, together 
with the curves, shows that the general character of the curves is the 
same for the same esters at 45° as at 30°. A marked dissimilarity 
occurs, however, in that at 45° there is one phase only between 
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TABLE IX. 


Ethyl isobutyrate. Temperature 45°. 
Per cent. Limit 
alcohol. CKon- Coster k. k. 
90 0-04093 0-02222 0-126—0-137 0-134 
85 0-04240 és 0-191—0-197 0-195 
2-5 0-03971 7 0-212—0-225 0-217 
80 0-04093 9 0-246—0-254 0-252 
70 0-03380 0-01667 0-306—0-336 0-32 
60 0-02467 0-01333 0-36—0-38 0-37 
50 0-01437 0-00667 0-62—0-67 0-64 
47-5 0-01300 ve 0-75—0-77 0-76 
45 0-02712 on 0-795—0-85 0-82 
40 0-01182 0-00391 0-95—1-07 ‘1-00 
35 0-01200 - 1-20—1-34 1-26 
30 0-00626 - 1-50—1-65 1-57 
25 0-00312 0-00167 2-25—2-36 2-3 
TABLE X. 
Ethyl p-toluate. Temperature 45°. 
Per cent. Limit 
alcohol. CKOH- Cester: k. &. 
90 0-04135 0-02222 0-0815—0-0848 0-083 
85 0-04093 ‘ 0-098—0-102 0-100 
82-5 0-04629 Pe 0-107—0-113 0-110 
80 0-03986 os 0-127—0-133 0-130 
70 0-03986 * 0-164—0-170 0-168 
60 0-03518 0-01667 0-192—0-198 0-196 
50 0-02635 0-01333 0-234—0-242 0-238 
47-5 0-02617 ms 0-277—0-295 0-285 
45 0-02712 9 0-321—0-330 0-328 
40 0-02816 0-O1111 0-333—0-342 0-336 
35 - 0-01509 0-00750 0-455—0-480 0-465 
30 0-01549 0-00667 0-64—0-68 0-65 
TABLE XI. 
Ethyl o-iodobenzoate. Temperature 45°. 
Per cent. Limit 
alcohol. CKOR: Cester: be k. 
90 0-03870 0-02222 0-160—0-167 0-163 
85 0-03840 99 0-178—0-183 0-180 
82-5 0-03369 0-02500 0-181—0-185 0-183 
80 0-03220 0-02222 0-185—0-194 0-190 
70 0-04412 0-02500 0-220—0-229 0-222 
60 0-03318 0-01818 0-246—0-256 0-250 
50 0-03542 0-02045 0-265—0-273 0-270 
47-5 0-02617 0-01667 0:294—0-301 0-296 
45 0-03662 0-02045 0-340—0-350 0-345 
40 0-02214 0-00818 0-35—0-37 0-36 
35 0-01653 0-00750 0-47—0-485 0-48 
30 0-00975 0-00432 0-655—0-685 0-675 


50 and 80 per cent. of alcohol and then a marked break occurs 
between 45 and 50 per cent. of alcohol. This break has been 
confirmed by a determination in a solvent containing 47:5 per cent. 
of alcohol. 
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It would appear from these determinations that at 45° the 
following complexes may exist : 


TaBLe XII. 
Ester. Critical points (per cent. alcohol) at 45°, 
Ethyl isobutyrate —.............4. 81-2 47 30 ca. 
sa. MOREE... onansconecesescene 81-5 45-7 
»  0-iodobenzoate ............ 81-2 45-7 


The critical point at about 80 per cent. of alcohol is in agreement 
with the values found at 15° and 30°. 

The point of intersection occurring at 59 per cent. of alcohol 
(62-5 per cent. of alcohol in the case of the ortho-substituted 
aromatic esters) at 15° and 30° has disappeared at 45°; the two 
phases which intersected at this point at the lower temperatures 
did not differ greatly in slope, yet the point of intersection occurred 
within a range of 2-5 per cent. and persisted for a large number of 
esters. As a result of the order in which the various measurements 
were made, a similar change in direction in the curve was expected 
at 45°, since the values of & in 80, 70, and 60 per cent. alcohol were 
found to lie on a straight line and the values of k in 60, 45, and 40 
per cent. alcohol were found to form a second straight line. In 
order that a point of intersection should occur at 60 per cent. of 
alcohol, it would be necessary that the value of k in 50 per cent. 
alcohol should lie on the second straight line, whereas it was found 
that, on extrapolation, the first line passed through this value 
of k. This unexpected result was confirmed by check determinations 
and by a determination of & in 47-5 per cent. alcohol; a marked 
break in the curve has been discovered at 46 per cent. of alcohol. 

The complex represented by the composition 46 per cent. alcohol 
would be C,H,;-OH,3H,O, a complex for the existence of which 
exceptionally strong evidence is available. The appearance of this 
complex has led to a reconsideration of the results at 15° and 30° 
to see if such a break in the curve has been missed, but it was 
found that the change in direction at 59 per cent. of alcohol 
would tend to mask any peculiarities at 46 per cent. of alcohol to 
such an extent that they would be accounted for as experimental 
error. 

A consideration of the values obtained for the critical points 
at each of the three temperatures shows that only those points 
occurring at 80 and 30 per cent. of alcohol persist over the range 
of 30°, and are equally well marked at the higher as at the lower 
temperature. The complex represented by the composition 30 per 
cent, of alcohol must exist over a wide range of temperature, since 


° the 
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its existence is deduced from the freezing-point curve for alcohol 
and water mixtures, and such a mixture has a freezing point of 
about — 20°. 

The critical point at 62-5 per cent. of alcohol is peculiar to the 
ortho-substituted aromatic esters and is very well defined at 15° 
and 30°, but is not apparent at 45°, which would seem to indicate 
that the complex 2C,H,*OH,3H,O is not capable of existing at a 
temperature approaching 45°. 

There are two possible complexes, 3C,H,-OH,5H,O and 
(,H,-OH,2H,0, which could exist within the compositions 60-5 
and 56 per cent. of alcohol, and the slight change of slope in the 
curve at 15° and 30° renders a decision very difficult; the results 
in this work seem to indicate the first possibility, and other physical 
measurements the second. It is evident, however, that the 
stability of these complexes is not great, since at 45° the curve 
shows no break or change of direction. 

The complex C,H,*OH,3H,0 is apparent only at 45° in these 
measurements possibly on account of the reasons given previously, 
but the evidence from other sources leaves little doubt that this 
complex is stable over a wide range of temperature. 

A study of viscosity data shows that a rather indefinite complex 
of the composition C,H,-OH,4(5)H,O exists at 25°, and the curves 
seem to confirm the existence of such a complex at the temperature 
of 15°. 

Summary. 

1. The curve showing the relation between the value of k and 
the percentage composition of the solvent is divisible into a series 
of straight lines. ‘ ; 

2. The points of intersection of these straight lines occur at such 
compositions of the solvent as correspond with simple alcohol- 
water complexes. 

3. Six alcohol-water complexes seem to be indicated by the 
results, the compositions being 5C,H;-OH,3H,O, 2C,H,-OH,3H,O, 
30,H ,-OH,5H,O, C,H;-OH,3H,O, C,H;-OH,4H,0, and 

C,H,-OH,6H,0. 

4. The complex formed does not depend on the nature of the 
ester except in the case of the ortho-substituted aromatic esters, 
where a complex, 2C,H,-OH,3H,O, appears to be formed in pre- 
ference to the complex 3C,H,-OH,5H,0. 

5. The stability of a complex appears to be dependent on the 
temperature, since the complex C,H,;-OH,4H,O is not observed at 
30° and the complexes 3C,H,-OH,5H,O and 2C,H,;-OH,3H,O are 
not apparent at 45°. 

6. The temperature coefficient is dependent on the composition 
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of the solvent, falling steadily as the percentage of water is increased 
until a minimum value of 2 per 10° is reached. 


The authors wish to express their thanks to Mr. A. E. Cashmore 
for undertaking the measurements with ethyl o-iodobenzoate and 
also for numerous confirmatory measurements, and to the Govem. 
ment Grant Commitice of the Royal Society for a grant which has 
helped to defray the expenses of this work. 
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CCLXXX.—The Constitution of Carbamides. Part XIV. 
The Decomposition of Urea by Sodium Hypobromite 
in Alkaline Solution, and an Improved Procedure 
for the Estimation of Urea by this Means. 


By Emm ALPHONSE WERNER. 


WHEN urea is decomposed by ‘alkaline hypobromite,’ under 
the conditions usually adopted, it is well known that the change 
represented by the equation 


(1) CON,H, + 3NaBrO + 2NaOH = 
N, + Na,CO, + 3NaBr + 3H,0, 


is not quantitatively realised in practice. 

A deficiency, roughly of 8 per cent., in the volume of nitrogen 
evolved was the first failing recognised. 

Fenton (T., 1878, 33, 300; 1879, 35, 12) and Foster (T., 1879, 
35, 120) showed that this was due to the fixation of a portion of 
the nitrogen as alkali cyanate during the progress of the reaction. 
Fauconnier (Bull. Soc. chim., 1880, [ii], 33, 103) directed attention 
to the formation of a small amount of nitric acid during this decom- 
position of urea. Luther (Z. physiol. Chem., 1889, 13, 500) claims 
to have shown that from 3 to 4 per cent. of the nitrogen was oxidised 
to nitric acid when urea was decomposed by an excess of barium 
hypobromite. From the results recorded in the present paper, it 
is certain that this amount of nitrogen was not ‘ fixed’ as nitrate 
when urea was decomposed by sodium hypobromite in alkaline 
solution. 

Whilst Krogh (Z. physiol. Chem., 1913, 84, 379) noted the presence 
of carbon monoxide as a product of the reaction, Hurtley (Biochem. 
J., 1921, 15, 11) showed that the gas evolved from a 2 per cent. 
solution of urea, when attacked by ‘ hypobromite’ of the usual 
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strength, contained on an average 0-7 per cent. of carbon monoxide. 
Since this approximately compensates for the nitrogen fixed as 
nitrate, it is obvious that, so far as the estimation of urea is con- 
cerned, the formation of alkali cyanate is the chief disturbing 
effect in the reaction. 

Considering the numerous investigations which this decom- 
position of urea has called forth during the last forty years, it 
js curious that no attempt has hitherto been made to determine 
directly the volume of nitrogen fixed during the reaction as alkali 
cyanate. The fact that the formation of the latter has not received 
the full attention it deserves—particularly from continental in- 
vestigators—is no doubt responsible for this important omission. 

It is obvious that, since a cyanate is produced, neither the amount 
of carbonate formed nor the amount of ‘ hypobromite ’ destroyed 
could give a result in agreement with the requirements of the above 
equation (1). Dekeuwer and Lescceur (Compt. rend. Soc. Biol., 
1919, 82, 445), apparently without considering this point, have 
confirmed the fact by direct experiments, whilst Brahm (Chem. 
Zentr., 1919, iv, 442) advocates the rejection of all methods for 
the estimation of urea which are based on its reaction with ‘ alkaline 
hypobromite.’ 

The author is not prepared to go so far, since the following pro- 
cedure has been found to give almost theoretical results. 

Two operations being necessary, a nitrometer is the most con- 
venient form of apparatus to use. 

The solution of urea is added in the usual manner to a small 
excess of ‘alkaline hypobromite’ contained in the nitrometer. 
After about twenty minutes the volume of gas evolved, having 
been carefully recorded, is expelled from the nitrometer. Sulphuric 
acid (1 in 5 of water) is now added to the residual liquid until the 
latter, after careful mixing, shows the permanent presence of free 
bromine. The carbon dioxide liberated from the solution by this 
treatment must not * be expelled from the apparatus. After 
fifteen minutes, to allow for hydrolysis of the cyanic acid set free, 
in accordance with the change 


(2) NaOCN + H,O + 2HX = NH,X + NaX + CO,, 


sodium hydroxide solution (30 per cent.) is added in excess. Whilst 
this regenerates ‘hypobromite’ from the free bromine present, 
it is nevertheless advisable to add a small quantity of the reagent 
to the residual solution. After complete absorption of the carbon 


* During the process of adding the acid, and mixing the solution, reactions 
(2) and (3) take place to a small extent, and hence there is loss of some nitrogen 
if the gas is expelled. 
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dioxide, the volume of the gas produced, as a result of the 
reaction 


(3) 2NH,X + 3NaBrO + 2NaOH = N, + 3NaBr + 2NaX + 5H,0, 


is added to the volume of nitrogen recorded in the first stage. In 
the table of results given below, the two stages are referred to as 
(a) and (b) respectively. 
In each case 0-06 gram of urea was used, equal to 22-4 c.c. N, at 
N.T.P. 
TABLE I. 


Urea C.c. of gas at N.T.P. Percentage of total 
Expt. per cent. (a) (6). Total. N. in urea, 
1 20-44 1-84 22-28 99-46 
2 20-48 1-88 22-36 99-82 
3 20-52 1-82 22-34 99-75 
6 20-10 2-30 22-40 100-00 


Allowing for the presence of a small quantity of carbon monoxide 
in the gas evolved in stage (a), it is evident from the above results 
that the amount of nitrogen fixed as nitrate cannot be more than 
about 1 per cent. 

The question arises : Can the formation of cyanate be suppressed ! 
Duggan (J. Amer. Chem. Soc., 1882, 4, 47) obtained volumes of gas, 
assumed to be pure nitrogen, varying from 99-02 to 99-91 per cent. 
of the theoretical, by generating the ‘hypobromite’ in situ with 
urea. Le Comte (J. Pharm. Chim., 1903, [vi], 17, 471) claims to 
have obtained all the nitrogen of urea by a similar procedure. 

The following results were obtained when the method proposed 
by Duggan was completed by the addition of the second stage. 
In each experiment 0-06 gram of urea was dissolved in 20 per cent. 
sodium hydroxide solution, after which bromine was added in 
amount as recommended by Duggan. 


TABLE II. 


Urea C.c. of gas at N.7'.P. Percentage of total 
Expt. per cent. (a). (d). Total. N. in urea. 
0-5 21-81 P 22-63 101-0 
1-0 21-54 , 22-43 100-1 
2-0 21-63 ; 22-58 100-8 
3-0 21-87 : 22-53 100-5 


Whilst the formation of cyanate is considerably suppressed when 
the ‘ hypobromite’ is generated in the alkaline solution of urea, 
the reaction under such condition is extremely violent. All 
observers agree on the point that excess of alkali promotes the 
decomposition of urea by hypobromite, and Krogh and Hurtley 
(loc. cit.) showed that the volume of carbon monoxide evolved 
increased with the alkalinity of the reagent. 
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The excess of gas over the theoretical value for nitrogen in the 
above experiments was due to this fact. 


5,0, 
In § The Decomposition of Urea by Alkaline Hypobromite in the Presence 
to as of Dextrose. 


Méhu (Compt. rend., 1879, 89, 175) claimed that all the nitrogen 
(?) of urea was evolved when the decomposition by ‘ alkaline 
hypobromite ’ was effected in the presence of dextrose. Supported 
by the fact that the sugar alone does not evolve any gas when 
mixed with the reagent, M¢hu’s procedure has been adopted in 
certain quarters for the estimation of urea, on the assumption 
that dextrose enhances the evolution of nitrogen. The following 
results clearly prove that it does nothing of the kind. 

Pure dextrose was added to 0-06 gram of urea in 3 c.c. of water: 
after which an excess of alkaline * hypobromite was added, the 
experiments being completed by the addition of the second stage. 
Theoretical yield of N, = 22-4 c.c. at N.T7.P. 


f total 
a. 


TABLE III. 


sed ? 
Percentage 

gas, C.c. of gas at N.7'.P. of total N. 
ent. Expt. Urea. Dextrose. (a). (0). Total. in urea. 
with 1 0-06 nil 20-42 1-84 22-26 99-37 

2 ais 0-06 20-88 1-96 22-84 101-96 
S$ to 3 a 0-12 21-34 1-93 23-27 103-88 

4 a 0-18 21-92 1-97 23-89 106-65 

5 0-24 22-34 1-92 24-26 108-30 


It will be seen that whilst the addition of dextrose leads to a 
proportionate increase in the volume of gas set free in the first 
stage, its presence has practically no effect on the volume of gas 
liberated in the second stage. Therefore, since dextrose does not 
prevent the formation of cyanate, it cannot promote evolution 
of nitrogen which is fixed from this cause during the primary re- 
action. The gradual increase in the volumes of gas under (a) was 
due to carbon monoxide, the presence of which was proved by the 
usual tests for this gas. Whilst it is true that no carbon monoxide 
was evolved when alkaline hypobromite was added to dextrose 
alone, that is, within a reasonable lapse of time, this gas was always 
generated in appreciable quantity when a salt of ammonia was 
decomposed by the reagent in the presence of dextrose. This is 
an interesting point, since more or less cyanic acid is formed, as a 
result of the reaction 


(4) CO + NH, + O = NH:CO + H,0O. 


* Since oxidation of the sugar gives rise to much carbon dioxide, the 
absorption of this gas was ensured by adding a little extra alkali. 
VOL. CXXI. 4K 
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By means of the method adopted for stage (6), the amount of 
cyanic acid generated in this way was easily determined. 

The results given below were obtained by adding an excess of 
alkaline hypobromite to 0°0535 gram of ammonium chloride, and 
the stated amounts of dextrose, dissolved in 3 c.c. of water. A 
control experiment with the ammonium salt alone was made for 
comparison, since the theoretical yield of nitrogen was not evolved, 
on account of the fixation of a portion as nitrate. Theoretical 
yield of N, = 112 c.c. at N.T.P. 


TABLE IV. 
Calculated 

on percentage 

C.c. of gas at N.T.P. of nitrogen in 
Expt. NH,Cl. Dextrose. (a). (6). Total. NH,CL. 
1 0-0535 nil 10-95 no gas 10-95 97-76 
10-58 0-80 11-38 101-60 
10-35 1-29 11-64 103-96 
10-22 1-87 12-09 107-94 
10-11 2-13 12-24 109-28 


When compared with the results given in Table III, it will be 
seen that in spite of the fact that the gas evolved in stage (a) con- 
tained carbon monoxide (except experiment 1), the volume of 
gas diminished as the proportion of dextrose was increased. The 


results of stage (b) prove that this was due to the relatively large 
proportion of nitrogen fixed as cyanate in accordance with equation 
(4). In the case of experiment 5, for example, 18°99 per cent. of 
the theoretical yield of cyanic acid was generated during the decom- 
position of the ammonium salt in the presence of the stated amount 
of dextrose. If the reaction under consideration is essentially an 
oxidation change, this result goes to show that a strong tendency 
must exist towards the realisation of equation (4). On the other 
hand, since alkaline hypobromite must act as a brominating agent 
as well, the formation of cyanic acid in the manner 


CO + NH,Br + NaOH — CO:NH + NaBr + H,0 


must not be overlooked. 

Any compound capable of yielding ammonia during its decom- 
position by ‘alkaline hypobromite’ would obviously tend to 
generate cyanic acid in the presence of dextrose. On comparing 
the values for stage (b) in experiments 1, 2, and 3 (Table I), with 
those in Table ITI, it will be seen that, all other conditions being 
equal, or nearly so, the proportion of nitrogen fixed as cyanate 
was distinctly higher when dextrose was present. Thus in this 
respect the sugar exerts a function the very opposite of that which 
it has been supposed to possess. 
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Considering that any easily oxidisable carbon compound is liable 
to give more or less carbon monoxide by the action of ‘ hypo- 
promite,’ the discordant results which have been obtained in the 
estimation of urea in urine by this method are not surprising. 

An example of the results obtained with a sample of normal 
urine, When stage (b) was applied, is given below. 


A. Urine (3 c.c.) added to excess of ‘ hypobromite.’ 
B. Hypobromite in excess added to urine. 
Vol. of gas at N.T.P. 
Total. Urea, per cent. 
A. (a) = 21-90 c.c. (6) = 2-89 c.c. 24-79 c.c. 2-21 
B. (a) = 21-68 ,, (6) = 2-82 ,, 24-50 ,, 2-18 
Comparing the results with those for a 2 per cent. solution of 
urea (expt. 2, Table I), it is found that whilst with urine the ratio 
of nitrogen fixed as cyanate to nitrogen evolved in stage (a) is 
1: 7°57, it is 1 : 10°89 in the case of the plain urea solution. Whilst 
this difference has been confirmed by a number of experiments, 
the fact is merely recorded here. Its significance will be dealt 
with on another occasion. 


Urea and Neutral Hypobromite Solution. 


Sixteen grams of bromine were added to 50 c.c. of 4N-sodium 
hydroxide solution cooled to 0°; 15 c.c. of the solution were added 
to 0°06 gram of urea in 2 c.c. of water contained in the nitrometer. 
No gas was evolved after the mixture had remained for five minutes. 
On the addition of 2 c.c. of sodium hydroxide solution (20 per 
cent.), there was an immediate brisk evolution of gas equal to 
121¢.c. at N.7.P. The yellow colour of the solution was destroyed 
and excess of urea remained. Had sodium hypobromite been 
formed in theoretical yield according to the equation 2NaOH + 
Br, = NaBrO + NaBr + H,0, 1°5 c.c. of the solution, after 
addition of alkali, would have sufficed to decompose the whole 
of the urea taken. The result shows that only slightly more than 
5 per cent. of the theoretical amount of ‘hypobromite’ was 
formed. The estimation of the latter by the addition of an excess 
of urea is a more accurate process than the reverse operation, since 
the only source of error is due to the small amount of carbon- 
monoxide evolved. 

Sixteen grams of bromine were added to 50 c.c. of 8N-sodium 
hydroxide solution, that is, to give NaBrO:2NaOH; 2 c.c. of the 
solution were more than sufficient to decompose 0°06 gram of 
wea. The results obtained were: stage (a) = 19°9 c.c., stage 
(6) = 2°45 c.c., equal to 99°77 per cent. of the theoretical. 


Thus whilst an excess of alkali is necessary to promote the form- 
4K2 
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ation of the theoretical yield of sodium hypobromite as represented 
in the above equation, it is also essential to initiate the decom. 
position of urea. Neutral ‘hypobromite’ does not liberate 
nitrogen from urea in the cyclic form. A change to the configur. 
ation HN:C(OH)-NH, must precede the decomposition, which js 
no doubt the result of bromination, hydrolysis, and oxidation 
following each other with such great velocity as to be practically 
simultaneous. 

When the reaction is slowed down, the proportion of cyanate 
formed is considerably increased, as shown by the following result, 
An excess of neutral ‘ hypobromite ’ was added to 0°06 gram of 
urea in 2 c.c. of water. No gas was evolved. Sodium hydroxide 
solution (20 per cent.) was gradually added until evolution of gas 
ceased. 

Result: (a) = 15°74 c.c., (b) = 692 ec. at N.T.P. Total = 
22°66 c.c., or 101°1 per cent. of total nitrogen of urea. Approxim- 
ately 30 per cent. of the nitrogen was fixed as cyanate during the 
decomposition of urea in stage (a) under the above conditions. 
The presence of carbon monoxide was responsible for the excess 
of gas over the theoretical. 


The Mechanism of the Urea—Hypobromite Reaction. 


So far as the mechanism of this reaction is concerned, whilst 
rapid decomposition of an unstable bromourea formed in the first 
instance gives rise no doubt to the products of the main change, 
it is evident that the tendency of urea to decompose into ammonia 
and cyanic acid is a prominent feature of the reaction. The change 
in this direction is promoted by a low concentration of alkali, 
whereby the velocity of the reaction is reduced. 

Schestakov’s discovery (J. Russ. Phys. Chem. Soc., 1905, 37, 1) 
that hydrazine is formed when urea is attacked by alkaline 
sodium hypochlorite at about 5° has led to the suggestion that 
the oxidation of this substance represents the ultimate source of 
the nitrogen in the decomposition of urea by hypochlorites, or 
hypobromites in alkaline solution under the conditions usually 
employed. This view is not in agreement with the fact that the 
nitrogen fixed as cyanate is greatly increased when the velocity 
of the reaction is slowed down. As a matter of fact, sodium 
cyanate was formed in considerable amount in several repetitions 
of Schestakov’s experiment.* The evidence is in favour of the 


* With respect to the large yield of hydrazine claimed by Schestakov, 
this has never been confirmed. Experiments made in the author’s laboratory 
gave a very much smaller quantity than that stated. This appears to have 
been the experience of others (compare Fenton, Ann. Reports, 1905, 2, 96). 
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yiew that hydrazine is the -product of a secondary reaction. For 
this reason the author is not inclined to give the attention which 
Hurtley (loc. cit.) has given to its formation in explaining the origin 
of carbon monoxide during the decomposition of urea by ‘ hypo- 
bromite.’ A bromourea generated in the presence of alkali could 
have but an ephemeral existence. Simultaneous hydrolysis and 
oxidation would complete its decomposition, according to the 
equation 


HN:C(OH)-NHBr + 0, -+ NaOH = N, + CO, + NaBr + 2H,0. 


During the violent disruption of such a compound, it is conceivable 
that by-products may arise as a result of its direct decomposition 
in two different directions, thus : 


(1) HN:C(OH)-NHBr —> (HO-CN = HNCO) + NH,Br. 
(2) HN:C(OH)-NHBr —> HBr + +**HN-CO-NH*. 


Hydrolysis of ***HN-CO-NH:*> at the moment of its generation 
would give rise to carbon dioxide and hydrazine, whilst incomplete 
oxidation would be represented by the change **-HN-:CO-NH*: + 
0=N,+CO-+H,0. In the case of Schestakov’s experiment, 
the formation of hydrazine from the interaction NH, + NH,Cl = 
N,H,,HCl must not be overlooked. It is during a violent reaction 
that one would expect carbon monoxide to escape oxidation. The 
facts support this conclusion. Krogh (loc. cit.) found a greater 
evolution of carbon monoxide when the ‘ hypobromite ’ was very 
rich in alkali, and Hurtley (loc. cit.) showed that much less of this 
gas was present with the nitrogen evolved from the decomposition 
of urea by a hypochlorite than by a hypobromite. 


Universiry CHEMICAL LABORATORY, 
Trinity COLLEGE, DUBLIN. [Received, August 26th, 1922. 


CCLXXXI—The Ultra-filtration of Soap Solutions : 
Sodium Oleate and Potassium Laurate. 


By James WitiiaM McBain and WILLIAM JoB JENKINS. 


Tue method of ultra-filtration as developed in the present paper 
not only supplies an independent check on data observed by other 
means, but also results in extensive additions to our knowledge 
of soap solutions. It will be shown that quantitative information 
with regard to the following may be obtained by the proper 
application of this method : 

1. The relative amounts of crystalloid and colloid present. 

2. The osmotic pressure of the solutions. 

4 k* 
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3. The hydrolysis of soap in solution. 

4. A general method of determining the hydration of colloids 
in solution. 

5. The theory of ultra-filtration. 

6. The separation of ionic micelle from neutral colloid, and 
determination of the composition of the ionic micelle and the 
diameter of the various colloidal particles. 

The subject-matter will be dealt with in the foregoing order, 
after description of the experimental method and a brief account 
of the theory involved. It will be seen that the results afford 
striking evidence in support of the theory of colloidal electrolytes, 
It is necessary very carefully to examine the experimental basis 
of all such work in view of the remarkably discordant conclusions 
of such investigators as Jacques Loeb, Pauli, Bancroft, Martin 
Fischer, Brailsford Robertson, and ourselves. Carefully estab- 
lished data should be of permanent significance. 


The Ultra-filter. 


The design of the ultra-filter finally employed is shown in Fig. 1, 
which is a working drawing drawn to scale. It is a development 
of Hatschek’s modification of that of Bechhold (“ Laboratory 
Manual of Elementary Colloid Chemistry,” Hatschek, 1920, p. 70). 
It was designed for use with much higher pressures than any 
hitherto employed; it may be surrounded by a thermostat, and 
the filtrate collected out of contact with the atmosphere or carbon 
dioxide. Finally, it lends itself to testing for absence of leakage 
and determination of the size of pores in the membrane without 
disturbing the latter, merely by removing the funnel underneath. 
The filter is 6} inches in external diameter and is designed for pres- 
sures up to 900 lb. per square inch, but it was used up to pressures 
of only 500 lb. per square inch (thirty-three atmospheres) ; a higher 
pressure, such as 100 atmospheres, would be distinctly advan- 
tageous. It is made of heavily nickel-plated phosphor-bronze, and 
has a capacity of about 250 c.c., about 70 c.c. of soap solution 
being actually employed. The perforations in the filter plate 
consist of four holes, 1 inch in diameter (not shown in Fig. 1), around 
the centre hole, which is half an inch in diameter. The mem- 
brane was supported on nickel gauze, and }-inch rubber washers 
were used to render the joints air-tight. A cylinder of oxygen was 
used as the source of pressure. The membranes described in the 
present paper are useless for temperatures above 60°. 

In the early part of the investigation, the analyses of the soap 
solutions were made by titration. In later work, a Zeiss dipping 
refractometer was invaluable, since only a few drops of soap 
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solution were required for an accurate determination of the con- 
centration of the solution. All concentrations are expressed in 
terms of weight normality, referring to 1000 grams of solvent. 
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Diameter of the Pores of the Ultra-filter. 


The methods used in preparing and testing the membranes are 
those of Bechhold (Z. physikal. Chem., 1907, 60, 257; 1908, 64, 
328); Schering’s 10 per cent. glacial acetic acid collodion and a 
specially made 15 per cent. solution were employed, but it was 
found that a 15 per cent. solution prepared by ourselves made 
still denser membranes. Schleicher and Schiill filter-papers, No. 
575, were used. 

The most convenient method of estimating the size of pores is 


by determining the minimum pressure that will force air through 
4x*2 
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individual pores when the membrane is inverted under water, 
The diameter of the pore is inversely proportional to the minimum 
pressure required, being 300, 30, and 3 pp» for 1, 10, and 100 atmo. 
spheres, respectively. The information generally obtained from 
this bubble-test is the diameter of the maximum pore and the 
diameter and number of pores of approximately the same magnitude 
as the maximum pore. 

Contrary to impressions derived from the literature, it was 
found that the pores in any one membrane vary over a very wide 
range of diameter, and usually only the largest of these is accessible 
to measurement; for instance, in one membrane there was only 
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The relative proportions of the various constituents of solutions of pure potassium 
laurate at 18°. (The asterisk * marks the field showing the proportions of acid 
soap, 2KL,HL, present.) 


one pore as large as 300 pp, two being 150 pp, three 90 pp, six 
75 pp, and eight 60 pp». It was more usual, however, to find about 
a dozen pores within 10 per cent. of the maximum pore. An indi- 
cation of the diameter of the maximum pore in relation to the 
solution employed is given by the following data: our 15 per cent. 
9 pp, Schering’s 15 per cent. 18 pp, 10 per cent. 33 wu, 7-8 per cent. 
90 pp, 5 per cent. 150 wy, and 3 per cent. 450 py. (The value 9 pp, 
however, corresponds with the highest pressure available for testing, 
so that the pores must have been smaller, possibly much smaller.) 


The Mobility of the Ionic Micelle. 


‘ In previous communications from this laboratory, the conduc- 
tivity and osmotic activity of soap solutions have been studied 
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and a theory of colloidal electrolytes has been advanced. According 
to this, soap when in true solution behaves entirely as a crystalloid, 
but the undissociated soap may be aggregated to form particles 
of neutral colloid, whereas if the fatty ions are aggregated (without 
loss of electrical charge) they form colloidal particles known as 
the ionic micelle, which are supposed to contain some neutral 
colloid. On account of its well-known small molecular weight and 
the clear distinction between its behaviour in crystalloidal and 
colloidal form, soap is one of the best representatives for the 
study of the theory of this comprehensive group, lacking the 
ambiguity of the corresponding study of protein or of gelatin 
with their unknown molecular weight and basic and acidic functions 
(for reference see this vol., p. 621; also, ‘“‘ Third Colloid Report of 
the British Association for the Advancement of Science ”’; Salmon, 
this vol., p. 711). Figs. 2 and 3 embody the results which have 
been deduced by Miss M. H. Norris solely from conductivity and 
freezing-point data in the case of the two soaps studied in the 
present paper.* 

The concentrations ascribed to the ionic micelle depend directly 
on the mobility postulated for it. The total osmotic activity of a 
moderately concentrated solution of sodium oleate as measured by 
the freezing point is so small that even if the whole osmotic effect 
is ascribed to the sodium ion less than half the observed conduc- 
tivity is accounted for, and it is necessary to postulate for the ionic 
micelle an equivalent conductivity at least equal to that of the 
potassium ion and therefore several-fold greater than that of the 
fatty ions from which it is derived. 

It is now seen from Fig. 3 that the concentrations deduced from 
this assumption leave, as the only constituents present in appre- 
ciable amount, neutral colloid, ionic micelle, and the equivalent 
amount of the sodium ion. This equilibrium is almost fully estab- 
lished in 0-2N,-oleate and it is almost unchanged on proceeding 


ut to 1-4N, and beyond. Potassium oleate, for which the data are 
i- fuller, presents very similar results. A method immediately arises 
1e for calculating the hydration of the total soap and checking the 
t. assumed value for the mobility of the ionic micelle. Accepting 
t. the type of equilibrium shown and assuming that the mobility of 
hy the ionic micelle and the number of molecules of hydrate water 
3) combined with or sorbed by one molecule of total soap is the same 
in 0-4N, and 1-6N, solutions, the following equations may be set up 

* The following values were involved in Miss Norris’s calculations ;— 

.. mobilities of the simple fatty ions = 20-7; ionic micelle = K* = 64-7; Na’ = 
q 43-6; OH’ = 174; kr, = 0-22; kyaoi = 0-04. Five per cent. of the total oleate 


in the 0-05 N,-solution was assumed to be present as ionic micelle, 
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to represent the conductivity and the lowering of freezing point, 
respectively. From the freezing point, the weight normality of the 
potassium ion referred to the true solvent water only is equal to 
t°/1-858. 

From the conductivity this true weight normality of the potassium 
ion is equal to 
h+s 
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The relative proportions of the various constituents of aqueous solutions of pure 
sodium oleate at 18°. (The asterisk * marks the field showing the proportion of 
acid soap, 2NaOl,HOl, present.) 


where h is the hydrate water and h + s is the total water associated 
with one gram-atom of potassium and u is the mobility of the 
‘potassium ion, equal to 64:7. It is evident, by combining these 
two equations, that A and v are determined, since for 0-4N, and 
0-6Nw, h + 8; = 1667 and h + s, = 2500 grams of water. 
Inserting numerical data, the mobility deduced for the qleate 
micelle is 77-9 mhos, and the hydration, 289 grams, equals 16 mols, 
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of water. The mobility thus appears to be even higher than that 
of the potassium ion, and the hydration is of the magnitude 
expected from the new data in the present paper (p. 2336) and from 
revious studies. 

It is interesting to notice that we have now two lines of evidence 
which would indicate that at least eight or ten ions must be con- 
tained in one ionic micelle, since otherwise the osmotic pressure of 
the ionic micelle would be so appreciable as to affect the calculation 
in the direction of requiring a still higher mobility. Again, if the 
ionic micelle has a mobility only four times that of the laurate or 
oleate ion, the principle of Stokes’s law would require an agglomer- 
ation of at least eight ions to account for this, even neglecting 
hydration; further, this becomes a minimum of ten ions if it is 
assumed that the osmotic pressure of one colloidal particle is the 
same as that of one ion or molecule. On the other hand, the 
general conclusion to be drawn from the present work on ultra- 
filtration is that ten is about the maximum number of ions contained 
inany one particle of ionic micelle. 


The Equilibrium Crystalloid == Colloid. 


The crystalloidal constituents of a soap solution are simple 
undissociated soap such as potassium laurate, simple fatty ion 
(L'), hydroxyl ion, and sodium ion. It will be shown that for our 
present purpose the hydroxyl ion is negligible, and only that 
portion of the sodium ion which corresponds to the simple laurate 
im can be mechanically separated from colloidal ionic micelle. 
Hence, on filtration through a very dense membrane, only crystal- 
loidal soap and its simple ions will pass into the filtrate, whilst 
both forms of colloids, namely, ionic micelle (L’), and neutral colloid 
(KL),, will be held back. It is thus possible to obtain a direct 
experimental check on the conclusions arrived at in previous papers 
that there is a true, reversible equilibrium between all these con- 
stituents, and also to prove the numerical values thus assigned in 
Figs. 2 and 3. 

According to Salmon (loc. cit.), a solution which is normal with 
regard to both potassium chloride and potassium laurate contains 
practically the whole of the soap in colloidal solution, chiefly as 
neutral colloid, although partly as ionic micelle. Using the densest 
membrane, it was found that no potassium laurate passed through. 
This result was supported by other experiments on 0-6N,,- and 0-5Ny- 
potassium chloride with 1-1N,- and 1-5N,-potassium laurate, 
respectively, where likewise the soap was all in colloidal form. 

The filtrate from a solution which was 0-233N, and 0-103N, 
with respect to sodium oleate and chloride, respectively, contained 
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soap corresponding to not more than 0-001 ,,-crystalloidal sodium 
oleate. 

When filtering 0-493N,,-solutions of pure. potassium laurate, it 
was found that the concentration of the filtrate was 0-046N,,. 
potassium laurate, independent of the pressure (between six and 
twelve atmospheres), The fact that the concentration of the 
filtrate is independent of the pressure, even although there is a 
large range in the size of pores in the membrane, shows that the 
particles of ionic micelle and neutral colloid were distinctly larger 
than the largest pore in the membrane, demonstrating the sharp 
break in dimensions between colloid and crystalloid. Similarly, 
the concentration of the filtrate from sodium oleate was independent 
of the pressure. 

Tables I and II present the results of filtration of the laurate 
and oleate through this dense membrane, which thus measures 
the total amount of soap present in crystalloidal form. In each 
case, the solution was first concentrated by filtration to the desired 
extent, thereupon the filtration was continued for many hours, 
returning to the solution from time to time the whole of the filtrate 
coming through in the hope that the final sample taken should 
nearly correspond with the equilibrium. The filtrate was analysed 
by the usual titration methods for laurate and potassium. Repeti- 
tion of these experiments should give more accurate results, par- 
ticularly if the refractometric method of analysis is employed. A 
careful study of the pressures should also be made so as to ensure 
that no crystalloidal soap is being held back, in accordance with 
the theory of ultra-filtration developed in a later section. The 
results deduced by other methods, described in previous com- 
munications, which are known to be inaccurate in the second decimal 
place, are given for comparison. It will be seen that the nature 
of the equilibrium is undoubtedly confirmed, and it becomes 
extremely difficult to question the main hypothesis of our theory 
of colloidal electrolytes. In both cases, all the soap is present in 
cerystalloidal form in 0-01N,-soap solutions. With increasing con- 
centration, the proportion of soap in crystalloidal form diminishes 
very rapidly. The 0-01N,-sodium oleate and potassium laurate 
were filtered immediately after being prepared. It is possible that 
the colloidal acid soap formed by hydrolysis had not agglomerated 
sufficiently to be held back. 


The Osmotic Pressure of Soap Solutions. 


Ultra-filtration permits of a determination of osmotic pressure, 
since, for any membrane that holds back any definite set of con- 
stituents, the osmotic pressure is the minimum pressure under 
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which filtration can occur. A strictly semi-permeable membrane is 
one which separates water from all the other constituents of the 
lution, and the minimum pressure required corresponds with results 
obtained by such methods as lowering of freezing point. 


TABLE I. 


Filtration of potassium laurate at 12—18° through a membrane 


t the @ with pores certainly less than 9 yp» in diameter, giving the con- 
arger (g centration of total crystalloidal laurate soap. 
harp Crystalloid. Colloid. 
arly Solution — —, —, 
’ filtered. A. B. C. A. B. Cc, 
dent # 001N,  0-O1N, aa va 0-00N y jad an 
0-174 0-028 0-06Ny -— 0-146 0-11N, —- 
0-210 0-042 0-06 0-06N, 0-15 0-15 0-15N, 
rate B 0.277 0-043 0-05 on 0-234 0-23 — 
ures 0-313 0-044 0-05 —- 0-269 0-26 a 
ach 0-370 0-045 0-04 oo 0-335 0-33 — 
” 0-493 0-046 0-02 0-04 0-447 0-47 0-46 
ired 0-547 0-048 0-02 — 0-499 0-53 -= 
urs 0-679 0-052 0-04 — 0-627 0-64 -— F 
‘ 0-750 0-052 0-06 — 0-698 0-69 — 
rate 0-808 0-052 0-07 — 0-756 0-74 — 
uld 0-998 0-054 0-12 —— 0-944 0-87 — 
ned 1-000 0-054 0-12 0-07 0-946 0-88 0-93 
eti- A = by filtration ; B = from conductivity and freezing-point data; C = from 


E.M.F. and freezing-point data. 


ar 

A TABLE II. 

4 Filtration of sodium oleate at 12—18° through a membrane 

with pores certainly less than 9 pp in diameter, separating colloid 

‘Ae § from crystalloid.* 

m- Conductivity and freezing 

1 point. 

al Solution Concentration Colloid — ~ 

ire filtered. of filtrate. retained, Crystalloid. Colloid. 

1es 0-OLN,, 0-01N,, 0-00N 0 “ee 

: 0-144 0-001 0-143 0-02N wy 0-12N, 

ry 0-188 0-001 0-187 0-01 0-18 

in 0-227 0-001 0-226 0-01 0-21 

n- 0-349 0-0015 0-347 0-00 0-35 
0-450 0-002 0-448 0-00 0-45 
0-558 0-002 0-556 — —_ 


* Although freezing-point data are lacking, Z.M.F, measurements have 
given a value for the sodium ion in 0-6N,-solution equal to 0-11N,, in agree- 
ment with the 0:12N,, indicated in Fig. 3. 


The most interesting case is obtained with the membranes 
described in the previous section, where all the crystalloidal con- 
stituents pass through while all the colloidal constituents together 
with the sodium ions equivalent to the ionic micelle, are retained. 
Here, the minimum pressure for ultra-filtration will be almost 
entirely due to the sodium ions and will afford a measure of the 
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ionic micelle as distinct from simple laurate or oleate ions. Finally, 
it is seen that with a coarse membrane which retains only neutral 
colloid, a few cm. pressure suffice to effect ultra-filtration. . There 
are thus as many kinds and values of osmotic pressure as there 
are constituents in a solution, provided that the separation takes 
place at consecutive stages. 

In practice there are two difficulties, one being the excessive 
slowness of ultra-filtration in the neighbourhood of the corre. 
sponding osmotic pressure, so that with the present apparatus the 
observed values would tend to be too great, even when the men. 
brane is carefully watched for the first drops of filtrate. The other 
complication arises from the alterations and readjustments of 
equilibrium that take place in the filtrate, which of course directly 
affect the osmotic pressure. Hence, the only measurements adduced 
here are those referring to soap solutions in which the soap is entirely 
in the form of colloidal electrolyte. 

In an experiment with 1-0N,-potassium laurate at 12—18°, no 
filtrate appeared in eleven hours with a pressure of 6-0 atmospheres, 
whereas two and a half hours later, with a pressure of 7-1 atmo- 
spheres, drops were collecting. 

Table III gives the values thus obtained together with the 
concentration of sodium ions (equivalent to the ionic micelle) 
deduced therefrom, and for comparison, the concentration of ionic 
micelle deduced from conductivity and freezing point, and from 
E.M.F., respectively. The agreement between the three methods 
is within the experimental error. 


Taste ITT. 


Comparison of concentration of ionic micelle corresponding to 
minimum pressures required for ultra-filtration with values deduced 


by previous methods. 
From conduc- 


Solution Atmospheres Tonic tivity and From 
filtered (Ny). required. micelle. freezing point. 2.M.F. 
0-4-K Laurate. 2-9 0-13 0-13 0-14 
0-6-K Laurate. 4-7 0-21 0-21 0-20 
1-0-K Laurate. 71 0-32 0-36 0-33 
0-2-Na Oleate. 1-0 0-045 0-036 — 
0-4-Na Oleate. 2-7 0-12 0-08 (0-07) 


Bancroft, in propounding research problems in colloid chemistry 
(J. Ind. Eng. Chem., 1921, 13, 261), states that concentrated soap 
solutions show practically no rise in boiling point, and that this 
must be due to adsorption. His statement requires substantiation, 
since it directly calls in question all the data published from this 
laboratory on the osmotic activity of soap solutions by the four 
methods of vapour pressure, dew point, freezing point, and now 


SOAP 
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utra-filtration, all of which show that soap solutions exhibit an 
osmotic activity about half that of sucrose or carbamide. 


The Hydrolysis of Soap in Solution. 


Tlie only previous determinations are those from this laboratory 
by #.M.F. and catalysis and conductivity measurements, all of 
which show that the concentration of hydroxyl ion is about 0-001N 
and that the other product of hydrolysis, in the case of sodium 
palmitate at 90°, is 2NaP,HP; further, investigations of a free 
acid incapable of hydrolysis, namely, hexadecanesulphonic acid, 
show that its behaviour in other respects is closely similar to that 
of the higher soaps (Norris, this vol., p. 2161). Bancroft, however 
(loc. cit.; also “ Applied Colloid Chemistry,” 1921, p. 225), con- 
siders that it should be possible, by analysing the filtrate in ultra- 
filtration, to prove a high degree of hydrolysis combined with 
adsorption of the sodium hydroxide in concentrated solutions. 
We confess inability to interpret the experimental data for soap 
solutions according to such an idea. 

The hydrolysis-alkalinity as measured by ultra-filtration through 

the densest membranes, holding back all colloidal constituents, is 
| shown in Tables IV and V. The alkalinity of the filtrate is deter- 
| mined by titration after adding four volumes of boiled-out alcohol. 


TABLE IV. 


Hydrolysis-alkalinity of potassium laurate solutions at 12—18° as 
measured by ultra-filtration. 


Cone. of Cone. of Per cent. Conc. of Cone. of Per cent. 
solution (N). OH’ (N,). hydrolysis. solution (Ny). OH’ (N,). hydrolysis. 
0-277-K Laurate 0-0016 0-58 0-679-K Laurate 0-0012 0-18 


0-:370-K Laurate 0-0020 0-54 0-808-K Laurate 0-0010 0-12 
0-493-K Laurate 0-0013 0-26 1-:000-K Laurate 0-0009 0-09 
TABLE V. 


Hydrolysis-alkalinity of sodium oleate solutions at 12—18° as 
measured by ultra-filtration. 


Cone. of Cone. of Per cent. Cone. of Cone. of Per cent. 
solution (N,). OH’ (N,). hydrolysis. solution (N,). OH’ (N,). hydrolysis. 
0-144-Na Oleate 0-0012 0-80 0-558-Na Oleate 0-0019 0-34 
0-188-Na Oleate 0-0012 0-64  0-252-Na Oleate | 0-0008 0-32 


0:32-Na Oleate 0-0018 0-57 0-106-NaCl J 
0450-Na Oleate 0-0024 0-53 

The hydrolysis-alkalinity as determined by ultra-filtration is 
nearly the same as given by previous measurements at 90°. It 
was expected to be somewhat less, but the discrepancy, if real, is 
readily accounted for as the result of membrane hydrolysis (Donnan, 
Z, Elektrochem., 1911, 17, 578), which would tend to exaggerate 
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the alkalinity found. The quantitative evaluation of the effective 
membrane hydrolysis is impossible without definite knowledge of 
the degree of solubility of the acid soap formed. Another circum. 
stance which diminishes the accuracy of the results is that the laurate 
solutions were made by taking theoretical amounts of lauric acid. Fo 
this reason no stress can be laid on the results obtained and on the 
very similar results obtained with N,,-potassium laurate containing 
N-potassium chloride, Addition of 0-1N-sodium chloride to 0-25N,,. 
sodium oleate diminished the hydrolysis-alkalinity to 0-0008N,. 
hydroxy] ions. 


The Hydration of Soap in Solution; a General Method. 


The hydration of soap may be defined as the total number of 
gram-molecules of water chemically combined with or sorbed by 
one gram-equivalent of the soap. This can readily be measured by 
ultra-filtration (McBain, “ Third Colloid Report of the British 
Association for the Advancement of Science,’ 1920, p. 19) provided 
that a suitable indifferent reference substance is available. The 
extent of the increase of concentration of the reference substance 
found in the filtrate above that in the original solution is a measure 
of the water abstracted by the colloid from the solution. If men- 
branes are used which allow one colloidal constituent to pass 
through whilst another is retained (see a later section), it should 
be possible to measure the hydration of each. In experiments 
cited in Tables VI and VII, in which the corresponding chlorides 
were used as reference substances, it is highly probable that these 
are slightly sorbed by the soap; if so, the true values for the 
hydration are correspondingly greater (compare T., 1921, 119, 
1372, 1380, 1381, 1674). Further, the hydration in the absence 
of these salts should be distinctly greater. 

These experiments constitute very direct proof that the soap in 
these solutions is colloidal and that it has the high degree of 
hydration predicted from earlier work. 


TaBLeE VI. 


Minimum values for the hydration per equivalent of potassium 
laurate in solutions at 12—18° in the presence of potassium 
chloride. 


Nw of Hydration 
K Laurate. N, of KCl. found. 
Earlier filtrate 0-000 0-762 
Solution above 1-129 0-581 11-8 H,O 
Later filtrate 0-000 0-768 
First solution above 1-000 1-000 
Filtrate 0-000 1-276 11-6 H,O 
1-056 0-991 


s0AP SOLUTIONS : SODIUM OLEATE AND POTASSIUM LAURATE. 2337 


TaBiLeE VII. 


Minimum values for the hydration per equivalent of sodium oleate 
in solutions at 12—18°. 


Nw of Na Hydration 
Oleate Nw of NaCl. found. 


First solution above 0-2517 0-1029 
Filtrate 0-0013 0-1077 9-2 H,O 
Final solution above 0-2770 0-1028 


Theory of the Ultra-filter. 


Excess of pressure inhibits ultra-filtration by stopping up the 
pores; with insufficient pressure, ultra-filtration becomes extremely 
sow or ceases altogether. It is only with suitably chosen inter- 
mediate pressures that deliberately planned ultra-filtration can be 
carried out and trustworthy information obtained regarding the 
diameters of the pores or filtered particles. Both the pressure 
used in the ultra-filtration and the osmotic pressure of the solution 
are decisive factors. 

According to Bechhold (Z. physikal. Chem., 1908, 60, 328), 
collodion membranes only allow the passage of particles with 
diameters of not more than one-tenth that of the pores, but the 
evidence for his conclusion is speculative. It is difficult to ascer- 
tain the maximum ratio between diameter of particles passing 
through an ultra-filter and the diameters of pores as determined 
by the bubble-test. Bechhold’s factor, one-tenth, is obviously a 
rough empirical correction for a number of factors operating under 
his experimental conditions. 

Hatschek in collaboration with Bechhold has studied the effect 
of pressure on the diameter of deformable oil globules, which could 
be forced through pores measured by the air-bubble method 
(Kolloid Z., 1910, 7, 86). He found that with high pressures oil 
drops could be forced through pores of diameter many times smaller 
than that of the drops themselves; he also concluded that the 
pores were not more than half the size indicated by the air-bubble 
test, but the precaution does not seem to have been taken of 
applying the air-bubble test after the ultra-filtration. Bechhold 
(Kolloid Z., 1921, 29, 81), in filtering lecithin sols, obtained a similar 
increase in the amount of substance in the filtrate with increasing 
pressure. 

The evidence goes to show that under suitably chosen conditions 
the diameter of the particles approximately corresponds with the 
diameter of the pores which just let them pass through. There 
is no indication in any of our observations that soap particles are 
deformable; indeed, we know of no reason for supposing that the 
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colloidal particles in soap solutions are of a liquid or emulsoid 
nature. Instead of more and more soap being forced through under 
high pressures, the filter becomes clogged to almost any desired 
extent. Bechhold mentions that Burian (Arch. Fisiol., 7) has 
obtained a similar result with egg-albumin containing salt. 

Of course, the relation between diameter of particles and of pores 
is much more complicated if the particles are not spherical. The 
length of a molecule of soap must be about 2 or 3 pp, and this 
must be many times its breadth, and we have no information as to 
the form of either the ionic micelle or the neutral colloid. It will 
be shown that for practical purposes it is possible to express the 
size of each kind of colloid in terms of diameter of pores, and that 
the neutral colloid in the oleate is very many times coarser than 
the ionic micelle. 

It is necessary to develop a theory of ultra-filtration, for non- 
deformable particles, as follows. Suppose we have a membrane 
with constant pores of every conceivable diameter up to and 
including a value a and, further, that there is in the solution a 
series of crystalloidal and colloidal constituents the diameters of 
which, from the coarsest to the finest, are equal to a, b, c, d, ande, 
e being the water molecule itself, and that the partial osmotic 
pressures of the first four constituents are P,, Ps, P., and Py. It 
is obvious that only an infinitesimal pressure will be necessary to 
cause solution to flow through any pore the diameter of which is 
at least equal to a, so that a pore in diameter from a upwards would 
merely act as a leak. There are two principles involved in the 
action of all the other pores : 

1. Only those constituents may pass through any given pore 
the diameter of which is less than the pore. 

2. Nothing will pass through any given pore unless the pressure 
in use exceeds the osmotic pressure of every other constituent 
that is coarse enough to be held back. 

There are thus two ways in which a given constituent may be 
prevented from passing through a given pore; namely, through the 
pore being smaller than the particle in question, or through the 
pressure in use not exceeding the osmotic pressure of some con- 
stituent of greater diameter than the pore in question. 

The interplay of these two principles produces an unexpectedly 
complicated picture, but it will become apparent that there is 4 
series of definite filtrates, each of approximately fixed concentration, 
obtainable with any given membrane, and each corresponding with 
a definite range of pressure. The whole range of conceivable 
pressures is therefore divided up by certain critical osmotic pressures, 
at which sharp breaks occur in the composition of the filtrate. 
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This definite composition follows, since, according to our hypothesis, 
oly a definite set of pores will be functioning for all pressures lying 
between a pair of these critical osmotic values; for then, according 
to Poisseuille’s law, the proportion of all the liquid flowing through, 
which is allotted to any one pore, remains independent of the 
total pressure. Between such a pair of pressures, altering the 
pressure merely alters the speed, so that the proportion passing 
through any one pore is only varied when, in consequence of a 
critical pressure being exceeded, additional pores are brought into 
lay. 

iieies now to the more detailed consideration of the mem- 
brane and the series of constituents postulated above, for all very 
low pressures filtrate I will be coming through pores of diameter a 
and will be merely unchanged solution; all pores of diameter less 
than @ are out of action. As soon as the pressure exceeds the 
osmotic pressure P,, pores lying between a and 6 will come into 
play; and the portion of the solution flowing through these pores 
will be deprived of constituent a, so that the gross composition 
of the filtrate can now be called filtrate II. The question as to 
whether pores lying between 6 and c are out of action or not 
depends entirely on whether P, is greater than P;; if it is, then 
the pressure used has brought them also into action and they are 
contributing towards filtrate II, a solution deprived of both con- 
stituents A and B. Similarly, if P, is greater than P,, all pores 
smaller than c are out of action. 

Filtrate III will then be reached when P, is exceeded, and now 
we have pores of diameter a discharging unchanged solution, those 
between a and b holding back A only, those between b and c holding 
back both A and B, and those between c and d holding back A, B, 
and C, whilst if Pg is smaller than the critical value P,, all pores, 
without exception, down to those of the diameter, e, of the water 
molecule itself, will be in action, those between d and e producing 
pure water. It does not matter even if Pz is the lowest osmotic 
pressure of all, pores smaller than d do not come into use until 
P,, Py, and P, are all exceeded. 

For the membrane assumed, we have deduced three possible 
filtrates of fixed composition, I, II, and III. If none of the pores is 
quite as big as a, filtrate I is eliminated and no filtration will take 
place until the pressure in use exceed either P, or Py, whichever 
is the greater. Filtrates II and III are correspondingly altered in 
composition, since now they are not admixed with filtrate I. 
Similar reasoning applies if a denser membrane is used in which 
the diameter of the largest pores lies between b and c. 

An illustration of these effects was given in a previous section, 
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where nothing passed through a dense membrane until the osmotic 
pressure of the ionic micelle and its accompanying sodium ions 
had been exceeded. Not even the crystalloidal soap or the simple 
laurate and potassium ions could come through, although their 
osmotic pressures were greatly exceeded; that is, until the osmotic 
pressure corresponding with the ionic micelle was reached. It is 
further evident that the filtrate must be at least slightly mor 
dilute than corresponds to the crystalloidal matter in solution, 
since every pore, down to those of diameter e, must have come into 
action simultaneously, producing filtrate III. 

In a soap solution, the coarsest constituent is the neutral colloid 
(NaOl), or (KL), with an osmotic pressure presumably equal to a 
few cm. only of water, so that filtrate II should be obtainable in 
any membrane the largest pores of which lie between neutral 
colloid and ionic micelle and only these pores can act. As a general 
rule, it should be stated that the only way to ensure that any 
constituent capable of passing through the filter is not separated 
from the corresponding solvent is to utilise pressures below the 
partial pressure of the constituent in question. 

Theoretically, there should be a difference in composition between 
solution and filtrate when any solution whatsoever is being filtered 
under pressures which exceed the osmotic pressure of any con- 
stituent. Practically, the difference in the case of a crystalloidal 
solution would be slight unless the relative number of pores of 
diameter greater than d is severely limited. 

Finally, apart from the possibility of deformable particles, there 
is one further complication which must be reckoned with in all 
work on ultra-filtration, and that is clogging of the pores, either 
mechanically or by adsorption. This, however, can be tested for 
by interrupting the experiment from time to time to carry out a 
bubble test. Tables VIII, IX, and X illustrate such clogging 
action, and the last also shows that high pressures may free the 
pores again temporarily. The data for filtrate IIL show the 
expected dependence of the composition on the individual mem- 
brane, but they also show a further deviation with pressure which 
indicates a real variation from Poisseuille’s law. 


Separation of Ionic Micelle from Neutral Colloid. 


There are no colloidal particles of diameter larger than 15 pp in 
solutions of potassium laurate. In sodium oleate,.on the other 
hand, the particles. of neutral colloid all lie between 75 pp and 
450 pp, whilst those of ionic micelle are definitely smaller than 
15 wp. More accurate measurements in the separation of micelle 
from the neutral colloid in laurate solutions were not attained 
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»SMotic ff owing to our not having foreseen the necessity of providing apparatus 


m ions that would withstand the extreme pressures required for the bubble 
simple ff tests; and also because we had not developed in time the theory 
1 their ff of the preceding section which is necessary to clear up the other- 
smotic # wise confusing data. All we can assert is that the ionic micelle 
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both of laurate and of oleate is too large to pass through a mem- 
brane which showed no pores at all under a pressure of 33 atmo- 
spheres, which would have revealed any pores down to 9 pp. The 
diameter of the ionic micelle is therefore not very many times the 
length of the laurate or oleate molecule. 

The particles of neutral colloid correspond with diameter a, 
and those of ionic micelle with b. All pressures less than those 
found in the fifth section for the ionic micelle P; should therefore 
yield filtrate II with membranes the largest pores of which measure 
between 15 and 75 pu. It is proposed to show that this was the 
case With 0°2N,,-sodium oleate, which consistently yielded a filtrate 
of 0°04N,, with pressures less than P,, and a more dilute filtrate 
when P;, was exceeded (filtrate III). For a given pressure, filtrate 
III is found to become more dilute as the pores get clogged. Since 
the osmotic pressure of the ionic micelle and its accompanying 
sodium ions so greatly exceeds that of the small amount of crystal- 
loid present, filtrate III comes from three sets of pores producing 
pure water, solution of crystalloid, and solution of crystalloid plus 
ionic micelle, respectively. Typical data with membranes of 
different density are given in Tables VIII and IX. Of course, time 
is required to wash out the membrane and obtain a correct filtrate. 
The pore diameters given are those found by actual test during 
the course of the experiment. The diameters found with mem- 
branes that were contaminated with soap solution were calculated 
on the assumption that the surface tension was that of pure water. 
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ging | Such pores were therefore really smaller than here indicated. 
> the 

the TABLE VIII. 
1em- 


Filtration of 0°2N,,-sodium oleate showing a constant filtrate of 
004N,, with pressures less than the osmotic pressure of the ionic 
micelle (one atmosphere), and a more dilute one when that is 
exceeded. 


hich 


Series I. 


win @ Largest pore 75uu 
her Atmospheres 0-05 0-03 0-05 0-07 0-08 3 5 7 
Filtrate N, 0-040 0-040 0-040 0-040 0-040 0-035 0-027 0-020 


and 
han 


Series IT. 


elle Largest pore 75 uu 60 uu 45 wu 
ned § Atmospheres 0-8 0-8 0-8 0-7 0-7 0-3 0-05 
Filtrate N, 0-015 0-040 0-040 0-040 0-040 0-040 0-040 
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Series II (continued). 


Largest pore 45 yu 45 uy 

Atmospheres 3 3 3 5 5 0-7 0-7 0-7 

Filtrate N, 0-040 0-035 0-035 0-027 0-027 0-027 0-040 0-040 
Series ITI. 

Largest pore ......... 18 wu 15 up 

Atmospheres ......... 5 0-8 0-7 0-5 0-3 0-05 

Piltrate Wi, ..........0. 0-025 0-040 0-040 0-040 0-040 0-040 
Series IV. 

Largest pore 75 uu 60un 454, 18 pup 15 wu 

Atmospheres 5 3 0-8 0-05 5 5 0-08 0°05 


Filtrate NV, 0-027 0-035 0-040 0-040 0-025 0-023 0-040 0-040 


TABLE IX. 


Filtration of 0°296N,,- and 0°435N,,-sodium oleate showing a 
constant filtrate of 0-055, and 0°092N,,, respectively, with pressures 
less than the osmotic pressure of the ionic micelle (1°5 and 2 atmo. 


spheres). 
Series I, with 0°296N,,-oleate. 


Largest pore ......... 75 up 75 um 75 up 60 wu 45 up 45 up 

Atmospheres ......... 5 1-2 0-3 0-3 0-3 0-05 

Filtrate Nw ........+... 0-033 0-055 0-055 0-055 0-055 = 0-055 
Series II, with 0°296N,,-oleate. 

Largest pore ............++. 300 uu 75 jap 75 wu 75 wm 75 wu 

Atmospheres .............+. 0-7 5 6-7 8-3 

FOGG: gy cssciccceessces 0-055 0-033 0-029 0-020 


Largest pore 300 uu 
Atmospheres 6-7 6-7 6-7 5 5 0 
Filtrate NV, 0-05 0-085 0-020 0-08 0-033 0 


Series IV, with 0°296N,,-oleate. 


“7 0-7 
055 0-055 0-055 


Largest pore 300 usu 
Atmospheres 5 5 5 6-7 6-7 6-7 1-2 
Filtrate NV, 0-07 0-085 0-033 0-033 0-09 0-06 0-055 0-055 


Series V, with 0°435N,,-oleate. 


Largest pore 75yu T5uu Touun 6Opu 45 un 45un 45 yn 45m 
Atmospheres 2-7 1-8 0-3 1-3 5 1-3 0-3 0-05 
Filtrate Ny 0-06 0-092 0-092 0-092 0-04 0-092 0-092 0-092 


In Table X and XI are given data which throw light on the 
maximum diameter of the particles of neutral colloidal sodium 
oleate; these are certainly all smaller, and probably several times 
smaller, than 450 yp, and certainly all larger than 75 pp. Much 
lower pressures should have been employed. As in Table IX, 
Series III and IV, the filtrates increased in concentration to 4 
maximum and then fell off as the pores were clogged. 


SOA] 


ap} 


Pressure Largest pore. 


TABLE X. 


Maximum concentration of filtrates from 0°296N,,-sodium oleate, 
and ascertained diameter of largest pore at that time. 


SOAP SOLUTIONS : SODIUM OLEATE AND POTASSIUM LAURATE. 


Pressure Largest pore. 
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. (atms.). Initial. Final. Filtrate N,. (atms.). Initial. Final. Filtrate Ny. 
a 0-7 300 uu 75 up 0-055 0-7 pp 70 mp 0-055 
040 5 75 pe 150 up 0-085 5 300 wu «150 wa 0-085 
7 75 we 150 pp 0-09 7 300 wu §=2150 wp 0-09 
8 75 up 300 pp 0-20 9 300 wu 300 pu 0-20 
ae Taste XI. 
040 Filtrates from sodium oleate solutions through coarse membranes. 
Solution. Filtrate. Largest initial Pressure 
ow we pore (atms.). 

. 0-21 0-21 450 up ans 

g 4 0-40 0-40 450 pm ss 

sures 0-30 0-20 300 up 8 

tmo- 0-30 0-09 150 wp 7 

Concentration and Composition of the Ionic Micelle. 

“' In the preceding section there has been conclusively shown a 

1 . . . . . 

155 definite separation of the colloidal constituents of sodium oleate 
solutions. At least 95—98 per cent. of the ionic micelle must have 
appeared in the filtrates, since they came through unaltered with 

ua pressures as low as 0°05 atmosphere. Again, the filtrate is the 

20 same when there are no pores larger than 15 py» as when some 


equal 75 uu, which shows that unless some of the particles of ionic 
micelle are very many times larger than all the others, they must 
all be of nearly equal dimensions. Similar reasoning shows that 
55 all the particles of neutral colloid existing independently of the 
particles of ionic micelle must be greater than 75 yp in diameter. 
We have, then, from 0°214, 0°296, and 0°435N,,-sodium oleate, 
| constant filtrates of 0-040, 0°055, and 0°092N,,, respectively, which 
55 must contain ionic micelle and crystalloidal matter only. The 
crystalloidal matter is mostly sodium hydroxide and it is less than 
0:001N, (the corresponding particles of acid soap are probably 


, coarse and cannot exceed a few thousandths normal). 
92 Since the gross composition of the ionic micelle is given by these 


filtrates, and since we already know its concentration in electro- 


the B chemical equivalents (see Table III), we can at once inquire as to 
ull | how far the ionic micelle consists merely of aggregated oleate ions 
a and in how far these are contaminated with neutral colloidal oleate. 
x The data are given in Table XII, and it is at once seen that the 
| t ionic micelle is mainly composed of aggregated (and hydrated) 


oleate ions and that most of the neutral colloid exists in quite 
separate particles. 
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TABLE XII. 


Concentration of ionic micelle and of neutral colloid, respec. 
tively, in sodium oleate solutions as found by ultra-filtration, 
compared with aggregated oleate ion and neutral colloid as deduced 
from conductivity and freezing-point methods; showing that they 
are present as two distinct sets of particles. 


Conductivity and freezing 


Ultra-filtrate. point. 
Solution. N,. Ionic micelle. Neutral colloid. (Ol’)n. (NaOl),. 
0-214 0-040 0-174 0-038 0-176 
0-296 0-055 0-241 0-055 0-241 
0-435 0-092 0-343 0-087 0-348 


A conclusion from much of our recent work is that perhaps the 
most important difference between the various soaps arises from 
the widely differing amounts and properties of neutral colloid, 
that is, un-ionised colloidal electrolyte, which we have now shown 
to be separate from the ionic micelle. 


Summary. 


1. A theory of ultra-filtration through permeable and seni- 
permeable membranes has been developed. 

2. Ultra-filtration of potassium laurate and sodium oleate has 
confirmed the values, deduced by other methods described in 
previous communications, for hydrolysis, osmotic pressure, and 
amounts of crystalloidal and colloidal matter. 

3. A general method for determining the solvation of the colloid 
by ultra-filtration has been described, and it has been shown that 
soap in solution contains at least 10 molecules of hydrate water 
per equivalent of soap. 

4. The ionic micelle has been separated from neutral colloid by 
ultra-filtration; the diameter of the particles of ionic micelle is 
only a few times the length of the molecule, and its approximate 
formula is (Ol’),9,mH,O. Whereas the particles of neutral colloid 
of potassium laurate are less than 15 pp» in diameter, those of 
sodium oleate are about ten times larger. 


Our thanks are due to the Colston Research Society of the 
University of Bristol and to the Research Fund Committee of the 
Chemical Society for grants which have enabled this investigation 
to be carried out. 
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(CLXXXII.—On Dopplerite. Studies in the Composi- 
tion of Coal. 


By FREDERICK VINCENT TIDESWELL and RicHaRD VERNON 
WHEELER. 


We believe that considerable insight into the mode of formation 
and constitution of coal, and in particular of certain portions of 
bituminous coals, can be obtained from a study of that peculiar 
material to be found in peat-bogs, to which the name “ dopplerite ” 
has been given. Unfortunately, this material belongs to that class 
of compounds, the ulmin compounds, the colloidal nature of which 
is so discouraging to the chemist. For this reason, no doubt, 
information regarding the composition and properties of dopplerite 
is scanty and scattered, although descriptive accounts of it are 
numerous in the literature of coal. It will be necessary for us to 
review shortly the information that is available. 

As early as 1839 reference was made to peculiar deposits in the 
peat-bogs of the Fichtelgebirge by Reinsch (J. pr. Chem., 1839, 
16, 489), who alluded to them as “‘ Pechtorf”’ in contradistinction 
to “ Rasentorf ”’ (ordinary peat), but no detailed examination of 
them was made until 1849, when Doppler had his attention directed 
to one in a peat bed at Aussee, in Tyrol, and thought it of sufficient 
importance to warrant investigation. It was described as a black, 
gelatinous substance, occurring in layers about 10 feet in thickness 
6 or 8 feet below the surface of the bog. 

Doppler’s examination of the black jelly (Sitzuwngsber. Akad. 
Wiss. Wien, 1849, 3, 239) showed it to contain a high proportion 
of water (it lost 80 per cent. of its weight on drying) and when 
anhydrous to be a brittle, shining, black substance with a con- 
choidal fracture. The fresh substance, on exposure to the air, 
lost its moisture rapidly and became elastic and of the consistency 
ofindiarubber ; it was insoluble in water, sparingly soluble in alcohol 
and ether, but readily soluble in a solution of potassium hydroxide. 

A further examination of material from the same source was 
made by Schrétter (chemical) and Haidinger (microscopical), who 
confirmed and added to Doppler’s observations (ibid., p. 285). 
Haidinger observed that thin sections showed no trace of crystalline 
substances when viewed by polarised light, but that under high 
magnification traces of fibres of organic origin could be discerned. 
This latter statement, and the fact that the material in bulk was 
not uniformly glossy and of a dark-brown, almost black, colour, 
but contained dull streaks of a lighter brown, indicate that the 
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sample Haidinger examined was not as pure a specimen as that 
which has come to our notice. It was Haidinger who suggested 
the name of ‘“‘ Dopplerite,” in honour of Doppler, for the material, 
and by this name similar jelly-like deposits in peat-beds haye 
since been called. 

Von Giimbel (Neues Jahrbuch, 1858, 278) laid stress on the char. 
acter of the ash in dopplerite (which he regarded as a “ homo. 
geneous peat’’). The ash in a specimen from Berchtesgaden, 
amounting to 1-67 per cent., consisted chiefly of lime, which von 
Giimbel believed to be in combination with the organic constituents. 

A detailed study of the dopplerite from the original source at 
Aussee was made by Demel in 1883 (Sitzwngsber. Akad. Wiss. 
Wien, 1883, 86, 872). Demel’s analysis (C = 56-5; H = 5-75 per 
cent.) differs from most other records, both before and since, in 
showing no nitrogen. The ash, which amounted to 5-1 per cent., 
contained 73 per cent. of lime, which, as von Giimbel had suggested, 
seemed to be in combination with an organic constituent of the 
dopplerite. 

In the same year, Friih published a monograph entitled “ Ueber 
Torf und Dopplerite ’ (Zurich, 1883), which reviewed the earlier 
work and described specimens of dopplerite from various sources. 
We reproduce a table of analyses given by Frith, with additions 
(Table I). 

TaB.e I. 
Analyses of dopplerite. 
Analysis. Percent. (ash-free and dried 


at 110°, unless otherwise stated). 


~ 


Source. Ash. a ; oO. N. Analyst. 
Aussee (dried at 100°) 5-86 51- . 42-49 1-09 Schrodtter (1849). 
Aussee j 5-76 37-78 nil Demel (1882). 
Aussee 5 55: 5: 38-86 Kaufmann and 

Muhlberg (1868). 
Obbergen 


Herz (1861). 
Mayer (1861). 
Fleischer (1861). 


Pogo 
31D DOC? 
a he bo 


Foster (1913). 
Moss (1903). 


New Mexico ‘ 
Sluggan Bog, Co. An- 

trim 5-12 
Sluggan Bog, Co. Antrim. 


(a) Brilliant jelly 5-05 


or 
o> 
i? 4) 


1-10 * Tideswell and 
Wheeler (1922). 
(6) Dull jelly . 7 5-31 2-10 * - 


* The material also contained sulphur 0-70 per cent. 


i 
o 
to 
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Moss (Sci. Proc. Roy. Soc. Dublin, 1903, 10, 1, 93) has examined 
a dopplerite from the Sluggan Bog, Co. Antrim, Ireland, which 
resembled in all aspects those found on the Continent. 

Dopplerite belongs to the group of substances, resulting from 
the natural decay of vegetable matter or prepared artificially from 
organic materials, to which the name “ulmins” or “ ulmin sub- 
stances’ has been given. A discussion of the nature of these 
compounds, as disclosed by the researches that had been carried 
out up to the spring of 1917, appears on pages 32 to 36 of Stopes 
and Wheeler’s “‘The Constitution of Coal”? (H.M. Stationery 
Office, 1918), which should be consulted regarding the earlier 
work. A comprehensive review of the subject has also been given 
by Odén (Koll. Chem. Beihefte, 1921, 11, 75). In contraversion of 
the view that was at one time prevalent that the acidic reaction, 
and the power of combining with alkalis, that is possessed by 
ulmin substances, is a manifestation of their colloidal nature (see 
Baumann, Mitt. bayr. Moorkulturanstalt, 1909, 3, 52; Baumann 
and Gully, ibid., 1910, 4, 31), Odén (Proc. Faraday Soc., 1921), 
by applying physico-chemical methods of analysis, such as their 
potentiometric titration, was able to prove their true acidic 
character. 

An interesting development of the subject is the preparation of 
furan- and phenol-ulmins. In a manner similar to their prepar- 
ation from sugars, ulmins may be obtained from furan and its 
derivatives and from phenolic and similar organic compounds. 
Eller and Koch (Ber., 1920, 53, [B], 1469) and Eller (Brennstoff 
Chem., 1921, 2, 129), by oxidising phenols in alkaline solution, 
obtained ulmins which they regarded as closely resembling in 
chemical properties the natural ulmins; this led them to attribute 
the acidic character of the latter to the presence of phenolic hydroxyl 
groups. Marcusson (Ber., 1921, 54, [B], 542), starting with the 
assumption that the ulmins possess a nucleus with a furan structure 
(Chem. Zig., 1918, 31, 237), succeeded in synthesising ulmins by 
the treatment of furan derivatives and furan itself. The synthesis, 
in Marcusson’s opinion, involved the formation first of succindi- 

CH,-CH——CH:-CHO 
aldehyde, then of a peridifuran, | A | , and finally 
CH,-CH——CH:CHO 
ofulmin. The natural ulmins, according to this scheme, are formed 
by the conversion of cellulose, through lzvulose, into hydroxy- 
methylfurfuraldehyde. 

Our knowledge up to date of the constitution of the ulmins is 

limited to the recognition of the presence of certain reactive group- 


ings in the molecules, which are undoubtedly large and complex. 
4L2 
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Their acidic character can best be expressed by Berthelot and 
André’s (Ann. Chim. Phys., 1892, [vi], 25, 364) statement that 
ulmin is the anhydride of a polybasic acid and partakes of the 
nature both of an acid and an alcoholic anhydride. The ready 
esterification of the ulmins, and the evolution of carbon dioxide 
from them on moderate heating, are sufficient evidence of the 
presence of carboxyl groups. 

All ulmins, from whatever source, yield protocatechuic acid on 
fusion with potassium hydroxide, thus indicating that they contain 


the grouping 104 NO- ? which is present also in the lignone 
isi 


portion of the lignocelluloses, and in tannins. From Roger 
and Vulquin’s (Compt. rend., 1908, 147, 1404) study of ulmin 
from peat, which they made with a view to discover some 
relationship with the pecto- and ligno-celluloses from which 
it is presumably derived, it is possible also to deduce the presence 
of (1) alcoholic hydroxyl groups (as in cellulose), (2) the acetyl 
grouping, *CH,°CO-, and (3) certain other characteristics of the 
lignone complex; and to affirm the absence of pentosans and 
hexosans. To this may be added the evidence of Robertson, 
Irvine, and Dobson (Biochem. J., 1907, 2, 458) that, as in ligno- 
celluloses, alkyloxy-groups (for example, O-CH,) are present. 

Fischer and Schriider (Brennstoff Chem., 1921, 2, 37) believe the 
natural ulmins to be phenolic, and not carboxylic, in character, and 
to be derived entirely from the lignone portion of the lignocelluloses, 
which is of aromatic structure as distinct from the furan structure of 
cellulose. Artificial ulmins (such as sugar-ulmin), Fischer and 
Schrader consider to be difierent from natural ulmins and to contain 
a furan complex, since, like cellulose, they yield furancarboxylic acids 
on oxidation under pressure; lignone under this treatment yields 
aromatic carboxylic acids. Although Fischer and Schriider’s 
opinions regarding the constitution of the ulmins apparently differ 
so markedly from those of Marcusson, the latter has shown that 
there is a connexion between the furan structure which he postulates 
(peridifuran ring) and the aromatic (phenolic) structure suggested 
by Eller and Koch (cyclohexane ring with an oxygen bridge). 

The conditions of existence of the nitrogen that is present in all 
natural ulmins remain to be considered. The work of Maillard 
(Ann. Chim. Phys., 1916, [ix], 5, 258; 1917, [ix], 7, 113) is most 
suggestive in this connexion. It seems clear that the nitrogen is 
derived from the degradation products of proteins, and exists in 


the condensed ulmin molecule essentially in closed ON rings, 
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although some may occur as imino (-NH) groupings in the residual 
straight-chain structures of the reacting polypeptides. 


The Constitution of Dopplerite. 


Most of our information regarding the constitution of dopplerite 
is obtained from a study of the products of decomposition by heat 
of the dried material, as described in the experimental portion of this 
paper. The main products of decomposition, as with the ulmins in 4 
general, are carbon dioxide and water. The former undoubtedly 
arises, for the most part, from carboxylic acid (or anhydride), the 
latter from alcoholic hydroxyl groupings; both are eliminated at 4 
low temperatures, below 300°, leaving a residue containing little, 4 


‘oger if any, free carboxyl (anhydride) or hydroxyl groupings, although i 
min Bf ethereal, ester, and lactone groupings remain. 

ond The elimination of water between 90° and 270°, assuming that it 

rhic 


all arises from hydroxyl] groupings, accounts for 28 per cent. of the 
hydroxyl, and would leave behind 13 per cent. of ethereal oxygen 
(>O), calculated on the original dried dopplerite. The carbon 
dioxide evolved over the same range of temperature is equivalent 
to about 8 per cent. of carboxyl; and above 270° carbon dioxide, 
equivalent to a further 4 per cent. of carboxyl, is evolved, although 
it probably arises from ester and lactone groupings, either present 
originally or formed during the earlier decompositions. Such 
groupings would also account for some of the water evolved at the 
higher temperatures, for the production of gaseous unsaturated 
hydrocarbons over the range 250—500°, and possibly also for the 
liquid unsaturated hydrocarbons found in the distillates. 

Acetic acid, which is evolved at low temperatures, gives evidence 
of the presence of an acety! grouping; and methyl alcohol is 
derived from a methoxyl group, the methoxy-content of the dop- 
plerite, as determined by Zeisel’s method, being 0-75 per cent. 
(on the ash-free, dry substance). The nitrogen in dopplerite is i 


fer firmly linked; easily decomposable imino-groups (>NH) are not 
= present in any quantity, whilst the pyridine groupings (SN), 


which are probably present, must be firmly attached to large 
molecules. 

In general, our examination of dopplerite shows its constitution 
to conform with that of the ulmins as disclosed by the work of 
Roger and Vulquin (loc. cit.). We see no reason to argue, with either 
Mareusson or Fischer and Schrader, the survival in the ulmins 
(or, therefore, in dopplerite), of one type of molecular structure, 
originally present in the plants from which the ulmins are derived, 
to the exclusion of another type; to argue, for example, the sur- 
vival of the lignone complex to the exclusion of the cellulose, or 
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vice versa; and we conclude that dopplerite is essentially a mixture 
of acid anhydrides of similar type. 

The chief constituents, derived from the degraded celluloses, 
lignocelluloses, and proteins condensed together (as with the amino. 
ulmins) and dehydrated, still preserve the original lignone and 
cellulose groupings. There are also present in these chief con. 
stituents new ringed compounds, some of which contain the group. 


ings CSo and —&s *N. Mauch of the original hydroxy] (alcoholic 
— —O g ) 


groupings remains unaltered, whilst a proportion has formed anhy. 
drides (ethers) and some has condensed with the carboxylic groupings 
present to form esters and lactones. Incidentally, there are present 
constituents, extractable in small quantity by organic solvents, 
representative of the original oils and waxes of the plants, or their 
decomposition products. 


The Mode of Formation of Dopplerite. 


From their earliest recognition, the natural ulmins have been 
regarded as the products of decay of vegetable matter. The parts 
of plants that may undergo the processes of decay are varied in 
character: xylem, parenchyma, phloem, mesophyll, epidermis, 
cork, etc., can all, presumably, contribute to the formation of 
ulmic substances provided that decay, by whatsoever means induced, 
is carried far enough. 

The mode of formation of modern peat-bogs, in which dopplerite 
is occasionally found, has received much study. Peats occur 
wherever vegetable debris is able to accumulate under suitably 
moist conditions. The deposition and accumulation of the debris 
is, in some instances, exceedingly slow; in others, it is more rapid. 
Some of the bogs are of considerable thickness, thirty feet or more, 
and it is known that some of the earliest formations date back to 
the Glacial epoch. When considering the reactions that may occur 
during the process of peatification, therefore, time must be recognised 
as an important factor. 

The types of plants which may accumulate and decompose, 
forming peat, are many and diverse. In a single peat-bog each 
layer may be composed of a different type of plants, each of which 
may have grown and accumulated under different conditions. It 
is usual to divide peat-bogs into two main classes, the Upland and 
the Lowland. The former are chiefly composed of sphagnum moss 
and heather, so far as present-day additions to them are concerned ; 
the latter are not now formed from mosses to an important extent, 
but are mainly from the Cyperacee, and from grasses of many 
varieties. During the formation of a peat-bog, each epoch had its 
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characteristic vegetation, of which, apparently, certain types pre- 
dominated as peat-forming materials. Sometimes the growth of 


ixture 


loses, timber has alternated with that of mosses or bog-plants, and then 
mino. ff well-preserved beds of timber are preserved in the bog, protected 
> and & from extreme decay by the overlying peat. 


con- 
Troup. 


Of the changes which occur in the decaying peat-forming materia] 
immediately after its deposition, decomposition by bacterial action 
js generally agreed to be of predominating importance. The 
extent of this action would appear to depend on local circumstances ; 
in some instances the vegetable structures are left almost intact, in 
others decomposition and disorganisation of the plant morphology 
is complete. 

It is generally assumed that the bacterial action causes its own 
defeat, the accumulation of products of the action antagonistic to 
bacterial life automatically ending the attack. It is, however, 
unlikely that the antiseptic property of the products of bacterial 
action on vegetable matter is the sole factor in determining the 
extent of that action. In many instances delicate and, presumably, 
most vulnerable tissues are found preserved intact in a matrix 
of disorganised material: in others, decomposition, to judge by 
the absence of morphological structures, is complete. Bacteria, 
then, if they were responsible for this complete decomposition, 
must have flourished in a high concentration of antiseptic 
material. 

That bacteria have played an important part in the initial decom- 
position of plant deposits is certain. The portions first attacked 
are, usually, the soft-walled cells, consisting mainly of unchanged 
celluloses, and many of the more delicate tissues, together with 
the proteins and other cell-contents, which are, indeed, less resistant 
to attack than the cell-walls. The lignified, suberised, and cuticu- 
larised tissues, spore exines, resins, and waxes are more resistant 
to, some of them perhaps immune from, bacterial decay. 

This view regarding the gradual decay, first of the less resistant 
plant structures and then, more slowly, of the more resistant, is 
borne out by all examinations of peat deposits; but the less resistant 
were not, apparently, always the celluloses and the proteins, for 
bacteria are known which attack the lignified tissues in preference 
to the unlignified. When considering the probable action during 
the early stages of formation of the older peat deposits, therefore, 
the possibility of bacteria (not necessarily identical with present-day 
types) having shown variety in their choice of plant-structures to 
attack should be borne in mind. 

The final products of bacterial action on plant debris are supposed 
to be the ulmins. Then, “regional metamorphism,” in which 


holic) 


inhy. 
pings 
sent 
ents, 
their 
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time, pressure, and temperature play their part, continues the 
peat-forming or coal-forming process. 

Can it be assumed, however, without definite proof, that the 
ulmins are indeed the final result, or necessarily the result at all, of 
bacterial action? The unlikelihood, to say the least, of bacterial 
action persisting in a medium unfavourable to bacterial life would 
render any alternative explanation of the frequent complete ulmi. 
fication of vegetable debris acceptable. 

It is well known that ulmins can be formed under aseptic con. 
ditions; certain purely chemical and (superficially) simple reactions 
are known which yield ulmins differing, so far as has been ascer. 
tained, in no essential particular from naturally occurring ulmins, 
For example, Maillard’s researches on the amino-ulmins have revealed 
a reaction, not dependent on bacteria, for the production of ulmins 
in nature of which it is difficult to believe Nature does not take 
advantage. This reaction, between carbohydrates and amino- 
acids, would occur as soon as the initial bacterial decomposition 
of celluloses, starches, etc., had produced materials of carbohydrate 
structure, and the decomposition of proteins had produced amino- 
acids. There the action of bacteria may be considered to end; 
thereafter, ulmification to be a chemical process. 

Whatever be the agencies that produce the ulmins, the final 
result of the decay of vegetable matter, as exemplified by peat, is 
an accumulation of plant remains of great diversity of character, 
preserved more or less intact, surrounded by coatings, and separated 
by layers, of an amorphous material, the ulmins. The quantity of 
these compounds in a peat increases with its age, and sometimes 
accounts for the major portion of the mass. 

Dopplerite, which is essentially an ulmin, is not a general, or even 
a frequent, constituent of peat-bogs. Observations regarding the 
occurrence of layers or accumulations of the brownish-black jelly, 
markedly different in appearance from the rest of the peat and 
therefore unlikely to be overlooked, have been few. The material 
must therefore be regarded as an abnormal result of peatification, 
and the conditions under which it occurs demand consideration. 

Deposits of dopplerite are usually recorded as having been found 
in a peat-bog at some distance below the surface. Von Giimbel 
(loc. cit.) described the deposit at Berchtesgaden as lying chiefly 
between two layers of peat (Fasertorf and Specktorf) although 
veins of it ran upwards, suggesting that the material had at one 
time been fluid, or, being plastic, had been forced under pressure 
into crevices. Friih also considered that dopplerite had at one 
time been fluid, because he so frequently observed it in conjunction 
with twigs or roots, as though it had flowed along them, and in 
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crevices. From the description given by Lewis (Proc. Amer. Phil. 
Soc., 1882, 20, 112) of a dopplerite deposit near Scranton in Penn- 
sylvania, this also had been fluid. 

The sample of dopplerite which we have examined, from Ireland, 
occurs about 10 feet below the surface of the bog in a layer about d 
3 inches in thickness, thinning off irregularly into the adjoining | 
peat. Although physically it is so different from the peat with 
which it is associated, we consider that chemically the peat and 
the dopplerite are similar. Flecks of dopplerite, a centimetre or 
more in diameter, occur throughout the mass of some peats, and 
the older deposits consist largely of amorphous ulmins encrusting 
or lying between undecomposed plant tissues. Thus Kaufmann 
(Jahrb. Geol. Reich., 1865, 15, 283) obtained from peat 9 feet below 
the surface of a bog 65 per cent. of material soluble in a solution of 
potassium hydroxide, and from an older peat 77 per cent. 

Several hypotheses can be advanced to account for the distinctive 


no 

ion @ form taken by the peat-ulmins when they appear as dopplerite. 
ate | The view that the deposits are the result of complete bacterial 
no- decomposition and ulmification of vegetable matter, as distinct 
id; —f from the self-checked bacterial action which is supposed to have 


produced the main mass of peat, is unsatisfactory. Apart from our 
inability to conjecture what might be the factors that could 
encourage such localised bacterial activity, we question the possi- 
bility of any bacteria being able to remain active in a medium 
inimical to themselves during a length of time sufficient to trans- 
form the whole of the vegetable tissues into that inimical medium. 
An alternative view is that dopplerite has arisen from peat ulmins 
that were deposited from solution. Fleissner (Berg. Hiittenmannisches 
Jahr., 1919, Part I), in a discussion of the mode of formation of 
coal and of lignite, has suggested that the seeming absence of ulmins 
in coal may be accounted for by their having been leached out of 
the coal-forming materials by the action of alkaline solutions : 
resulting from the disintegration of rocks. Whilst we do not , 
uphold the suggestion that ulmins are absent from coal, we can 
imagine that some such action as Fleissner has postulated might 
have produced in peat local concentrations of ulmins in solution, 
later to be precipitated by chance acidification; for example, by a 
stream of water containing iron sulphate in solution. Such a sequence 
of events would account both for the form taken by dopplerite and 
for the high proportion of iron and of alkaline earths in its ash. 
Another possibility lies in the formation of dopplerite masses 
in situ from solutions of amino-acids and carbohydrates produced 
from the accumulated vegetable matter by bacterial action. Such 


solutions would slowly interact, producing first water-soluble and 
41* 
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then insoluble ulmins. The presence of lime and alkalis in the 
ash of dopplerite would then be explained by the reactivity towards 
alkaline solutions evinced by the ulmins. 


Dopplerite in Relation to Coal. 


The general conclusion at which Stopes and Wheeler (op. cit., 
p. 41) arrived regarding the constitution of coal, as a result of their 
examination of the evidence available, was that “coal is a con- 
glomerate of morphologicaliy organised plant-tissues, natural plant- 
substances devoid of morphological organisation (such, for instance, 
as ‘resin’), together with the degradation products of a portion 
of the plant-tissues and cell contents comminuted, morphologically 
disorganised, or present in the form of varying members of the 
ulmin group.” 

With peat, ulmins extractable by a solution of potassium hydr- 
oxide may form 50 per cent. or more of the material; brown coals 
and lignites yield smaller quantities; whilst bituminous coals yield 
_ little or none. 

Two views may be held to account for this gradually diminishing 
content of soluble ulmins. The one assumes that through poly- 
merisation and dehydration (with the formation of anhydrides and 
lactones) the ulmins have been changed in character so as to lose 
their “ characteristic’ solubility in alkaline solutions; the other 
implies a difference in the mode of formation of the fuels. We 
incline to the former view, and consider that the amorphous 
cementing material for the numerous plant-structures in coal was 
originally a soluble ulmin, corresponding with the ulmins which 
surround and permeate the plant-structures in peat. 

Is there, then, in coal any counterpart of the dopplerites—the 
localised accumulations of ulmins—in peat? There are several 
instances of the occurrence of masses of similar jelly-like materials 
in lignites; for example, John (Verb. geol. Reichsanst., 1891, 64, 14) 
found in Bohemian lignite a black mass, resembling dopplerite in 
appearance and in its mode of occurrence, which he recognised as 
nearly pure ulmin, its analysis being: C, 55-00; H, 4-64; O and N, 
40-40 per cent. No instances of the occurrence of dopplerite in 
bituminous and anthracitic coals are known; nor are they to be 
expected, for the solubility in alkaline solutions possessed by 
dopplerite is a transient property which time can destroy by such 
slight changes as result in the formation of anhydrides and in the 
loss of carbon dioxide from carboxyl groupings. 

There is, however, in most bituminous coals a substance resembling 
dopplerite in many respects. This substance is “ vitrain,” the 
glistening black constituent of banded coals which has been 


TIDESWELL AND WHEELER: ON DOPPLERITE. 2355 


the B described by Stopes (Proc. Roy. Soc., 1919, [B], 90, 470) and of 
ards ff which we have made a chemical examination (T., 1919, 115, 619). 

Vitrain has numerous points of physical resemblance to dopplerite : 

it has a brilliant surface lustre and a conchoidal fracture indicative 

of its existence at some time in a fluid state; and it is amorphous. 
cit., Stopes (loc. cit.) refers to “‘ its structureless nature, as of a hardened 
heir J glue or jelly,” and it is generally regarded as having been formed | 
con- from a colloidal gel.* Microscopic examination of thin sections t 
ant- fails to reveal a trace of organised structure. 4 
nee, A comparison between dopplerite and vitrain as regards their 
ion chemical compositions and their behaviour towards reagents shows 
ally the extent to which changes have been effected in the former during | 
the the process of coalification. The dopplerite we have examined, | 


from an Irish peat-bog, and the vitrain, from Hamstead coal, can 


dr- be compared as follows : 
als 
“ Ultimate Analysis.— 
Per cent. on ash-free, dry material. 
C. H. O. N. 8. 
ing Irish dopplerite — ............seeees 57-9 5-31 34-6 2-10 0-70 
ly- Hamstead vitrain .............s0008 78-5 5:15 13-9 1-36 1-12 
nd * The suggestion that bituminous coal, particularly the bright portions, 
se is of a colloidal nature, and that certain bands in particular (which from 
er the descriptions given of them seem to correspond with Stopes’s vitrain) 
Ve still possess the characteristics of a colloidal gel, is of some antiquity. The 
; earliest reasoned exposition of this idea seems to have been that by Frémy 
us (Compt. rend., 1879, 88, 1048), although as early as 1807 Brongniart had 
as conceived of coal as having been a homogeneous liquid, saying that it was 
h “deposé ou formé étoit liquide homogéne et dans un grand degré de finesse, 
ce que prouve sa texture souvent parallélipipédique, et la maniére dont il 
” imbibe les couches qui l’enveloppent.” (“‘ Traité elementaire de minéralogie 
- avec des applications aux arts,’’ Vol. 2, Paris, 1807). One can believe, also, 


from his writings, that Hutton (‘‘ Theory of the Earth, with Proofs and 
Illustrations,” Vol. 1, Edinburgh, 1795) was imbued with the same idea. 

Since these early times the notion of a ‘ fundamental jelly ” from which 
the mass of coal was formed has received the attention of a number of workers : 
for example, Bertrand (Compt. rend., 1898, 127, 767); Grummit and Hickling 
(Proc. Manchester Phil. Soc., 1914); and Hickling (Trans. Inst. Min. Eng., 
1917, 58, 137); whilst the suggestion that particular portions of coal still 
retain some of the properties of a colloidal gel has been advanced by Potonié 
(Sitzungsber. Preuss. Akad. Wiss. Berlin, 1908, 2, 48); Dowling (Trans. Roy. 
Soc. Canada, 1910, 4, 23); Porter and Ralston (U.S. Bureau of Mines, Tech. 
Paper 65, Washington, 1914); and Stopes and Wheeler (“‘ The Constitution 
of Coal,” London, 1918), amongst others. From the general appearance 
and behaviour of vitrain, Stopes (Proc. Roy. Soc., 1919, [B], 90, 470) regarded 
this particular portion of bituminous coal as essentially colloidal, as have 
all who have examined the substance since she described it; compare, for 
example, Tideswell and Wheeler (T., 1919, 115, 619); Lessing (T., 1920, 
117, 256); Bone, Pearson, Sinkinson, and Stockings (Proc. Roy. Soc., 1922, 
[A], 100, 582); and Stopes (‘‘ Fuel,’’ 1922, 1, 22). 

41.*2 
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When the dopplerite was destructively distilled at low tempera. 
tures, large quantities of carbon dioxide and water were evolved ; the 
composition of the residue then closely approximated to that of the 
vitrain, as follows: C, 78-35; H, 4-96; O + N + S, 16-75 per cent. 


The Action of Solvents.— 


Extractive matter, per cent. 
Trish Hamstead 
Solvent. _ dopplerite. vitrain. 


Chloroform 2-85 
Alcohol 6-60 

34-00 
Aqueous potassium hydroxide... . 6-10 

With the gradual loss of carbon dioxide, acid compounds contain- 
ing carboxyl groupings would tend to approximate more nearly in 
character to hydrocarbon structures, and an enhanced solubility 
in organic solvents would be expected. At the same time, loss of 
acidity would cause decreased solubility in alkaline solutions. Loss 
of hydroxyl groups would have similar effects.* Already with 
dopplerite its solubility in alkaline solutions is less marked than 
that of the ulmin compounds in recent peat; solution is gradual, 
even on heating, and is not complete. This indicates that there 
has been some formation of anhydrides in dopplerite; although 
loss of carboxyl groups has only occurred to a small extent. 

Destructive Distillation—The presence of carboxyl groups in 
dopplerite causes carbon dioxide to be the principal gaseous product 
of distillation. Apart from this, the gaseous products from the 
dopplerite and the vitrain are similar and their composition varies 
with temperature in similar fashion (see Fig. 1, which should be 
compared with Figs. 1 and 2 in T., 1919, 115, 619). 

The liquid products, although they differ in amounts, dopplerite 
yielding much water and but little tar and vitrain yielding much 
tar, have nearly the same character from both substances and are 
evolved at nearly the same temperatures. Both tars are essentially 
phenolic, that from the dopplerite being somewhat the less complex. 

The similarity between the tars obtained from dopplerite and 
from vitrain is sufficient to show that both contain the same type 
of structure, a structure derived from the celluloses of the plants 
from which the ulmin compounds were formed. We consider that 
vitrain is similar to, but not identical with dopplerite, and that it 

* Professor Cobb has pointed out to us that if the gradual alteration in 
the constitution of any given ingredient of coal can be held to cause 
such a marked change in its behaviour towards solvents as is here suggested, 
any attempt to identify the original constituents of coal from a study of the 
action of solvents on coal is beset with difficulties; and that great caution 
is therefore necessary when drawing conclusions from such work regarding 
the nature of the coal conglomerate. 


TIDESWELL AND WHEELER: ON DOPPLERITE. 2357 


represents a more advanced stage in the process that has formed 
dopplerite from the decayed vegetation. 


EXPERIMENTAL. 

The specimen of dopplerite which we have examined was obtained 
through the kindness of Professor Purcell. It occurs in the Sluggan 
Bog, County Antrim, Ireland. As received, the dopplerite was 
mixed with a considerable quantity of peat, from which, however, 
it could readily be separated. The jelly-like mass varied in texture ; 
most of it had a dull appearance and freshly-broken pieces had a 
matte surface, but there was also a quantity of a brilliant black jelly 
the surface of which was uniformly glossy. The latter material 
was carefully separated from the dull jelly and used for the majority 
of our experiments ; although the diiference between the two varieties 
of dopplerite seems to be mainly one of texture, for on long keeping 
(in an air-tight receptacle) the dull material gradually altered in 
appearance, so that fractured surfaces of it were as brilliant as those 
of the original brilliant jelly. Analyses were as follows, calculated 


on an ash-free, dry basis, per cent. : 
Brilliant. 

56-70 

Hydrogen . 4-92 

Oxygen , 36-60 

Nitrogen ° 1-10 

0-70 
On drying artificially, the material shrank and hardened, and 
the brilliant jelly assumed the appearance of some naturally dried 
pieces which accompanied the sample embedded in fibrous peat. 
This naturally dried dopplerite was a hard, shining, black substance 
similar in appearance to polished jet, or to the vitrain of banded 


bituminous coals. 

The undried dopplerite contained much moisture; the loss in 
weight on drying in a current of nitrogen at 105° was 74 per cent. 
The ash-content varied in different determinations between 3°5 and 
5 per cent. The composition of the ash, obtained on incineration 
at 700°, is given in the table that follows, Demel’s analysis of the 
ash from the dopplerite of Aussee being given for comparison : 


Ash from Aussee 

Ash from Irish dopplerite. dopplerite (Demel). 
SiO, 1-92 per cent. —_— 
Alo? a 12-02 per cent. 
MnO, 0-62 
CaO 56-96 
MgO 4-27 
Na,(K,)O 4-64 
SO, 10-63 
P,O,; traces 

traces 
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One-third of the ash (of the Irish dopplerite) was soluble jy 
water and the remainder was soluble in hydrochloric acid. The 
high content of lime, which was not in combination with ay 
inorganic acid, agrees with the observations of others. The iron 
and the sulphur were partly in combination as sulphate; the main 
bulk of the ash was light grey in colour, but it contained 
flecks of red material in which the iron was concentrated. 

Acidity—The moist dopplerite was of distinctly acid reaction 
towards litmus paper. It was soluble for the most part in alkaline 
solutions, although with difficulty. A 15 per cent. potassium 
hydroxide solution was coloured dark brown when pieces of dop. 
plerite were placed in it, but even after ten weeks much of the 
material remained undissolved. A quantitative determination of 
the solubility of the dopplerite in potassium hydroxide (5 per cent.) 
showed : 

Soluble after ten days in the cold 37-5 per cent. (on dry material). 
Soluble after further treatment during 

four hours at boiling-point ° am 
Insoluble residue ' ” 

This slow rate of solubility points to the dopplerite being mainly 
a stable acid anhydride, and not an acid. The insoluble portion 
may be the result of change of the original dopplerite, due to loss 
of carboxyl, for example; or it may be an insoluble alkaline salt, 
or series of salts, such as have been’ observed with other ulmins 
(compare Berthelot and André, loc. cit.). 

Extraction with Organic Solvents.—Five-gram samples of the 
dried material, pulverised and sieved through a 200 x 200 mesh 
sieve, were extracted in a Soxhlet apparatus (a) successively with 
different solvents, each extraction being continued during several 
days; and (6) with pyridine. The extract was separated by 
evaporation of the solvent in a vacuum; the quantities thus esti- 
mated were as follow : 


(a) By chloroform 0-46 per cent. 
By ethyl alcohol 0-96 
By ethyl ether . 
By acetone 


Total 2-04 per cent. 

(6) By pyridine 3-50 per cent. 
Fractional Distillation. Gaseous Products—One gram of the 
dried material was heated in a vacuum, first at 150° and thereafter 
at intervals of 50° up to 600°, and the gases evolved at each stage 
of the heating were collected and analysed. Heating at each 
temperature was maintained during twenty-four hours, by the end 
of which time decomposition was complete. The results were as 

follow : 
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TaBe IT. 


Analyses of gases evolved at different temperatures. 
Temperature ... O—150° 200° 250° 300° 350° 400° 450° 500° 550° 600° 
(.c. of gases at 

BPM. ccccevses 50 12-4 21:0 16-8 16-1 21-9 31-9 40-0 40-0 
Analysis, per cent. : 
Absorbed by conc. 

H,SO, anaes ‘ 5-0 6°4 
Carbon dioxide 2. 3-7 72-7 67-0 47-6 
Oxygen _- y2 02 Ol 
Saaaied by 

bromine water , 0-6 14 
Carbon monoxide ° 23-7 30-9 ° 
Hydrogen 
Paraftins 


oi 
“Ss 
74) 


3-0 13-1 


98-4 99-1 99-4 99-5 99-5 99-5 99-4 99-6 99-7 


The volumes of the principal gases evolved at each temperature, 
per gram of ash-free, dry material, were : 


TABLE ITI. 


Volumes of principal gaseous products. C.c. at N.7'.P. 
Temperature ... 0—150° 200° 250° 300° 350° 400° 450° 500° 550° 600° 
Carbon dioxide 48 11:0 17-6 14:7 84 42 30 30 15 03 
Carbon monoxide 0:3 19 48 53 56 59 6: 7-2 88 10-0 
Hydrogen — _ — 7: 19-2 29-1 30-6 

finns ah aie . . . 5 40 25 Ll 

These results are recorded graphically in Fig. 1, from which the 
nature of the various thermal decompositions is apparent. The 
first gaseous products of decomposition are the oxides of carbon, 
carbon dioxide preponderating. The quantity evolved of the 
latter increases with increased temperature up to 250° and there- 
after rapidly decreases, giving place to carbon monoxide, the 
evolution of which slowly increases up to 600°, the maximum 
temperature employed. Paraffins begin to make their appear- 
ance at 300° and are evolved in maximum quantity at 450°. Hydro- 
gen, first observed over the range 350—400°, rapidly increases in 
quantity as the temperature is raised. 

Fractional Distillation. Liquid Products —The arrangement of 
the apparatus used was similar to that described by Jones and 
Wheeler for vacuum distillation (T., 1914, 105, 140), save that, 
instead of the spherical glass retort used by them, a cylindrical 
retort, 4 cm. in diameter and 20 cm. long, was employed. The 
material, which loosely filled the retort, was dried at 105° in an 
atmosphere of nitrogen and ground to pass a 10 x 10 and remain 
on a 30 x 30 mesh sieve; it weighed 120 grams. 

The mode of procedure was to raise the temperature gradually, 
noting any evolution of gases or of liquids, and, whenever an obvious 
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decomposition point was reached, to maintain the temperature at 
that point until decomposition was complete. The distillation, 
throughout which a vacuum of about 10 mm. was maintained, 
lasted during three weeks. A number of fractions of liquid dis. 
tillates were collected in an uncooled receiver and in receivers 
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cooled by a solution of solid carbon dioxide in ether, and were 
examined separately. The sequence of events was as follows : 


Temperature. Distillate. 
Copious evolution of water. 
Water, coloured light brown, but no oils. Gases, containing 
hydrogen sulphide in quantity. 
Water, coloured dark brown, with a little oil emulsion. 
Water and a light brown oil. 
330—350° A viscous, brown oil appeared at 330°. Much water still 
evolved. 
360—400° A viscous, red oil appeared at 360°, 
400—450°_ A little oil. 
450—500°_ A little oil. 
500—550° No further distillation of oils. 
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The residue remaining in the retort at the end of the distillation 


> at 

ion, @ resembled closely the original dried dopplerite, although the pieces 
ed, had shrunk slightly; it weighed about 55 grams, or 45 per cent. 
lis. of the material taken for the distillation. 


The distillates were separated for examination as follows: 
(A), up to 90° (7 c.c.); (B), 90—270° (17 c.c.); (C), 270—410°, 
cooled receivers only (3 c.c.); (D), 410—550°, cooled receivers 
only (2°5 c.c.); (E), 270—550°, uncooled receiver (3 c.c.). Frac- 
tions D and E contained a small quantity of a crystalline substance, 
some of which also collected in the leading tube from the retort. 
This was chiefly ammonium carbonate, with some ammonium 
formate and ammonium chloride. Some viscous oils that had 
collected in the neck of the retort were extracted with ether and 
added to fraction E. 

In each instance the aqueous portion of the distillate was 
examined for ammonia, acids, and furfural. The oils were separated 
by washing into basic, phenolic, and acidic fractions, which were 
examined separately. The results of the examination are shown 


in Table IV. 


TaBLe IV. 
Liquid distillation products. 
Aqueous distillate. Oils. 
Percentages on Percentages on original 
original, ash-free, dry ash-free, dry dopplerite. 
Temperature. dopplerite. 


Water. Ammonia, Acids. Bases. Phenols. Acids. Neutral Oils, 


Up to 90° 
(Fraction A) ...... 7-0 — _- = — — — 
(Some methyl alcohol, 
but no_ aldehydes, 
ketones, or organic 
acids. ) 
Between 90° and 270° 
(Fraction B) ...... 15-0 0-003 0-10 traces nil 0-002 0-007 


(The acid had an equiv- 
alent 416; acetic acid 
was present, and fur- 
fural 0-036 per cent.) 


Between 270° and 410° 
(Fraction C) 2-5 0-002 — traces nil 0-002 0-015 


(Furfural was absent.) 
Between 410° and 550° 


(Fraction D) ...... 2:0 0-004 — Not examined. 
Between 270° and 550° 
(Fraction E) ...... 1:7 0-040 001 002 0-65 0-023 0-30 


(Organic acids, equiv- 
alent 285, and a weak 
base present; no fur- 
fural.) 

Totals. Per cent. on original, ash-free, dry dopplerite: water, 28-0; am- 
monia, 0:05; bases, 0-02; phenols, 0-65; acids, 0-14; neutral oils, 0-32. 
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The outstanding feature of the distillation is the quantity of 
water evolved, amounting to 28 per cent. of the dry dopplerite, 
The production of water reached its maximum at about 270° 
above which temperature it decreased rapidly. Between 90° and 
270°, the aqueous distillate was acid owing to the presence of 
acetic acid and, in smaller quantity, of more complex organic 
acids; above 270°, the aqueous distillates became alkaline, and 
only traces of acids (including formic acid at the higher temperatures) 
were present. Ammonia was present in all the fractions, but chiefly 
in those obtained above 400°, as were the organic bases. Furfura| 
was produced in small quantity (0°03 to 0°05 per cent.) below 270°, 
but was not observed in the distillates obtained at higher tem. 
peratures. 

Cresols, distilling between 190—200°, were isolated from the 
phenolic portion of the oils, their quantity accounting for about 
75 per cent. of the total phenols, which had the reactions of the 
simple phenols. No evidence was obtained of the presence of 
pyrocatechol or other of the polyhydroxyphenols. 

A saturated hydrocarbon, m. p. 45°, was isolated from the neutral 
oils by fractional solution and crystallisation from pentane and 
alcohol. The neutral oils also contained a carbohydrate decom- 
position product; the remainder consisted of hydrocarbons, both 
saturated and unsaturated. 
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CCLXXXIII.—Preparation of Sodium and Potassium 
Phthalimide. 


By Dauziet LLEWELLYN HAMMIcK and GEORGE HazLEwoop 
LOCKET. 


THE preparation of the sodium and potassium derivatives of 
phthalimide by the original method of Landsberg (Annalen, 1882, 
215, 181) is unsatisfactory in several respects. Thus the use of 
ethyl-alcoholic solutions of the metal hydroxides involves, in each 
case, large volumes of solvent and, in the case of sodium hydroxide, 
the presence of water as well. Good yields of sodium phthalimide 
cannot therefore be expected by the action of aqueous alcoholic 
sodium hydroxide on an alcoholic solution of phthalimide. 

In order, therefore, to minimise the quantity of ethyl alcohol 
required, and, in the case of the sodium derivative, to avoid the 
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presence of water entirely, alcoholic solutions of phthalimide were 
treated with solutions of sodium or potassium ethoxide. The 
yields of sodium and potassium phthalimide thus obtained were 
by no means quantitative. On working, however, in amyl alcohol 
solution with sodium or potassium amyloxide, very nearly quanti- 
tative yields of the metallic derivatives were obtained. 

Sodium Phthalimide (with ethyl alcohol as solvent).—Phthalimide 
2-4 grams, previously dried in the steam-oven) was dissolved in 
80 c.c. of ethyl alcohol (distilled from lime), the solution heated 
to its boiling point, and a hot solution of 0°6 gram (14 atoms) 
of sodium in 30 c.c. of ethyl alcohol added. When cold, the white 
precipitate was filtered off, washed with ether (dried over sodium), 
and dried in the oven. The alcoholic filtrate, treated with ether, 
deposited a further quantity of sodium phthalimide on standing 
over-night. The total weight of dry salt was 1:37 grams (50 per 
cent. of the theoretical yield) (Found: Na = 13-7. Cale., Na = 
13-6 per cent.). 

Potassium Phthalimide (with ethyl alcohol as_ solvent).—The 
procedure was the same as for the sodium derivative. The potassium 
ethoxide (14 times the theoretical quantity) was prepared by dis- 
solving the potassium in alcohol diluted with dry ether, which was 
driven off when the solution was raised to boiling on the water-bath. 

No further precipitate was obtained on treating the alcoholic 
filtrate with ether. The yield was 68 per cent. of the theoretical 
(Found: K = 21-3. Calc., K = 21-1 per cent.). 

Sodium Phthalimide (with amyl] alcohol as solvent).—The amyl 
alcohol used was distilled with benzene to remove water; the 
fraction used boiled at 129—129°5°. 

Phthalimide (2°7 grams) was dissolved in 35 c.c. of amyl alcohol 
and treated hot with a hot solution of 14 times the theoretical 
quantity of sodium in 30 c.c. of amyl alcohol. The precipitate 
was cooled, filtered, and washed with ether. No further precipitate 
was obtained from the filtrate with ether (yield 91 per cent.) (Found : 
Na = 13-8 per cent.). 

Potassium Phthalimide (with amyl alcohol as solvent).—The 
procedure was the same as that followed for the sodium derivative. 
No further yield was obtained from the filtrate (yield 97 per cent.) 
(Found : K = 21-2 per cent.). 
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CCLXXXIV.—2 : 4-Dinitrobenzil. 


By Geratp BisHor and Oscar Liste Brapy. 


THE unsymmetrical benzils and their derivatives have not been 
studied to any great extent, although List (Ber., 1893, 26, 2451) 
has done some work on the oximes of o- and p-nitrobenzils. A 
certain amount of interest attaches to these compounds on account 
of the peculiarities often associated with unsymmetrical substances 
and the possibilities of isomerism among their derivatives; for 
example, on the usually accepted theories, there should exist four 
monoximes and four dioximes and a similar number of phenyl. 
hydrazones and semicarbazones. Possibly the difficulty of pre- 
paring these derivatives has militated against their investigation, 
the usual benzoin condensation not being available, as this must 
result in symmetrical compounds. The unsymmetrically sub- 
stituted stilbenes seemed to be convenient starting materials, and 
the ease with which the unsymmetrical di- and tri-nitrostilbenes 
could be prepared by the condensation of di- and tri-nitrotoluenes 
with benzaldehyde led to the choice of these compounds for a 
preliminary investigation. Another method of preparation of stil- 
benes was investigated, but without satisfactory results. It is stated 
(Curtius and Jay, J. pr. Chem., 1889, [ii], 39, 45) that the azines 
on distillation lose nitrogen to give stilbenes, CHR:N-N:CHR — 
CHR:CHR + N,. This reaction takes place, but not so readily 
as one is given to understand; p-nitrobenzylideneazine on distil- 
lation in a vacuum is converted into 4 : 4’-dinitrostilbene, but when 
anisylideneazine is heated even under atmospheric pressure, much 
of the compound distils unchanged. This method would give 
symmetrical compounds, but it was hoped that the unsymmetrical 
azine could be obtained by condensing, for example, m-nitro- 
benzylidenehydrazine with benzaldehyde, and that the decom- 
position of these substances would yield the stilbene. 


NO,-C,H,-CH:N-NH, + C,H,CHO> NO,-C,H,CH:N-N:CH-C,H,> 
NO,-C,H,CH:CH-C,H, + Nj. 


It was found, however, that treatment of the hydrazine with 
another aldehyde resulted in a mixture of the two symmetrical 
azines. 

The conversion of the stilbene into the benzil depends, in the 
first instance, on the formation of the dibromo-compound. A 
number of poly-nitrostilbenes were investigated, and it was found 
that addition of bromine took place but very slowly if more than 
two nitro-groups were present in one ring; the 2 : 4-dinitrostilbene 
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obtained by the condensation of 2: 4-dinitrotoluene and benz- 
aldehyde in the presence of piperidine was therefore chosen. The 
subsequent conversion of this compound into 2: 4-dinitrobenzil 
may be summarised by the following reactions : 


(NO,).C,H,CH:CH-C,H, —> (NO,),C,H,CHBrCHBrC,H, —> 
(NO,),C,H,*CH(OH)-CH(0,C,H,)C,H, —> 
(NO,),C,H,*CH(OH)-CH(OH)-C,H, —> (NO,),C,H,-CO-CO-C,H;. 


These call for no special comment beyond the fact that the replace- 
ment of bromine can be effected only by means of silver acetate ; 
alcoholic potassium acetate results in an almost quantitative 
regeneration of the original stilbene, not, as might be expected, 
the acetylene derivative. 


(NO,),CgsH,-CHBr-CHBrC,H, —> (NO,),0,H,CiC-C,H; + 2HBr. 


Forst and Zincke (Annalen, 1876, 182, 262) found that this reagent 
converted stilbene dibromide into stilbene and w-bromostilbene. 
The position of the acetyl group in 2: 4-dinitrohydrobenzoin 
acetate has not been proved, but it is reasonable to expect that 
it would take up the position more remote from the acidic dinitro- 
phenyl group. 

So far, only two of the four possible monoximes have been 
obtained; «-2 : 4-dinitrobenzilmonoxime, formed by the action of 
hydroxylamine hydrochloride on the ketone, does not possess the 
same configuration that List (loc. cit.) found for the oxime of 
o-nitrobenzil obtained in a similar manner. He assigns to his 
compound the structure (I) owing to its decomposition by alkalis 
into salicylic and benzoic acids through the indoxazen (II) : 


a ee es aps 
NO, 0 
(L.) (II.) 


a-2:4-Dinitrobenzilmonoxime has the other carbonyl group 
oximated, and must have the structure (III), as the Beckmann 
transformation results in the production of benzonitrile and 
2: 4-dinitrobenzoic acid : 


(NO.),CgHs*CO-C C,H; pa, 


(u.) HON sa Pre 


°C , 
(NO ) C H ft C,H; 4 (NO,),C,H,*CO,H + C,H, ON. 
2/26°*3 


HO-€ Osis) a 
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With alkali, the «-monoxime is decomposed with the production 
of benzaldehyde and dinitrobenzoic acid : 


(NO,).C,H,CO*C-C,H 
HON 


5 —> 

(NO,),C,H,°CO,H + C,H,;-CHO + NH,-OH. 
8-2 : 4-Dinitrobenzildioxime was prepared by the action of free 

hydroxylamine on an ice-cooled solution of the ketone, and this 

has a structure (IV) analogous to that of the oxime of List. The 

Beckmann transformation results in this case in the production 

of benzoic acid and dinitroaniline, 

(NO,),CgH3*C—CO-C,H; sali | — vain 

HON (NO,),C,H,°N 

(NO,),.C,H;"NH, + C,H,;*CO,H + H-CO,H, 

whilst the action of alkalis, even in the cold, is very rapid, giving 

benzoic acid and 4-nitrosalicylonitrile, the indoxazen (V) being very 

unstable and impossible to isolate. 


(IV.) 


\—¢ ‘COPh 
NOX’ /\HON > 


9 
“ 


“~\ 


vol) 


So far, only one monophenylhydrazone and one semicarbazone 
have been prepared, but the configuration of these compounds has 
not yet been determined. 


OAT Ph:CO;H. 


EXPERIMENTAL. 


2 : 4-Dinitrostiibene—Two methods have been described for the 
condensation of di- and tri-nitrotoluenes with aromatic aldehydes 
to give stilbene derivatives. Thiele and Escales (Ber., 1901, %, 
2843) prepared 2 : 4-dinitrostilbene by heating 2 : 4-dinitrotoluene 
with benzaldehyde in the presence of a few drops of piperidine for 
a short time at 160—170° and then for two hours at 130—140°. 
Pfeiffer and Monath (Ber., 1906, 39, 1306) prepared 2: 4: 6-tri- 
nitrostilbene and 2 : 6-dinitrostilbene in a somewhat similar manner. 
Later, Ullmann and Gschwind (Ber., 1908, 41, 2296) prepared 
2:4: 6-trinitrostilbene and 2: 4:6: 4’-tetranitrostilbene by con- 
densing 2:4: 6-trinitrotoluene with benzaldehyde and p-nitro- 
benzaldehyde in alcoholic solution in the presence of piperidine. 
These methods are not entirely satisfactory, especially in the case 
of the trinitro-compound, which, in the absence of a solvent, is 
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very liable to inflammation owing to the vigour of the reaction. 
Better results have been obtained by the use of benzene as a 
glvent, which moderates the reaction and avoids the formation 
of complex compounds of the nitrotoluenes with the piperidine 
and alcohol. 

A mixture of 180 grams of 2 : 4-dinitrotoluene and 100 grams of 
benzaldehyde was dissolved in 70 c.c. of benzene, 1 c.c. of piperidine 
added, and the solution boiled on the water-bath under reflux for 
twelve hours, an additional 1 c.c. of piperidine being added at the 
ad of six hours. The benzene was then evaporated and the dark 
brown, crystalline mass washed with a mixture of equal volumes 
of benzene and light petroleum. The residue was dried and 
aystallised from glacial acetic acid, when a 60 per cent. yield of 
pure product was obtained. 

2:4: 6-T'rinitrostilbene—A mixture of 20 grams of 2: 4: 6-tri- 
nitrotoluene and 9°6 grams of benzaldehyde was dissolved in 
10 c.c. of benzene, a solution of 1°5 c.c. of piperidine in 10 c.c. 
of benzene added with thorough shaking, and the mixture heated 
under reflux on the water-bath for three hours. Alcohol (200 c.c.) 
was then added to the hot solution, and, on cooling and scratching, 
the trinitrostilbene separated in yellow crystals, which, after 
washing with cold alcohol, were practically pure, but may be 
crystallised from alcohol. Yield 80 per cent. 

2:4:6:2’- and 2:4:6:3’-Tetranitrostilbenes—To a benzene 
solution of 15 grams of 2:4: 6-trinitrotoluene and 10 grams of 
0- or m-nitrobenzaldehyde, 1 c.c. of piperidine in 20 c.c. of benzene 
was added and the mixture heated under reflux on the water-bath 
foran hour. The mixture was then cooled and the tetranitrostilbene 
which crystallised out separated. 2:4: 6: 2’-Tetranitrostilbene 
crystallises from alcohol in glistening, light brown needles melting 
at 181° (Found: N= 15°5. C,,H,O,N, requires N = 15°5 per 
eent.). 2:4:6:3’-Tetranitrostilbene crystallises from boiling benz- 
ene, to which a little acetone has been added to increase the solvent 
action, in lemon-yellow leaflets melting at 159° (Found: N = 15°35. 
C,4H,O,N, requires N = 15°5 per cent.). 

Monoacetyl - 2 : 4 - dinitrohydrobenzoin.—The 2 : 4 - dinitrostilbene 
was brominated in the way described by Thiele and Escales (loc. 
cit.) and the resulting 2:4-dinitrodibromostilbene boiled with 
silver acetate in glacial acetic acid solution until no more silver 
bromide was precipitated (compare Forst and Zincke, loc. cit., 
who obtained a mono- and a di-acetylhydrobenzoin from stilbene 
dibromide by this method). On pouring into water, a yellow, 
resinous mass separated which became partly crystalline after 
some hours. A portion was crystallised from glacial acetic acid, 
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when the monoacetyl-2 : 4-dinitrohydrobenzoin separated in large, 
irregular, lemon-yellow crystals melting at 182° (Found : Ac = 12/7, 
C,,H,,0,N, requires Ac = 12°4 per cent.). Decomposition of the 
dibromodinitrostilbene with sodium or potassium acetate under 
various conditions resulted in its conversion into the original 
stilbene. 

2 : 4-Dinitrohydrobenzoin.—The crude acetyl compound obtained 
above was hydrolysed by boiling under reflux for an hour with 
alcohol containing 20 per cent. of sulphuric acid. On pouring the 
solution into water, a soft, wax-like substance was precipitated 
which, by crystallisation from alcohol, gave the 2 : 4-dinitrohydro. 
benzoin as a white, crystalline powder melting at 148° (Found: 
N=9°6. ©,,H,.0,N, requires N = 9-2 per cent.). 

2 : 4-Dinitrobenzil.—The above dinitrohydrobenzoin was heated on 
the water-bath with four times its weight of nitric acid (d 1-4) until 
brown fumes were no longer evolved (about six hours). On pour- 
ing into water, a yellow, wax-like solid was obtained which, on 
washing with a little ether, gave the dinitrobenzil in a crystalline 
form. This was purified by crystallisation first from glacial acetic 
acid and then from alcohol, when the 2: 4-dinitrobenzil was 
obtained in canary-yellow, rectangular plates melting at 105° 
(Found: N=9°4. (C,,H,O,N, requires N = 9°3 per cent.). The 
total yield of 2: 4-dinitrobenzil calculated on the dinitrostilbene 
used was about 30 per cent. 


a-2 : 4-Dinitrobenzilmonoxime, NOs) Oe Ha et ee —2 :4-Di- 


nitrobenzil in alcoholic solution was heated with hydroxylamine 
hydrochloride (3 mols.) on the water-bath for two hours. The 
mixture was poured into water and the precipitated oxime crystal- 
lised from alcohol, when it was obtained in pearly leaflets melting 
at 181° (Found: N = 13-6. (C©,,H,O,N, requires N = 13°3 per 
cent.). 
(NO,),CgHsC*COCeHs an ice. 
HON 

cooled solution of 2: 4-dinitrobenzil in alcohol was shaken with 
excess of an alcoholic solution of free hydroxylamine, prepared by 
decomposing an alcoholic solution of the hydrochloride with the 
calculated quantity of sodium dissolved in alcohol. After a few 
minutes, a white precipitate appeared which at the end of an 
hour was collected, dried, and crystallised from benzene and light 
petroleum. The oxime was thus obtained as a white, microcrystal- 
line powder melting at 159° (Found: N= 13:1. C,,H,O,N; 
requires N = 13°3 per cent.). 

Determination of the Configuration of «- and 8-2 : 4-Dinitrobenzil- 


8-2 : 4-Dinitrobenzilmonoxime, 
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large, | monoxime.—«-2 : 4-Dinitrobenzilmonoxime was dissolved in dry 
127, § ether, cooled in ice, and the calculated quantity of phosphorus 
f the § pentachloride added. After about an hour, a white substance 


under | began to separate and after five hours this was collected, washed 
iginal § with a little alcohol and then with water, dried, and crystallised 
from benzene and light petroleum. The chloro-compound formed 
ained § 2 white, crystalline powder which slowly decomposed on heating 
with § (Found: N= 12°9. C,,H,O;N,Cl requires N = 12°6 per cent.). 
> the § Leaving in contact with moist ether resulted in the decomposition 
fated § of this substance into benzonitrile and dinitrobenzoic acid, a result 
ydro- §: which can be brought about more readily by shaking an ethereal 
ind: J suspension with dilute sodium hydroxide solution. The ether 
layer on evaporation yielded benzonitrile, which was identified 
don § by its odour and by hydrolysis to benzoic acid and ammonia, 
until § whilst the alkaline layer, on acidification, yielded 2 : 4-dinitro- 
our- § benzoic acid. When 8-2: 4-dinitrobenzilmonoxime was treated in 
, on § a similar manner, the intermediate compound was not isolated. 
lline J The ethereal solution was therefore shaken with sodium hydroxide 
etic # solution; benzoic acid was separated from the alkaline layer, and 
was § the ether on evaporation gave an oil with a carbylamine-like odour 
105° § which on hydrolysis gave 2 : 4-dinitroaniline. 
The Action on Alkalis of «- and 8-2 : 4-Dinitrobenzilmonoxime.—The 
ene § x-oxime, on heating on the water-bath with 2N-sodium hydroxide, 
was decomposed, a strong odour of benzaldehyde being observed ; 
the benzaldehyde was distilled in steam and identified by the 
formation of the semicarbazone. The alkaline liquor on acidification 
ine | gave a brown, amorphous precipitate which deflagrated on heating 
The | and appears to be the usual product of the action of warm alkalis 
tal- | on dinitrobenzoic acid. 
ing The 8-oxime is much more readily acted upon and treatment with 
per | cold 2V-sodium hydroxide resulted in elimination of nitrous acid 
and decomposition of the resulting indoxazen into 4-nitrosalicylo- 
nitrile and benzoic acid. The oxime was treated with cold 2N-sodium 
hydroxide and after leaving for a few minutes the solution was 
ith | saturated with carbon dioxide and extracted with ether. The 
by ]} alkaline layer, on acidification and extraction with ether, yielded 
he benzoic acid; the ethereal extract on evaporation gave 4-nitro- 
ew | salicylonitrile, which, after crystallisation from alcohol, melted at 
an 169° (compare Borsche and Oppenheimer, Annalen, 1912, 390, 10) 
ht | and was identified by hydrolysis to 4-nitrosalicylic acid and com- 
al- | parison with another specimen of that compound. 
N; 2 : 4-Dinitrobenzilmonophenylhydrazone.—An alcoholic solution of 
2: 4-dinitrobenzil was heated on the water-bath for an hour with 
phenylhydrazine (3 mols.). The mixture was_poured into water 
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and the precipitated phenylhydrazone crystallised from alcohol, 
when it separated in orange-red needles melting at 210° (Found: 
N = 145. CgH,,0,;N, requires N = 14°3 per cent.). 

2 : 4-Dinitrobenzilmonosemicarbazone.—An aqueous alcoholic solu. 
tion of 2: 4-dinitrobenzil was warmed on the water-bath for half 
an hour with excess of semicarbazide hydrochloride and potassium 
acetate. The solution was poured into water and the precipitate 
crystallised from alcohol, when the semicarbazone was obtained 
as a white, crystalline powder melting at 215° (Found: N = 19°5, 
C,;H,,0,N; requires N = 19°5 per cent.). 

THe RatrpH Forster LABORATORY OF ORGANIC CHEMISTRY, 

University CotLEGE, Lonpon. [Received, September 26th, 1922.) 


CCLXXXV.—Mutarotation and Pseudo-mutarotation of 
Glucosamine and iis Derivatives. 


By James CoLtquHoun Irvine and JoHN CAMPBELL Eart. 


IN a previous communication (Irvine and Hynd, T., 1913, 103, 41), 
a description was given of synthetical aminoglucosides derived from 
d-glucosamine, and attention was directed to the curious optica. 
behaviour of the compound then termed “ triacetyl «-aminohelicin 
hydrobromide.”’ It was stated that the glucoside salt showed in 
methyl alcohol an initial specific rotation of + 200°1° and that 
this value steadily diminished to + 43°5°, where it remained 
constant. As glucosides do not display mutarotation under 
ordinary conditions, the suggestion was put forward that this 
change in activity might be due to interaction between the aldehydic 
group of the glucoside and the solvent alcohol. The name “ psezdo- 
mutarotation ’’ was accordingly applied to the phenomenon, as it 
involved a reaction not readily reversible. 

An opportunity having arisen to resume our studies of glucos- 
amine derivatives, we have examined this case of pseudo-muta- 
rotation in greater detail and have included also a reinvestigation 
of the normal mutarotation displayed by glucosamine hydro- 
chloride. As the observations made on the salt of the amino- 
sugar have an indirect bearing on its relationship to either glucose 
or mannose, they may be discussed in the first instance. 

In describing our new results it is necessary to refer to earlier 
work on the subject, as otherwise confusion may arise owing to 
the nomenclature formerly applied to mutarotatory isomerides. 
Tanret (Bull. Soc. chim., 1897, [iii], 17, 802) recorded the existence 
of two modifications of glucosamine hydrochloride which he differ- 
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entiated by the prefixes « and 8. The former type showed in 
aqueous solution an initial specific rotation of -+ 100°, which 
diminished to the constant value + 72°5°. The variety of glucos- 
amine hydrochloride then existing in solution was isolated by 
precipitation with alcohol, and was termed the $-form by Tanret. 
In the light of current views, this nomenclature is inexact, as, 
although the name “ «-glucosamine hydrochloride ” may justifiably 
be applied to the form showing downward mutarotation, the 
expression 8 should be reserved for the isomeride displaying the 
converse optical change. Tanret’s “ 8-glucosamine hydrochloride ”’ 
is obviously an equilibrium mixture of «- and {-isomerides, and it 
would appear that hitherto no workers have obtained a form of 
the amino-sugar showing upward mutarotation, although, from 
analogy with other reducing sugars, such a form should exist. 
The isolation of authentic $-glucosamine hydrochloride is, in fact, 
a matter of some importance, as it bears on the question of whether 
glucosamine possesses the glucose or mannose configuration. It 
has been established by Hudson (J. Amer. Chem. Soc., 1909, 31, 
66; 1910, 32, 889) that definite numerical relationships exist 
between the molecular rotations displayed by «- and $-forms of most 
aldose sugars, the difference of the two values usually lying between 
the limits 16,500 and 18,500. Now, accepting Tanret’s figures for 
the varieties of glucosamine hydrochloride he describes, the mole- 
cular rotation difference is 5950. According to this result, glucos- 
amine is comparable, not with glucose, but with mannose, which 
shows divergence in optical behaviour from the normal aldoses. 
It is clear, therefore, that failure to isolate a variety of glucosamine 
hydrochloride showing upward mutarotation would immediately 
place glucosamine in the same category as mannose. On the 
other hand, if a form of glucosamine hydrochloride were obtained 
which displayed on solution an increase of rotation in the dextro- 
sense, the optical values might conform to Hudson’s generalisations 
and thus bring glucosamine into line with glucose. 

It has now been definitely established that Tanret’s “ 8-glucos- 
amine hydrochloride ” is not a pure optical variety, but a mixture 
of two forms showing widely divergent specific rotations. As 
described in the experimental part, this mixture was separated 
approximately by dissolving in water and pouring into alcohol, 
the «-form being thus precipitated and the more soluble 8-variety 
retained in solution. On the addition of ether, the 8-form was 
precipitated. This showed extensive upward mutarotation in the 
dextro sense when dissolved in water, and by systematic fractional 
precipitation a pure stereochemical form of @-glucosamine hydro- 
chloride was finally obtained. A comparison of the reverse optical 
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changes shown by the two varieties of glucosamine hydrochloride 
is given below, only characteristic figures being quoted : 


Time of contact of a-Form. 
solvent and solute. e = 1-3512. 


3 minutes “9° 
14 ” 
45 ”» 
20 hours 


When the complete polarimetric records are plotted graphically 
the curves are perfectly normal and conform closely to those 
obtained with unsubstituted mutarotatory sugars. Extrapolation 
of the results gives the following initial values, which may be 
assigned to the two forms: 


a-Glucosamine hydrochloride 6-Glucosamine hydrochloride 
+ 100°0° —» 72°5° + 25:0° —> 72°6° 


On this basis, the molecular rotation difference is thus 16,160, 
and as in the case of glucose the corresponding constant is of the 
order 16,900, it follows that the divergence is less than 0°5 per 
cent.* Glucosamine therefore conforms to Hudson’s rule in the 
same manner as glucose, and is sharply differentiated in this 
respect from mannose. The result may be cited as additional 
evidence in favour of the glucose configuration for the amino- 
sugar. 

Turning to the question of the pseudo-mutarotation formerly 
ascribed to triacetyl «-aminohelicin hydrobromide, we have ascer- 
tained that the tentative explanation put forward to account for 
this change is incorrect. When triacetyl bromoglucosamine hydro- 
bromide reacts with salicylaldehyde, glucoside-formation takes 
place only to a limited extent, the main reaction being condensation 
between the aldehydic group and the amino-group. The product 
is therefore not a true glucoside but salicylidene triacetyl bromo- 
glucosamine, 


AcO-CH,-CH(OAc)CH-CH(OAc)\CH-CHBr 
N:CH-C,H,-OH 


The compound melts at 118°, and although unusual difficulties were 
encountered in obtaining consistent analytical figures, there can be 
little doubt from a study of its reactions that the formula given 


* It may be stated that Irvine and Hogg (T., 1914, 105, 1386), who deter- 
mined the molecular rotation difference for the a- and 8-forms of monomethyl 
glucose, obtained a result practically identical with that now established for 
glucosamine (16,141 compared with 16,160). 
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above represents the correct constitution.* If the bromine atom is 
attached to carbon and is not present in the form of an additive 
molecule of hydrogen bromide, as was originally supposed, the 
compound should react with any hydroxy-substance to give the 
corresponding glucoside. Such changes would naturally result in 
alterations in rotatory power, but, on the other hand, the activity 
should remain constant in non-hydroxylic solvents. This view has 
been confirmed. 


Initial Final 
specific specific Initial specific 
Solvent. rotation. rotation. Solvent. rotation. 
Methyl alcohol +241-9° +48-4° Salicylaldehyde -+198-2° constant 
197-7 51-1 Chloroform 199-2 constant 
182-1 . Acetone 195-2 constant 
182-2 Ethyl acetate 177-7 constant 
169-5 
218-4 
y = 192-8 
Methyl malate 336-8 


bo 
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With the exceptiou of the one solvent which contained a phenolic 
group, all the hydroxy-compounds reacted with the solute, whilst 
non-hydroxy-compounds were without effect. The general reac- 
tions involved in the pseudo-mutarotation were ascertained by 
examination of methyl alcoholic solutions. On isolating the 
product after six days, the chief constituent was found to be 
2-salicylidene-3 : 5 : 6-triacetyl-l-methyl glucosamine (that is, sali- 
cylidene triacetyl methylglucosamine). At the same time, free 
hydrogen bromide was formed, and this gradually removed the 
salicylidene residue, so that when the pseudo-mutarotation extended 
over several weeks the final product formed was 3 : 5 : 6-triacetyl-1- 
methyl glucosamine. These results are in themselves quite con- 
clusive, and were supported by the reaction between triacetyl 
bromoglucosamine and o-methoxybenzaldehyde. Although no 
hydroxyl group was present in this case, the aldehyde readily 
entered into condensation, giving 1-bromo-2-0-methoxybenzylidene- 
3:5: 6-triacetylglucosamine. This compound likewise exhibited 
pseudo-mutarotation when dissolved in alcohols, giving in the 
case of methyl alcohol triacetylmethylglucosamine as the final 
product. 


* The analytical values quoted by Irvine and Hynd (loc. cit.) on which 
the above compound was regarded as the hydrobromide of an acetylated 
aminohelicin, have been confirmed on more than one occasion, but the agree- 
ment with the calculated value for carbon is fortuitous. In the case of the 
hydrogen, bromine, and nitrogen estimations, the calculated composition is 
practically identical for the helicin derivative or the salicylidene compound, 
and thus the analysis was not discriminative. 
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EXPERIMENTAL. 
Isolation of 8-Glucosamine Hydrochloride. 


The glucosamine hydrochloride employed was prepared ag 
formerly described (Irvine, McNicoll, and Hynd, T., 1911, 99, 
256) by the hydrolysis of chitin isolated from lobster shells. As 
the recrystallised material consisted largely of the «-form, it was 
dissolved in water and after heating the solution on a water-bath 
to promote equilibrium with the §-variety it was poured into a large 
excess of absolute alcohol. The precipitated salt was then filtered 
and dried. 

Method I.—¥ifteen grams of the dry solid were finely powdered 
and shaken vigorously in the machine for ten minutes with 250 c.c. 
of cold absolute alcohol. The undissolved salt was removed and 
500 c.c. of benzene were added to the filtrate, which was again 
shaken for twenty minutes. During this treatment a small crop 
(1°8 grams) of $-glucosamine hydrochloride gradually separated. 
After drying, this gave correct analytical figures and showed the 
upward mutarotation -+ 35°0°—> + 71°7°. The method gives 
the 8-compound directly in a pure optical condition, but as the 
yield is small the process is not so advantageous as the alternative 
now described. 

Method II.—¥ifty grams of glucosamine hydrochloride were 
dissolved in 125 c.c. of water, the solution being heated on a water- 
bath for twenty-five minutes and kept over-night. .Thereafter 
the liquid was poured into 375 c.c. of absolute alcohol and after 
shaking for ten minutes the precipitated salt (fraction A) was 
removed and the filtrate poured into a mixture of 250 c.c. of absolute 
alcohol and 250 c.c. of ether. The liquid was again shaken for 
ten minutes and a second fraction (B) collected, a third fraction 
(C) being obtained on pouring the filtrate into a mixture of 125 c.c. 
of absolute alcohol and 500 c.c. of ether. The weights and optical 
behaviour of these fractions are shown below : 


(A) 27°75 grams, [«], + 87°0° —> + 72°7° in 24 hours, c = 1 


(B) 42 = ,, [a]p + 57°6° —> + 723° _,, » c=l 
(C) 58 ,, [alp+326°—+717 , 4 c=l 


In the course of repeated preparations glucosamine hydrochloride 
corresponding with fraction B was accumulated and subjected to 
the same process of fractional precipitation by the use of alcohol 
and ether. In this way, additional quantities of fraction C were 
obtained. The combined material constituting fraction C was 
again precipitated fractionally, but as no alteration in the initial 
specific rotation was obtained, it was evident that the above process 
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gives the compound in an optically pure state. Beyond what is 
sated in the introduction, no details need be given of the down- 
ward mutarotation shown by «-glucosamine hydrochloride, as this 
form of the compound was prepared in the usual manner by crystal- 
lisation from a hot concentrated aqueous solution. 

Comparative experiments showed that the $-form reacted more 
readily with acetyl bromide than the «-isomeride, giving improved 
yields of triacetyl bromoglucosamine. 


Condensation of Salicylaldehyde with T'riacetyl Bromoglucosamine. 


It has been frequently emphasised by previous workers that 
in all reactions involving the use of triacetyl bromoglucosamine 
moisture must be rigidly excluded. This precaution is justified 
and was adhered to in the present work. 

The above condensation was carried out on numerous occasions, 
but only one typical experiment need be quoted. 9°7 Grams of 
the recrystallised bromo-compound (1 mol.) were suspended in 
60 c.c. of ether, and 1°6 ¢.c. of pyridine (1 mol.) together with 
72 c.c. of salicylaldehyde (3 mols.) were then added. The mixture 


| was shaken for one hour and, after filtration, was precipitated by 


the addition of light petroleum, the product separating as a mass 
of brilliant yellow needles. Yield 6°7 grams. Purification was 
eflected by solution in ether and precipitation with light petroleum 
and, after four crystallisations by this method, the compound 
was pure. Although the maximum melting point recorded was 
118°, average specimens show 109—110°. 

It was not found possible to obtain consistent analytical — 
by the combustion process, the carbon values in particular showing 
considerable variation. The nitrogen content is too small to 
afford trustworthy evidence as to composition, but, on the other 
hand, bromine estimations gave concordant results. Although 
individual combustions varied greatly, the analytical figures now 
quoted represent the mean of five analyses carried out on inde- 
pendent preparations and indicate the composition (Found: C = 
4840; H = 4:83; Br = 16°74. C,,H,,.O,NBr requires C = 48°30; 
H = 4°66; Br = 16°92 per cent.). The analyses, together with the 
reactions of the compound, show it to be 1-bromo-2-salicylidene- 
3:5: 6-triacetyl glucosamine (that is, salicylidene triacetyl bromo- 
glucosamine). 


Action of Methyl Alcohol on 1-Bromo-2-salicylidene-3 : 5 : 6-triacetyl 
Glucosamine. 


A 5 per cent. solution of the bromo-derivative in methyl alcohol 
was preserved for six days and the solvent then removed under 
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diminished pressure at the temperature of the room. A seni. 
crystalline syrup remained which, after repeated solution in methy| 
alcohol and precipitation with ether, yielded 1-methyl-3: 5: 6. 
triacetyl glucosamine hydrobromide (Irvine and Hynd, loc. cit,), 
which was identified by analysis and specific rotation. The mother. 
liquors gave a small quantity of a golden-yellow, crystalline solid 
which proved to be 2-salicylidene-3 : 5 : 6-triacetyl-1-methy] glucos.- 
amine [Found: OMe = 6°51. C,,H,,0,N(QMe) requires OMe = 
6°15 per cent.]. When the action of methyl alcohol on salicylidene 
triacetyl bromoglucosamine was prolonged for several weeks, a 
different result was naturally obtained. On removing the solvent 
as before and crystallising the residue by solution in a small quantity 
of methyl] alcohol, followed by addition of ether, a white, crystalline 
solid was obtained. This melted and decomposed at 233—234° and 
showed [«]p + 21°7° in methyl alcoholic solution. ‘These constants 
together with the analytical results show the product to be 
3:5: 6-triacetyl l-methyl glucosamine hydrobromide (that is, 
triacetyl methylglucosamine hydrobromide). 

No description need be given of the action of o-methoxybenz- 
aldehyde on triacetyl bromoglucosamine or of the action of methyl 
alcohol on the product, as the methods employed were exactly 
similar to those described above. In this case also, the ultimate 
decomposition product proved to be triacetyl methylglucosamine 
hydrobromide [Found : OMe = 8:1; Br = 19°72; [a], = + 22°0°; 
decomposition point 232°. C,,H,,0,(OMe),HBr requires OMe = 
7°75; Br = 19°97 per cent.; [«]p = -++ 20°3°; decomposition point 
230—233°]. 


The authors desire to express their thanks to Alexander D. Mudie 
(Carnegie Scholar) for much valuable assistance. 
CHEMIcAL RESEARCH LABORATORY, 


UniIrep CoLLEGE or St. SALVATOR AND St. LEONARD, 
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CCLXXXVI.—Salicylidene Derivatives of 
d-Glucosamine. 


By James Cotqunoun IRVINE and JoHN CAMPBELL EARL. 


In the preceding paper it is shown that salicylaldehyde reacts 
readily with the amino-group of triacetyl bromoglucosamine to 
give a characteristic salicylidene derivative. The highly reactive 
bromine atom present in the glucosamine chain takes no part in 
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this condensation, and the reasonable conclusion may be drawn 
that any substituted glucosamine, in the form of the free base, 
will react in a similar manner. This expectation has been realised 
and typical salicylidene derivatives of glucosamine are now 
described. As these compounds are readily formed, crystallise 
with ease, and possess convenient solubilities, they are likely to 
prove of service in developing the chemistry of the amino- 
sugar. 

The method of preparation consists in dissolving the glucosamine 
salt in water, liberating the free base by the addition of alkali, 
and then agitating the solution with salicylaldehyde. The salicyl- 
idene derivative generally separates directly in the crystalline 
condition. The properties of five typical examples may now be 
summarised, as their study has opened out some interesting theor- 


etical considerations. 
[a], in : 
methyl “Yield 
Colour. .p. alcohol. per cent. 
A. 2-Salicylidene glucosamine Canary-yellow 3° +11-0° 99 
B, 2-Salicylidene-1-methyl 
glucosamine Deep yellow +2-2 26 
C. 2-Salicylidene-3 : 5 : 6-tri- 
acetyl-l-methyl glucosamine Pale yellow +75-7 80 
D. 2-Salicylidene-3 : 5 : 6-tri- 
acetyl-1-ethyl glucosamine Pale yellow + 40-7 88 
E. 1-Bromo-2-salicylidene- 
3:5: 6-triacetyl glucosamine Canary-yellow +241-9 65—70 


It is significant that with one exception the formation of these 
salicylidene compounds proceeded with unusual smoothness. The 
exception is presented by methylglucosamine, which reacted with 
salicylaldehyde only with difficulty, giving a 26 per cent. yield 
of the product. This comparative failure to participate in the 
general reaction cannot be due to the presence of the methyl group 
in view of the results obtained with the acetylated glucosides, nor 
can it be attributable to the absence of acetyl groups, as free 
glucosamine reacted with extreme ease. The abnormal behaviour 
of methylglucosamine is thus in agreement with the cyclic formula 
previously suggested for this compound. 


OH-CH,-CH(OH)-CH-CH(OH)-C H-CH 
N—O 


JIN 
H H CH, 


Now, the composition of triacetyl bromoglucosamine, which is 

the starting point in synthetical work in this series, does not 

admit of a formula of the above type and the compound must 
VOL. CXXI. 4M 
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therefore possess the normal structure characteristic of reducing 
sugars : 


7 0 
AcO-CH,-CH(OAc)CH-CH(OAc)CH(NH,)-CHBr. 


It follows that the corresponding salicylidene derivative in which 
the reactive bromine atom is retained must also be an open chain 
structure : 


AcO-CH,*CH(OAc)‘CH-CH(OAc)‘CH—CHBr 
N:CH-C,H,-OH * 
When this compound reacts with methyl alcohol to give a 
* methylglucoside ” there seems no reason why profound structural 
alteration should accompany the change, and the compound 
formed may be termed 2-salicylidene-3 : 5 : 6-triacetyl-1-methy| 
glucosamine, 


AcO-CH,-CH(OAc)-UH-CH(0 Ac)‘ H—UH-OMe 
N:CH-C,H,OH * 

The reactions sketched above have been carried out, and the 
final product proved to be identical with that obtained when 
salicylaldehyde was condensed with triacetyl methylglucosamine. 
In other words, no isomerism is involved if the order of intro- 
ducing the methyl group and the salicylidene residue is varied. 
The argument leads to the conclusion that triacetyl methyl- 
glucosamine is not constituted on the betaine model, but that a 
change to this type occurs when the acetyl groups are eliminated. 
It is, of course, possible that triacetyl methylglucosamine may 
exist in both forms, and in the experimental part a levorotatory 
isomeride of this compound is described. This new variety is being 
further investigated, but the combined results submitted evidently 
afford strong support to the view formerly expressed that in 
methylglucosamine the alkyl group is directly attached to the 
nitrogen atom. 

EXPERIMENTAL. 


Salicylidene Glucosamine. 


Ten grams of glucosamine hydrochloride (1 mol.) and 6°3 grams 
of sodium bicarbonate (14 mols.) were dissolved in 100 c.c. of 
water, and 6°3 c.c. of salicylaldehyde (1 mol.) added. The mixture 
was stirred vigorously at the temperature of the room, and in 
thirty minutes the separation of crystals commenced. Stirring 
was continued for three and a half hours, when the product was 
filtered, washed with cold water, and dried in a vacuum. The 
yield was 13 grams (99 per cent.). After recrystallisation from 
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methyl alcohol, the compound melted sharply at 183°5° (Found : 
G= 5492; H=618. C,,H,,0,N requires C = 55°09; H = 6°05 
per cent.). 

Salicylidene glucosamine crystallises in bright yellow needles, 
insoluble in chloroform, but readily dissolved by hot methyl or 
ethyl alcohol. The compound was easily hydrolysed by dilute 
acids, giving salicylaldehyde and the corresponding salt of 
glucosamine. 


2-Salicylidene-1-methyl Glucosamine (Salicylidene Methyl- 
glucosamine). 


75 Grams of recrystallised methylglucosamine hydrochloride 
were dissolved in 100 c.c. of water containing 3°75 grams of 
sodium bicarbonate and 3:2 c.c. of salicylaldehyde. The liquid, 
which was stirred for two hours, soon acquired a yellow colour 
and deposited a clear syrup, which adhered to the sides of the 
vessel. Excess of chloroform was then added and the mixture 
was shaken repeatedly with this solvent, and after drying the 
extract over magnesium sulphate, it was evaporated to a small 
bulk. On the addition of light petroleum, the product separated 
in a semi-crystalline condition. Purification was effected by again 
dissolving in chloroform and precipitating in the manner described 
above, salicylidene methylglucosamine being thus obtained in 
bright yellow needles melting at 120°. The yield from the experi- 
ment just described was 1-7 grams (26 per cent.), and this was not 
improved in subsequent preparations [Found: C = 5633; H = 
641; OMe = 9°63. C,,H,,0;N(OMe) requires C = 56°56; H = 
6:39; OMe = 10°47 per cent.]. Salicylidene methylglucosamine is 
readily hydrolysed by acids to regenerate methylglucosamine. On 
the other hand, the action of nitrous acid involves the removal of 


the salicylidene residue followed by the elimination of the amino-- 


and glucosidic groups. 


2-Salicylidene-3 : 5 : 6-triacetyl-1-methyl Glucosamine (Salicylidene 
Triacetyl Methylglucosamine). 

Two distinct methods were employed in the preparation of this 
compound and their significance is referred to in the introduction. 

Method I.—A solution of 5:3 grams of 1-bromo-2-salicylidene- 
3:5: 6-triacetyl glucosamine in 30 c.c. of methyl alcohol was 
mixed with 3-2 grams of morphine, dissolved in 60 c.c. of the same 
solvent. When the mixture was kept at the temperature of the 
room for seven days, morphine hydrobromide gradually separated. 
The filtrate, on evaporation under diminished pressure, gave a solid 


residue, which was recrystallised from alcohol. Yield 50 per cent. 
4mM2 
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Method II.—8:2 Grams of recrystallised triacetyl bromoglucos. 
amine hydrobromide were dissolved in 100 c.c. of methyl alcohol 
containing 1°65 c.c. of pyridine. The solution was set aside for 
twenty hours, filtered, and concentrated to a small bulk at 25°/90 
mm. Thereafter a solution of 3°5 grams of sodium bicarbonate 
in 40 c.c. of water was added together with 1°95 c.c. of salicyl- 
aldehyde. Vigorous stirring occasioned the separation of the 
crystalline product, which, after thirty minutes, was filtered and 
washed with cold water. One recrystallisation from alcohol gave 
a pure product melting at 151—152°. Yield 80 per cent. (Found: 
C= 56°93; H=625; OMe=82. C, 9H,;0,N requires C= 
56°71; H = 5°95; OMe = 7°3 per cent.). The salicylidene deriv. 
ative crystallises in pale yellow, prismatic needles readily soluble 
in hot alcohol; [«], in methyl alcohol + 75°7° for c= 1. The 
three acetyl groups in the compound are remarkably stable, but 
were quantitatively removed by distillation with 15 per cent. 
sulphuric acid. After four hours’ treatment with absolute alcohol 
saturated with ammonia at 0°, no acetamide was formed, and 
70 per cent. of the original material was recovered unaltered 
(Fischer, Ber., 1914, 47, 218). 

Action of Nitrous Acid.—When salicylidene triacetyl methyl- 
glucosamine was suspended in Water and an aqueous solution of 
nitrous acid (prepared from silver nitrite) gradually added with 
vigorous stirring, no visible reaction ensued until the temperature 
was raised to 50°. The solid then passed into solution with copious 
evolution of nitrogen and liberation of salicylaldehyde. On neutral- 
ising the solution with barium carbonate, a quantity of salicylidene 
triacetyl methylglucosamine was regenerated and was precipitated 
in the crystalline state. The filtrate was evaporated to dryness 
under diminished pressure and extracted with boiling alcohol. 

.This extract contained a glucosidic syrup, which was deacetylated 
by boiling with acidified methyl alcohol. After neutralisation with 
silver carbonate and removal of the solvent, a non-crystalline 
syrup remained which behaved as a glucoside towards Fehling’s 
solution, but could not be identified either as methylglucoside or 
methylmannoside. 


2-Salicylidene-3 : 5 : 6-triacetyl-1-cthyl Glucosamine (Salicylidene 
Triacetyl Ethylglucosamine). 


Starting from triacetyl ethylglucosamine, the usual method of 
preparation was employed and gave an 88 per cent. yield of the 
above product [Found: C = 57°51; H=639; OEt = 10°14. 
CpH,,0,N(OEt) requires C = 57°63; H = 6:18; OEt = 10°29 per 
cent.]. In every respect the compound resembled the corre- 
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sponding methyl derivative, m. p. 131°, [a], in methyl alcohol 
+ 40°7° for c = 1. 


3:5:6-Triacetyl-l-methyl Glucosamine (Triacetyl Methylglucos- 
amine). 

For reasons given in the introduction, the preparation of this 
compound from triacetyl bromoglucosamine was repeated. 

(a) Using pyridine: The method adopted was identical with 
that described by Irvine, McNicoll, and Hynd (loc. cit.), and the 
properties previously assigned to the product were confirmed. 
The specific rotation in methyl alcohol was, however, slightly 
higher (+- 23°3° in place of +- 20°). 

(b) Using morphine: This preparation was conducted according 
to the variation recommended by Irvine and Hynd (T., 1912, 101, 
1137) and the crude product was crystallised repeatedly by solution 
in methyl alcohol and the addition of ether. The finely divided 
solid was then extracted with methyl alcohol in the cold, the 
filtrate being concentrated and precipitated with ether. Repetition 
of these processes gave a small, crystalline crop which decomposed at 
201—202° and showed [«], in methyl alcohol — 14°6° for ¢c = 1°8656 
[Found : C = 39°00; H = 5°79; OMe = 8°0. C,,H,,0,N(OMe),HBr 
requires C = 38°99; H=555; OMe=7-75 per cent.]. No 
morphine aminoglucoside was present, and the compound is thus 
a new stereoisomeric form of triacetyl methylglucosamine hydro- 
bromide. 
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CCLXXXVII.—The Mobility of Symmetrical Triad 
Systems. Part I. The Conditions Relating to 
Systems Terminated by Phenyl Groups. 


By CHRISTOPHER KELK INGOLD and HENRY ALFRED PIGGorTT. 


Ir is the purpose of this series of papers to examine comparatively 
the mobility of symmetrical tautomeric systems of the general 
formula [H]X-Y:X. Six systems fall within the purview of this 
subject : 

Group (i) { (i) the carboxyl group, [H]O-C:0 


(ii) the acinitro-group, [H]O-N:0 
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(iii) the diazoamino-system, :[H ]N-N:N- 

(iv) the amidine system, -[H]N-C:N- 

(v) the methylenemethylamine system, [HCN ( 
(vi) the three-carbon (propene) system, [HyC-C:6: 


Group (ii) 


With regard to the first two (group i), the circumstantial evidence 
as to the equivalent functions of the two oxygen atoms is of the 
strongest character, but only the last four systems (group ii) are 
capable of being investigated as regards their mobility by the 
methods illustrated in this paper. It is proposed to investigate 
the behaviour of these four systems when attached to different 
types of terminal group, the present paper being primarily concerned 
with the terminal phenyl group, and hence with the comparison 
of the following four substances : 


(L) NHPh-N-NPh CH,Ph:'N:‘CHPh (IIL) 
(11.) NHPh-CH:NPh CH,Ph-CH:CHPh Iv.) 


Some of the data necessary for this comparison are already on 
record and the remainder is given in the experimental portion of 
this paper. 

The proof of the mobility of the three-nitrogen system present 
in diazoaminobenzene (I) rests on two types of evidence, both of 
which find their parallel in the experiments described hereunder : 

(A) Proof that only a single substitution product exists where 
two substances having formule (V) and (VI) might be expected 
(Griess, Annalen, 1866, 137, 60; Ber., 1874, '7, 1619; and others). 

(B) Proof that the single individual referred to under (A), on 
fission at the double bond (as by reduction or hydrolysis), gives 
four products, two derived from the two fragments of each of the 
hypothetical substances (V) and (VI) (Noelting and Binder, Ber., 
1887, 20, 3005; and others). 


(v.) X-C,HyNH-N:N-C,H, C,H,*NH-N:N-C,H,X (v1) 


The same two types of evidence have been advanced in relation 
to diphenylformamidine (IT) and its derivatives (Marckwald, 
Annalen, 1895, 286, 348; von Pechmann, Ber., 1897, 30, 1783, 
and earlier; Wheeler and Johnson, Ber., 1899, 32, 35, and earlier). 

In view of these facts, it was at first a matter for surprise to us 
on turning to the third of the four systems under comparison that 
both the above mobility tests (A and B) failed when applied to 
derivatives of benzylidenebenzylamine (III). Pairs of isomeric 
monosubstitution products of the general types (VII) and (VIII), 
as well as similar disubstitution products, not only were different 


(vil) X-C,H,-CH,-N:CH-C,H,  ©,H,°CH,*N:CH-C,H,X (vil) 
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from one another, but also, apparently, were quite incapable of 
interconversion. Each individual, moreover, on fission, by acid 
hydrolysis, at the double bond gave two and not four resultants, 
the two being the aldehyde and amine by the interaction of which 
the substance in question was originally prepared (examples, 


ence fF pp. 2385, 2386). 
the The three-carbon system present in «y-diphenylpropene (IV) has 
are § aspecial interest in view of the close analogy between this substance 


the § and glutaconic acid, the three-carbon system of which is known to 
zate f possess a high degree of mobility. The application to glutaconic 
rent — acid of method (A) (above) was accomplished by Thole and Thorpe 


(T., 1911, 99, 2193), who proved that a- and y-alkyl derivatives, 
which, from the manner of their synthesis, would be expected to 
have formule such as (IX) and (X), were actually identical; on 
(Ix.) CO,H-CHR-CH°CH°CO,H CO,H-CH,°CH°CR:CO,H x.) 

the other hand, evidence of type (B) is to be found in the recent 
experiments of Feist, who, in several instances, obtained four 
products on fission by oxidation with ozone, two corresponding 
with each of the two static formule of the substance (Annalen, 
1922, 428, 51, 71). The glutaconic acids, therefore, respond to 
both mobility tests, and it was fully expected that the «y-diphenyl- 
propenes, in view of their close relationship with the glutaconic 
acids, would behave in an analogous manner. It was found, 
however, that the two phenyl groups in diphenylpropene are not 
equivalent, and that corresponding substitution products of types 
(XI) and (XII) show no tendency to undergo conversion one into 
the other (test A); each individual, moreover, on oxidation by 

(xL) X°C,H,CH,CH°CH-C,H, C,H,-CH,-CH:CH-C,H,X (XII) 
permanganate (test B) gives, not four, but two fission products 
corresponding with the particular static formula assigned to the 
substance (examples, pp. 2386, 2389). 

From the above summary it will be evident that the molecular 
machinery necessary to produce a condition of tautomerism cannot 
consist solely of the formal “‘ tautomeric system ” and a potentially 
mobile hydrogen atom in the correct position. Some activating 
factor or condition must also be present, for only on this supposition 
can we account for the contrasts to which attention has been 
directed. As to the nature of this factor, a certain amount of 
guidance can be obtained from a consideration of tautomerism in 
relation to certain other properties of the systems under review. 
It seems reasonable, a priori, to assume as a condition of first 
importance in the determination of mobility that the «-hydrogen 
atom should be capable of being easily detached from the tautomeric 
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system. In the carboxyl and acinitro-groups (systems i and ii), 
the mobility of which is probably much greater than in any other 
case, we have clear evidence of the easy detachment of the mobile 
hydrogen atom in the facility with which it can be replaced by an 
alkyl group (esterification). The mobile hydrogen atom in diazo. 
aminobenzene can also be replaced by an alkyl group, but it is 
necessary in this case to use alcoholic sodium ethoxide and an 
alkyl iodide, just as in the alkylation of unsymmetrical systems 
such as that present in ethyl acetoacetate. The same is true of 
amidines and glutaconic esters. It will be observed that in all 
these cases the systems capable of alkylation are mobile systems. 
On the other hand, «y-diphenylpropene (although formally so similar 
to glutaconic acid) and benzylidenebenzylamine cannot be alkylated 
by the ordinary methods; both these types are non-tautomeric, 
Evidently, the concurrence is far-reaching, but to what extent it 
will hold in border-line cases such as that of indene, which is alky]- 
ated with difficulty, it remains for future experiments to show. 
Indene, and the analogues of indene and of glutaconic acid con- 
taining the system -CH,°N°CH: in place of -CH,°CH°CH:’, are cases 
the examination of which is in progress. 

From the above parallelism it is possible to draw two conclusions 
relating to the conditions necessary for the activation of a potentially 
tautomeric system: (a) that the activating condition is dependent 
primarily on the «-atom of the system, and is associated with the 
easy detachment of hydrogen from this position; (b) that the 
activating condition is one of the well-recognised group of related 
characteristics generally supposed to be associated with negative 
electrical polarity. Hence it is that the greatest mobility is 
observed when the «-atom is oxygen (systems i and ii), inter- 
mediate mobility when it is nitrogen (systems iii and iv), and least 
mobility when it is carbon (systems v and vi); hence, also, the fact 
that in the last case mobility is only observed when a definite 
negative polarity is “induced ” by strongly polar attached groups, 
as in the glutaconic acids. It must be admitted that questions of 
polarity are but little understood at present, and that much more 
information is required before the somewhat approximate general- 
isations given above can be replaced by a precise statement of the 
conditions for tautomerism, the complete elucidation of which forms 
the object of researches now in progress. 


EXPERIMENTAL. 
(A)—Preparation of m- and p-Nitrobenzylamine. 


These bases were prepared by Gabriel’s method. Hafner (Ber., 
1890, 23, 338) has prepared p-nitrobenzylamine in this way, but 
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gives no details. In preparing large quantities, it was found 
convenient to hydrolyse the phthalimides by sulphuric acid, in 
place of hydrochloric acid at 200°, the reagent employed by 
Gabriel. 

The phthalimides were prepared by heating the appropriate 
nitrobenzyl chlorides with potassium phthalimide for half an hour 
by means of an oil-bath, the temperature of which was gradually 
raised during this period from 100° to 115°. It is essential to 
adhere to these conditions, as otherwise, either condensation may 
not take place, or the whole mass may suddenly carbonise with 
large evolution of gas. In any case, it is advisable to keep the 
mixture under close observation and add water at the first signs 
of self-heating. The product was isolated in the manner described 
by Gabriel (Ber., 1887, 20, 2227) for the ortho-compound. 

The crude washed phthalimide, dissolved in the minimal quantity 
of cold concentrated sulphuric acid, was treated with water until 


the precipitate first formed just failed to redissolve. The solution . 


was heated until a test portion gave no precipitate on cooling 
and diluting with water, then diluted, rendered strongly alkaline 
with sodium hydroxide, and extracted with ether. The base was 
extracted from the ether by dilute hydrochloric acid, from which 
it was recovered in the form of its hydrochloride by evaporation. 


(B)—Preparation of Isomeric m-Nitro-, p-Nitro-, and mp-Dinitro- 
derivatives of Benzylidenebenzylamine. 


General Method of Preparation—Equivalent quantities of the 
appropriate aldehyde and amine were mixed in ethereal solution 
at the ordinary temperature. The ether was allowed to evaporate 
and the product crystallised. 

General Properties—The following six substances are stable 
towards water and dilute alkalis, but are hydrolysed by mineral 
acids into the aldehyde and amine from which they were formed. 

Benzylidene-p-nitrobenzylamine, CgH,*CH:N-CH,°C,H,'NO,, crys- 
tallises from alcohol in dense prisms, m. p. 71° (Found: C = 70-0; 
H = 5-4. C,,H,,0,N, requires C = 70-0; H = 5-0 per cent.). 

p-Nitrobenzylidenebenzylamine, C,H;*CH,*N:CH-C,H,y’NO,, crys- 
tallises from alcohol or ligroin in lamin, m. p. 56° (Found: C = 
70-3; H = 5-4 per cent.). 

Benzylidene-m-nitrobenzylamine, CgH,*CH:N-CH,°C,H,4°NOg, separ- 
ates from alcohol in short, dense prisms, m. p. 42° (Found: C = 
69-8; H = 5-2 per cent.). 

m-Nitrobenzylidenebenzylamine, C5H,*CH,"N:CH-C,H,’NOg, separ- 
ates from alcohol in long, thin laminz, m. p. 62° (Found : C = 70-1; 


H = 5-3 per cent.). 
4u* 
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p-Nitrobenzylidene-m-nitrobenzylamine, 
(p) NO,°C,H,C/HN-CH,°C,H,’NO, (m), 
crystallises from ethyl acetate in colourless needles, m. p. 115° 
(Found: N = 14-7. C,,H,,0,N, requires N = 14-7 per cent.), 
This m. p. is the same as that of the next compound, but a mixture 
of the two melted below 100°. 
m-Nitrobenzylidene-p-nitrobenzylamine, 
(p) NO,°C,H,’CH,*N:CH-C,H,NO, (m), 
crystallises from ethyl acetate in needles, m. p. 115° (Found: 
N = 148 per cent.). 


(C)—Condensation of 8-Phenylpropionic Acid uith Anisaldehyde ; 
Formation of p-Methoxry-«-benzylcinnamic Acid and «a-Phenyl- 
y-p-methoxyphenyl-A*-propene. 


Sodium £-phenylpropionate (150 grams = 1 mol.), anisaldehyde 
(105 grams = 1 mol.), and acetic anhydride (105 grams = 1-2 mols.) 
* were heated together for nine hours at 152°. The product was poured 
into an excess of sodium carbonate solution, distilled in a current of 
steam to remove the excess of anisaldehyde, and extracted with ether. 

a-Phenyl-y-p-methoxyphenyl-A?-propene, 

OMe-C,,H,-CH:CH-CH,’C,H;. 

—The viscous, yellow oil which remained when the ether was 
dried and evaporated consisted largely of the methoxy-hydro- 
carbon, but it also contained a little anisaldehyde and some material 
which decomposed on distillation. After two distillations the 
methoxy-hydrocarbon was obtained as a colourless oil which 
boiled constantly at 227°/30 mm. (Found: C = 85-4; H = 7:3. 
C,,H,,0 requires C = 85-7; H = 7-2 per cent.). The substance 
was characterised by means of its dibromo-additive product. 

By-Dibromo-a-phenyl-y-p-methoxyphenylpropane, 

CH,Ph-CHBr-CHBr-C,H,-OMe. 
—Two grams of the methoxy-hydrocarbon, dissolved in 2 c.c. of 
chloroform and cooled to 0°, decolorised 5-8 c.c. of a solution of 
bromine in chloroform containing 0-253 gram per c.c. (theoretical 
for 2Br = 5-67 c.c.). No perceptible amount of hydrogen bromide 
was evolved. The bromo-compound, which crystallised from the 
chloroform (a second crop was obtained after concentration), 
melted at 115°, and recrystallisation from light petroleum did not 
alter this melting point (Found: Br = 41-8. C,,H,,OBr, requires 
Br = 41-6 per cent.). The compound forms stout prisms terminated 
by pyramids; it is easily soluble in the usual organic solvents. 
p-Methoxry-«-benzylcinnamic Acid, 
OMe-C,H,°CH:C(CO,H)-CH,-C,H,. 
—The alkaline solution from which the methoxy-hydrocarbon was 
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extracted was heated to the boiling point, treated with excess of 
hydrochloric acid, and the precipitated acids collected while hot. 
Most of the 8-phenylpropionic acid passed through the filter as an 
oil, and the remainder was removed after cooling by washing with 
alittle cold alcohol. The residue, which consisted of a mixture 
of p-methoxycinnamic acid and p-methoxy-«-benzylcinnamic acid, 
was heated on the steam-bath for ten minutes with 100 c.c. of 
2N-aqueous sodium carbonate. p-Methoxy-«-benzylcinnamic acid 
is only slowly soluble in dilute sodium carbonate, which, under 
the conditions described, dissolved all the p-methoxycinnamic 
acid but only part of the p-methoxy-«-benzylcinnamic acid; the 
undissolved portion was collected and recrystallised from ethyl 
alcohol (12 grams). The acids dissolved by the sodium carbonate 
were fractionally precipitated by the addition of successive portions 
of 10 c.c. of 2N-hydrochloric acid. The first two precipitations 
yielded p-methoxy-a-benzylcinnamic acid sufficiently free from 
pmethoxycinnamic acid to be capable of complete purification 
by crystallisation from alcohol (9-7 grams). The third and fourth 
precipitations gave mixtures which, when combined and subjected 
to a second series of fractional precipitations, gave 2-0 grams of 
p-methoxy-«-benzylcinnamic acid. The residual alkaline solutions 
were treated with excess of hydrochloric acid, and the recovered 
p-methoxycinnamic acid was crystallised from alcohol. In all, 23-7 
gams of pure p-methoxy-«-benzylcinnamic acid were obtained 
along with 14-5 grams of pure p-methoxycinnamic acid. 

p-Methoxy-«-benzylcinnamic acid crystallises from alcohol in 
colourless, flattened needles, m. p. 170°. It is readily soluble in 
aqueous sodium hydroxide, but dissolves only slowly in hot sodium 
carbonate solution and is evidently an unusually weak acid. It 
instantly decolorises cold alkaline permanganate, giving anisic acid, 
phenylacetic acid, and benzoic acid (Found: C = 75-9; H = 6-1. 
C,H, ,0, requires C = 76-1; H = 6-1 per cent.). 

The anilide was obtained by adding a small excess of aniline 
to the chloride of p-methoxy-«-benzylcinnamic acid, which was 
prepared by digesting the acid with thionyl chloride. It crystal- 
lised from alcohol in long, silky needles, m. p. 159° (Found : C = 80:2; 
H.= 6-4. C,,H,,0,N requires C = 80-4; H = 6:1 per cent.). 


(D)—Condensation of p-Methoxy--phenylpropionic Acid with Benz- 
aldehyde ; Formation of «-p-Methoxybenzylcinnamic Acid and 
y-Phenyl-«-p-meihoxy phenyl-A*-propene. 

p-Methoxy-$-phenylpropionic acid was prepared by Perkin’s 

method from anisaldehyde (T., 1877, 34, 408, 411). 


Sodium p-methoxy-8-phenylpropionate (110 grams), bensaliehyde 
4m*2 
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(70 grams), and acetic anhydride (70 grams) were heated together 
for nine and a half hours at 150°, and then poured into an excess 
of aqueous sodium carbonate and distilled in a current of steam 
to remove the excess of benzaldehyde. 

y-Phenyl-«-p-methoxyphenyl-A?-propene, 

C,H ,-CH:CH-CH,°C,H,OMe. 

—This was golated by extracting the alkaline liquid with ether, 
and purified by fractional distillation. The more volatile fractions 
contained benzaldehyde, but after two distillations the methoxy. 
hydrocarbon was obtained as a colourless, and nearly odourless 
oil, b. p. 220°/25 mm. (Found: C = 84-7; H=7-2. C,,H,,0 
requires C = 85-7; H = 7-2 per cent.). It was characterised by 
means of its dibromo-additive product. 

By-Dibromo-y-phenyl-«-p-methoxy phenyl propane, 

OMe-C,H,°CH,°CH,Br-CHBrPh. 

—This substance was prepared by the action of two atoms of 
bromine on the above methoxy-hydrocarbon in chloroform solution 
at 0°, the experiment being conducted just as in the case of the 
isomeric bromo-compound (p. 2386). The new compound separated 
from ligroin in colourless prisms, m. p. 76° (Found: Br = 41'8. 
C,,H,,OBr, requires Br = 41-6 per cent.). 

a-p-Methoxybenzylcinnamic Acid, 

C,H;°CH:C(CO,H)-CH,°C,H,OMe. 

—The alkaline liquid from which the above methoxy-hydrocarbon 
had been extracted was heated to boiling and acidified with hydro- 
chloric acid, which precipitated an oil consisting of a mixture of 
cinnamic acid, p-methoxy-8-phenylpropionic acid, and «-p-methoxy- 
benzylcinnamic acid. The last is much less soluble in boiling water 
than either of the others. The oil was separated from the aqueous 
layer, boiled with two litres of water, and the undissolved portion, 
which had solidified, was collected and crystallised twice from 
alcohol, from which 16 grams of pure «-p-methoxybenzylcinnamic 
acid separated in colourless, glistening needles, m. p. 165° (Found: 
C= 763; H=6-4. C,,H,,0, requires C = 76-1; H = 6-1 per 
cent.). The aqueous liquids deposited a mixture of cinnamic acid 
and p-methoxy-$-phenylpropionic acid on cooling. 

a-p-Methoxybenzylcinnamic acid instantly decolorises cold alka- 
line permanganate, forming p-methoxyphenylacetic acid, anisic 
acid, and benzoic acid. Like its isomeride (p. 2386), it is a very 
weak acid: it is insoluble in cold sodium carbonate solution, 
although it dissolves slowly on boiling; it is easily soluble in sodium 
hydroxide. 

The anilide, obtained by adding a small excess of aniline to the 
acid chloride, which was prepared by digesting the acid with thionyl 


DUTT: DYES DERIVED FROM “ SACCHARIN.” 2389 


chloride, crystallised from alcohol in short, thick prisms or, occa- 
sionally, in needles, m. p. 140—141° (Found: C = 80-4; H = 6-6. 
(ygH,,O,N requires C = 80-4; H = 6-1 per cent.). 


We desire to thank the Royal Society for defraying a large 
part of the cost of this work. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Souto KENSINGTON. [Received, July 14th, 1922.] 


CCLXXXVIII.—Dyes Derived from ‘ Saccharin.” 
The Sulphamphthaleins. 
By SrxuipuusHan Dorr. 


A numBER of sulphonephthaleins have already been prepared by 
the aid of o-sulphobenzoic acid (Remsen, J. Amer. Chem. Soc., 
1885, 7, 180; compare also ibid., 1887, 9, 372; Blackshear, ibid., 
1892, 144, 455; Remsen and MacKee, zbid., 1896, 18, 794; Lubs 
and Clark, J. Washington Acad. Sci., 1915, 5, 609). 

The difficulty of getting pure o-sulphobenzoic acid in good yield 
led the author to investigate the action of “ saccharin ”’ on amines 
and phenols. In this way, condensation products have been ob- 
tained which are characterised by their colour and fluorescence and 
closely resemble the corresponding phthaleins in constitution and 
behaviour. ‘They differ from the corresponding sulphonephthaleins 
in having the bivalent imido-group in place of the lactone oxygen 
atom. Accordingly, they have been named sulphamphthaleins. 

The trimethyl derivative of phenolsulphamphthalein is obtained 
by the action of methyl sulphate on the trisodium salt, but only the 
diacetyl and the dibenzoyl derivatives are obtained by similar 
treatment with acetyl chloride and benzoyl chloride, respectively. 
The diacetyl derivative is more conveniently obtained by the action 
of acetic anhydride and pyridine on phenolsulphamphthalein itself. 

The following amino- and hydroxy-compounds have been con- 
densed with “ saccharin”: phenol, resorcinol, orcinol, phloroglu- 
cinol, hydroxyquinol, catechol, 1 : 2:4 : 5-tetrahydroxybenzene, 
m-phenylenediamine, m-aminophenol, m-dimethylaminophenol, and 
4:6-diaminoresorcinol. The colour and dyeing properties of the 
products closely resemble those of the corresponding phthaleins, 
but the fluorescence is somewhat stronger. They all decompose 
on heating. 

The “ saccharin’ employed in the above-mentioned condensa- 
tions was obtained by extracting the commercial material with 
sodium hydrogen carbonate, treating the solution with hydro- 
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chloric acid, and fractionally crystallising the precipitate from ether, 
the portion melting at 218-220° being utilised. 


EXPERIMENTAL. 


OH/ ( OH 
Phenolsulphamphthalein, ae, \o% / —Eight grams 
CoH, >NH 
SO, 

of “saccharin,” 15 grams of phenol, and 5 c.c. of concen. 
trated sulphuric acid were heated together at 100—110° for ten 
hours. The excess of phenol was distilled off in steam, and the 
brownish-red residue purified by dissolving it in ammonia and 
treating the filtered solution with dilute hydrochloric acid. The 
precipitate crystallised from hot water in yellow prisms, which 
became red on rubbing. The yield was 15 per cent. of the 
theoretical. With zine chloride at 160° as the condensing agent, 
the yield is only 6 per cent. 

Like phenolphthalein, phenolsulphamphthalein dissolves in 
alkali with a pink colour. It dissolves in water, acetic acid, or 
alcohol with a yellow colour, but is insoluble in ether. It has been 
obtained in two chromoisomeric forms, yellow and red, the former 
being the more unstable (Found: S = 9:1; N= 4:1. Cy, H,;0,NS 
requires S = 9°1; N = 3°9 per cent.). 

The trisodium salt, prepared by neutralising an aqueous solution 
of the sulphamphthalein with N/2-sodium hydroxide (3 equivalents 
were required) and evaporating the solution to dryness, is a dark 
red, crystalline substance, which dissolves in water with a brilliant 
pink colour and is extremely hygroscopic. 

The trimethyl derivative was prepared by the action of methyl 
sulphate on the trisodium salt. It crystallises from dilute acetic 
acid in colourless needles melting at 142° (Found: C = 675; 
H = 5°6. C,.H,,0,NS requires C = 67°38; H = 5:3 per cent.). 

A dibenzoyl derivative was prepared by the action of benzoyl 
chloride on the sodium salt. It crystallises from hot water in 
colourless, silky needles melting at 127° (Found: C = 705; 
H=42. ©,,;H,,0,NS requires C= 70°7; H=43 per cent.). 

The diacetyl derivative, prepared by means of acetic anhydride 
and pyridine, crystallises from dilute alcohol in colourless needles, 
m. p. 112° (Found: C = 628; H= 4-4. (©,3;H,,0,NS requires 

_C = 63-15; H = 4:3 per cent.). 
Resorcinolsulphamphthalein, GT OH)> CSN S02 — 


Eight grams of “ saccharin,” 11 grams of resorcinol, and 10 grams of 


ther, 


‘ams 
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fused zine chloride were heated at 180—190° for two hours, when 
the melt became almost solid. The cooled product was finely 
powdered, digested with concentrated hydrochloric acid for half 
an hour, filtered, washed with water, and extracted with ether to 
remove unchanged “‘ saccharin.””’ The product was converted, by 
the action of lead acetate on the sodium salt, into the lead lake, 
which was dried, suspended in absolute alcohol, and decomposed 
by hydrogen sulphide. The alcoholic solution was filtered, con- 
centrated to a small volume, and the dye precipitated with ether, 
being obtained in microscopic, brownish-yellow needles. 

Resorcinolsulphamphthalein is very soluble in alcohol or acetic 
acid, moderately soluble in water, and insoluble in ether or light 
petroleum. It dissolves in alkali with an orange colour, and the 
solution on dilution shows a very intense yellowish-green fluores- 
cence. The sodium salt dyes light yellow shades on wool (Found ; 
S = 84. C,,H,,0;NS requires S = 8°7 per cent.). 


Orcinolsulphamphthalein, O< CoH MeOH) CSN: 4>S0,.— 


Eight grams of “ saccharin,’ 13 grams of orcinol, and 11 grams of 
fused zine chloride were heated at 180° for about three hours, and 
the product was isolated as described above. It crystallises from 
dilute alcohol in brownish-yellow needles and dissolves in alkali 
with a blood-red colour, the solution, on dilution, showing a brilliant 
green fluorescence. The sodium salt dyes pink shades on wool 
(Found: S=7°9. C,,H,,O;NS requires S = 81 per cent.). 
Phloroglucinolsulphamphthalein—Prepared from 3°6 grams of 
“ saccharin,’ 5 grams of phloroglucinol, and 4 grams of fused zine 
chloride at 180—190° in about twenty minutes, and isolated in the 
manner already described, this compound crystallised from hot 
water in long, brownish-yellow needles. It dissolves in alkali with 
an orange-red colour, but the solution is not fluorescent. The 
sodium salt dyes fine orange shades on wool (Found: 8 = 8'3. 
CygH,30,NS requires S = 8°0 per cent.). 
OH O OH 
x as :) 
Hydroxyquinolsulphamphthalein, OH 4 4 ‘Ss OH . 
CoH, >NH 
SO, 
charin ” (1°8 grams), hydroxyquinol (25 grams), and fused zinc 
chloride (2 grams) were heated at 160—170° for two hours while 
a slow stream of dry hydrogen was passed over the molten mass. 
Purification by means of sodium hydroxide solution having been 


aoe Sac- 
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found ineffective, the product was acetylated. The acetyl derivative 
crystallised from dilute alcohol in colourless prisms melting 
above 300°. The product of its hydrolysis by alkali crystallises 
from a mixture of alcohol and ether in light reddish-brown, silky 
needles. 

Hydroxyquinolsulphamphthalein is very soluble in alcohol or 
acetic acid, moderately soluble in hot water, and sparingly soluble 
in ether or cold water. It dissolves in alkali with a pink colour, the 
solution showing a feeble yellow fluorescence. The sodium salt 
dyes fine pink shades on wool (Found: S=7°8. Cy, H,,0,NS 
requires S = 8-0 per cent.). 

Catecholsulphamphthalein.—Eight grams of “saccharin,” 11 
grams of catechol, and 10 grams of fused zinc chloride were heated 
at 180—190° for three hours. The cold product was powdered, 
washed with concentrated hydrochloric acid, and crystallised from 
ether, minute brown needles being obtained. 

Catecholsulphamphthalein is very soluble in water, alcohol, or 
acetic acid, and sparingly soluble in ether. It dissolves in alkalis 
with a green colour (Found: 8 = 86. C,,H,,0;NS requires 
S = 87 po cent.). 

1:2:4:5-Tetrahydroxybenz “tigge “alge 

OCH OH > CSN S02: 

—‘Saccharin”’ (0°8 gun) al 1:2 ll : 5-tetrahydroxybenzene 
(1°4 grams) were heated at 160° with 0°5 gram of fused zine chloride 
for about two hours. The product was finely powdered, digested 
with concentrated hydrochloric acid for half an hour, filtered, dried, 
and acetylated by the usual method. The hexa-acetyl derivative 
crystallised from dilute acetic acid in white, silky needles which 
did not melt at 290° (Found: C = 541; H=3°6. C,,H,,0,,NS 
requires C = 54°5; H = 3°7 per cent.). On hydrolysis with alkali, 
the pure dyestuff was obtained, which crystallised from hot water 
in dark brown needles with a green, metallic lustre. It dissolves 
in alkali with a pink colour but without fluorescence (Found: 
S= 7-0. Cy gH,,0,NS requires S = 7-4 per cent.). 

4: 4’-Diamino-2 : 2’-iminophenylsulphamphthalein, 

NH 
NH,” NNH; 


VAY 


ca 
SO, 
—‘‘Saccharin ” (1°8 grams) and m-phenylenediamine hydrochloride 
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(6 grams) were heated at 230° for about fifteen minutes. 
The melt was extracted with ether to remove unchanged 
“saccharin ’’ and dissolved in hot alcohol. The alcoholic solution, 
on cooling, deposited a quantity of brown needles, which were 
removed. The mother-liquor was concentrated to small bulk 
and cautiously diluted with water, when the sulphamphthalein was 
deposited in bright yellow, prismatic needles (Found: S = 87; 
N=15'1. Cy H,,0,N,S requires 8S = 8°7; N = 15°4 per cent.). 
The substance is very soluble in alcohol or acetic acid, sparingly 
soluble in water, and insoluble in ether. Its solution shows an 
intense yellow-green fluorescence, which is very similar to that of 


fluorescein. 
The above-mentioned brown substance was found to have the 


NH 


constitution C,H, >NH rr, Ve bd NHC »C gH,, since on 
No, . So, 


SO, 
boiling with alkali it decomposetl yielding “saccharin ’’ and the 
diaminoiminophenylsulphamphthalein. It was also formed when 
these two substances were heated with zinc chloride at 160°. 

It is slightly soluble in alcohol or acetic acid, and insoluble in 
water or ether. The solution shows a brilliant green fluorescence 
(Found: S = 13-4; N = 12°3. C,ygH.O,N,S, requires S = 13°8; 
N= 12:1 per cent.). 

NH 
ony \” oH 
2 : 2’-Iminophenolsulphamphthalein, VFA AS 
C 


CH, >NH 

SO, 
“Saccharin ” (3°6 grams), m-aminophenol (4°5 grams), and fused 
zinc chloride (4 grams) were heated at 180—190° for two hours. The 
melt was dissolved in dilute caustic soda and the filtered solution 
precipitated with hydrochloric acid. The compound, which could 
not be crystallised, was purified by means of the lead lake, as 
described in the case of the resorcinol compound. It is a dark 
brown substance which dissolves in alkali with a brown colour, 
but without fluorescence. Its solutions in alcohol and acetic 
acid show a fine moss-green fluorescence (Found; N = 7:2. 
C;9H,,0,N.S requires N = 7°6 per cent.), 
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4: 4'-Tctramethyldiamino-2 : ee ylsulphamphthalein, 


comps YY weet 
VAYY 


C,H. >NH 
SO 
—‘‘Saccharin ” (1°8 grams), m-dimethylaminophenol (2°8 grams), 
and fused zine chloride (1°5 grams) were heated at 180—190° for 
about one hour, when the melt assumed a deep pink colour and 
solidified completely. The product was powdered and boiled with 
alcohol and a little bone black ; the filtered solution slowly deposited 
the condensation product in small, pink needles with a golden lustre, 
The substance is very soluble in alcohol, acetic acid, or ether, 
slightly in water, and dissolves in dilute mineral acids with a pink 
colour and a strong yellow fluorescence. It dyes fine pink shades 
on wool (Found: S=7'5. C,3H,,0,N,8 requires S = 7°6 per 
cent.). 
C oH C—=-N O N=—9— 7s H, 
\ /NH Cy the “n° 


ee i 


The substance 


nights 
hates” tet 
SO, 
prepared by heating 1°8 grams of “saccharin,” 4°5 grams of 
4 : 6-diaminoresorcinol hydrochloride, and 3 grams of fused zinc 
chloride at 160° for three hours while a slow stream of dry hydrogen 
was passed over the molten mass. The cold product was finely 
powdered, digested with concentrated hydrochloric acid for half 
an hour, and purified by means of the lead lake. It could not be 
crystallised. It is a dark brown substance which dissolves in 
alkali with a splendid blue colour, but without fluorescence (Found : 
S = 128. C,,H,,0,N,S, requires S = 12-7 per cent.). 
Further work in this direction is in progress. 
CHEMICAL LABORATORY, 


Tue University or Dacca, 
BENGAL, INDIA. [Received, May 22nd, 1922.] 
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n, 
OCLXX XIX.—The Viscosity of Cellulose. Part II. The 
Lowering of the Viscosiiy of Cellulose by Various 
Reagents. 
By Reatnatp ARTHUR JOYNER. 
Ir was during the war that the importance became recognised 
‘ams), @ of having cellulose of a definite viscosity, the value of which 
0° for | depended on the use to which the nitrated or acetylated cellulose 
r and @ was to be put. In this vol., p. 1511, was described a modification 
with @ of the method adopted by Gibson, Spencer, and McCall for the 
sited @ determination of the viscosity in cuprammonium hydroxide, and 
istre, the effect on the viscosity of varying the concentration of the 
ther, | copper, ammonia, and cellulose was given. The present paper 
pink § deals with the lowering of the viscosity of cellulose itself by various 
ades reagents. 
per The first definite work published on the effect of solutions of 
sodium hydroxide on cellulose is given by Gibson (T., 1920, 117, 
479). It was shown that the effect of sodium hydroxide depended 
on the concentration and the temperature at which the experiment 
was carried out. 
bs One of the chief difficulties in work on viscosity lies in the 
interpretation of the results, for example, on p. 2407 is given the 
effect of increasing amounts of air on the viscosity of cellulose 
when dissolved in cuprammonium hydroxide. In the second series 
| of of experiments, with 2 per cent. solutions of cellulose, it is seen 
zine that 2°7, 13-6, and 30 c.c. of air lowered the viscosity by 530, 1300, 
gen and 1800 seconds, respectively. Although the lowering of viscosity 
ely is relatively great for the first additions of air, it is not correct 
aalf to assume that the chemical effect is relatively great for the first 
be additions. It was shown in Part I of this paper that the log. 
in viscosity is almost directly proportional to the concentration ex- 
d : pressed in grams per 100 c.c. of solvent, and therefore it is clear 


that if the agent referred to above ultimately reduces the viscosity 
of the cellulose to a very low figure, then the amount of cellulose 
transformed will be approximately given by the drop in the log. 
viscosity. It was shown that celluloses had constants given by 
a modified Arrhenius formula which were independent of the con- 
centration. Now, the highest viscosity possible for a 2 per cent. 
solution of cellulose appears to be about 57,000 seconds, or 28,000 
absolute units (p. 2399), whilst by repeatedly kiering a cellulose 
with sodium hydroxide a viscosity of 1 second for a 5 per cent. 
solution was obtained, These two figures give constants of 2°78 
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and 0°15, respectively, which denote the limits for the viscosity of 
cellulose for a 2 per cent. solution. The hypothesis is now made 
that there are two kinds of cellulose, high-viscosity cellulose or 
cellulose “‘ A,”’ which has the higher of the above constants, and 
low-viscosity cellulose or cellulose ‘‘ B,”” which has the lower of 
the above constants. A cotton which has an intermediate viscosity 
is a mixture of these two kinds, and the high-viscosity cellulose 
content will be given by the equation x = (? — 0°15)/2°63, where, 
by the Arrhenius formula, 6 = log — ee Some / 
viscosity of solvent 

tration. In this formula, instead of the log. viscosity of solvent, 
a number, — 0°80, is used, so that 

_ log viscosity of solution + 0°80 


concen- 


~ concentration (gram per 100 c.c of solvent)’ 


ExPERIMENTAL. 


In order to have a standard substance to work with, a large 
batch of sliver cotton was obtained which gave the following results 
when tested by routine methods : moisture, 4°62; oily matter, 0°24; 
mineral matter, 0°71; solubility in 3 per cent. NaOH at 100°, 5°66; 
copper reduction number,* 0°11 per cent; dyeing test, nil. 

Raw sliver is only partly soluble in cuprammonium hydroxide, 
but becomes quite soluble after being acted upon by dilute sodium 
hydroxide, which destroys the protein matter present. 

In carrying out the experiments on the action of sodium hydroxide 
on cellulose, the following procedure was adopted. The cotton 
was placed in test-tubes, a quantity of the solution of sodium 
hydroxide or of other substances added, and the cotton worked in 
the liquid or evacuated to expel the occluded air; the tubes were 
then filled to a convenient height and sealed. If this procedure 
be not adopted, the oxygen‘in the presence of caustic soda will 
oxidise the cellulose and lower its viscosity. The tubes were then 
heated in an autoclave at a definite temperature for a definite 
time. It was found that the temperature of the autoclave could 
be kept constant to within 1° or 2° for long periods. The auto- 
clave was then opened, the liquor in the tubes titrated, and the 
cotton washed with dilute acetic acid and thoroughly with water, 
and finally dried at about 70°. The ratio of liquor to cellulose in 
the tubes was varied from 15 to 10. The lower ratio could be 


* The copper reduction number is the weight in grams of cuprous oxide 
reduced by 100 grams of cotton from a solution of the following composition 
in grams per litre: hydrated copper sulphate 17-3, anhydrous sodium car- 
bonate 100, anhydrous sodium citrate 130. This and the soda-soluble figure 
give the amount of degraded cellulose present, 
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ity of decreased considerably without making any difference in the results. 
made Duplicate experiments were often carried out. All the determin- 
™ ations of the viscosity were made at 20°-+ 1° for a 2 per cent. 
, an 


solution of cellulose, unless otherwise stated. 


er of Table I gives the results obtained when the time of heating 
— was nine hours. 
ulose I 
here, Tas_e I. 
om Showing the effect of varying concentration of sodium hydroxide 
on sliver cotton when heated for nine hours at the temperatures 
ent, stated. 
100°. 110° 
Normality Viscosity Cellulose Normality Viscosity Cellulose 
of NaOH. (sec.). vat ag of NaOH. (sec. ). _— 
1-0 5760 81 0-91 2090 73 
4-5 1725 71 1-85 1161 68 
6-7 425 59 1-84 1203 68 
ree 6-7 394 59 2-81 423 60 
g 3-20 126 49 
ilts 125° 3-28 133 49 
24 « 0-44 950 66 5-49 = = 
6. 0-53 930 66 5-43 53 43 
16 ; 0-06 740 64 6-94 15-6 32 
¢ ‘ — 
0-96 780 64 6-92 15-4 2 
le 2-92 56 43 
‘ 2-92 53 43 134° 
im 5°52 38 23 0-25 675 62 
0-5 354 58 
de 141° 1-0 175 52 
0-0 350 58 20 59 43 
- 0-0 332 58 30 9 2s 
m 0-17 255 55 45 1-4 12 
. 0-17 
- 0-44 
"e 0-43 
, 0-90 
e 
0-86 
ll 
n The results shown in Table I have been plotted in Fig. 1, and 
e a series of nearly straight lines is the result. The higher the tem- 
1 perature the more these slope to the left, showing an increasing 


rate of reaction. These lines, on extrapolation for a zero con- 
centration of sodium hydroxide, cut the abscissa at increasing 
distances to the left. This denotes that water alone must have 
some effect on the cotton and that this effect increases rapidly 
with the temperature. 

In order to study the effects of the lower concentrations of 
caustic soda in more detail, sliver was heated for six and a half 
hours at 130° and a kiered sliver having a viscosity of 314 seconds 
was heated at the same temperature for five hours. The results 
are given in Table II. 
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TABLE IT. 


Showing the effect of low concentrations of caustic soda on sliver 
when heated at 130° for six and a half hours, and on a kiered 
sliver, viscosity 314 seconds at 130°, when heated for five hours, 


Sliver. Kiered sliver. 

Normality Viscosity Cellulose ‘A’ Normality Viscosity Cellulose “A” 

of NaOH. (sec.). per cent. of NaOH. (sec.). per cent. 
2:17 67, 55 2-0 29, 27 37, 37 
0-96 1-0 52, 48 41, 41 
0-49 0-50 57, 50 41, 41 
0-24 0-25 93, 92 42, 42 
0-091 5 0-10 116, 118 42, 42 
0-044 l 
Water 415, 476 59, 60 Water 170, 161 43, 43 


Fie 1. 


Showing the effect of heating sliver with various solutions of sodium 
hydroxide for nine hours at the temperatures stated. 


| HO" 


ee) 
3 
3 
4 
> 
> 
re 
8 
= 
~ 
~) 
Ps 


0-10 0-20 0-30 0-40 0-50 0-60 0-70 0-80 0-90 1-00 
Cellulose ** A” content. 


The results in Table II are shown graphically in Fig. 2, and it 
is evident the more dilute concentrations of caustic soda have a 
relatively greater effect than the more concentrated ones. This 
makes it seem probable that the effect is due to the hydroxyl 
ions. 

The results which have been obtained on the action of sodium 
hydroxide on cellulose are important from the practical point of 
view in the kiering of cotton. The concentrations of sodium 
hydroxide used are generally not more than 4 per cent., and there- 
fore the drop in viscosity can be found for any temperature between 
100° and 140° for a kiering period of nine hours. The results for 
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the various concentrations of sodium hydroxide have been plotted 
against the temperature in Fig. 3, and it will be seen that when 
the temperature is lowered the curves become more vertical and 
approach each other. The extrapolated value of the log. viscosity 
for the point where they become 

vertical and touch each other is Fia. 2. 


: i Showing effect of heating (1) raw sliver 
emt 4°76. ‘This means that for six and a half hours at 130°, 


the maximum value for the (2) cleaned sliver for five hours at 
viscosity of cellulose is about 135°, with different concentration 


97,000 seconds, or 28,000 C.G.S, °F sodium hydroxide. 
wits at 20° for a 2 per cent. 2| Tz 
solution in cuprammonium hydr- 
oxide containing 13 grams of 2-0 
copper and 200 grams of am- 
monia per litre. 


Kinetic Measurements in Presence 
of Sodium Hydroxide. 
Kinetic measurements were 
carried out, using N-sodium 
hydroxide at various tempera- 
tures. In order to eliminate 
erors due to fluctuating tem- 
perature, which would be very 
dificult to prevent when using 
an autoclave which could only 
be heated and cooled slowly, —— i 
three samples of cellulose having = Se qa | ee “a 
different viscosities were heated | 
for seven hours, simultaneously, \ . oe se ae 
at various temperatures. After ‘\ 
cooling and washing, the vis- \ \ 
cosities of the samples were re- N 
determined, and the amount of 
change, as denoted by the 
amount of cellulose “A” trans- \ | | 
formed, was calculated. It is 04 O+b 06 OF 
seen that the amount of change Cellulose “*A’’ content. 
in each case is proportional to 
the amount of cellulose “A” originally present; in other words, 
the reaction proceeds as though it were unimolecular. The results 
are given in Table III, & hours being calculated for a unimolecular 
teaction, k = 1/t. log a/a — x. 


1-5 


ee ee eee 


nt 
by 


1-0 


Normality of NaOH. 
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TABLE III. 


Showing the calculation of the unimolecular constant, k, for the 
action of N-NaOH on cellulose at various temperatures. Time 
of heating, seven hours. 

Initial Final 
Initial cellulose “A” Final cellulose ‘‘ A ”’ 
viscosity. per cent. viscosity. per cent. . Temp, 
1440 69-5 342 57-5 
54-8 84-5 46-1 
44-5 37-0 
69-5 54-8 
54-8 ° 42-9 
44-5 3: 35-6 
69-5 . 44-2 
54-8 . 36-3 
44-5 ; 28-5 
69-5 . 28-6 
54-8 ° 24-8 
44-5 . 22-1 


TEMPERATURE. 


2 s 
Los. Viscosiry. 


With the exception of the result at the higher temperatures, the 
constant obtained is fairly satisfactory. 

The result found here agrees with many heterogeneous reactions 
in giving a unimolecular constant, a list of which is given in “A 
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system of Physical Chemistry,” Part I, p. 450, William C. McC. 
lewis. As regards the nature of the reaction, the results obtained 
by Armstrong (Proc. Roy. Soc., 1904, 73, 508) on the action of 
ezymes on sugar are of interest. The temperature coefficient for 
the results with cellulose is low, a rise of 10° increasing the rate 
about 1°6 times, which is in accordance with many results obtained 
for heterogeneous reactions. This reaction is, however, different 
fom other heterogeneous reactions in that the substance under- 
ging change is solid, whilst the catalyst is a liquid. From these 
results it is now possible to state the conditions necessary in order 
to lower the viscosity of cellulose of any viscosity by a required 
amount. 

In the last experiment, along with the three samples of cleaned 
diver a sample of raw sliver was also subjected to the action of 
Y-sodium hydroxide, and thereafter the viscosity was determined. 
Knowing, therefore, the final amount of cellulose ‘‘ A,”’ and using 
the constants obtained, it was possible to calculate the amount 
of cellulose ‘‘A” in the pure unattacked sliver. The average 
values for the constant being employed in each case, except in the 
last, where the highest one was used, the values found were 86, 
§6, 82, and 83 per cent. The actual values should have been 
100 per cent. in each case. 


The Selective Sorption of Sodium Hydroxide by Cellulose and its 
Action in lowering the Viscosity. 

With solutions stronger than normal, the action of sodium 
hydroxide in lowering the viscosity has been shown to be nearly 
proportional to the gross concentration of the sodium hydroxide. 
Although this was probably accidental, depending on various 
factors, for example, degree of ionisation, hydration, etc., it was 
thought interesting to study the action from the sorption point 
of view, as it was known that the sorption of sodium hydroxide 
from aqueous solution by cellulose also increases with the con- 
centration. 

The question of the sorption of sodium hydroxide by cotton has 
been revised by Leighton (J. Physical Chem., 1916, 20, 32) especially 
from the point of view of the phase rule, and it was shown that 
the occurrence of definite combination between cellulose and 
sodium hydroxide has by no means been proved. Leighton showed 
that measurements involving decrease in concentration of a sodium 
hydroxide solution due to the addition of cotton give simply the 
amount of selective sorption, that is, the difference in the absorp- 
tion of sodium hydroxide and water. He endeavoured to measure 
the total sorption by centrifuging cotton which had been placed in 
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sodium hydroxide solution; on the assumption that the cotton 
had then no solution clinging to it, the increase in weight of the 
cotton and the amount of sodium hydroxide therein gave the 
quantity of water and of sodium hydroxide sorbed. This method 
obviously furnished too high results, because from his experiments 
he deduced that 1 gram of cotton can sorb 4 grams of water, whilst 
in reality wet cotton can be squeezed so that the water content 
falls as low as 0-8 gram per gram of cotton. 


Fic. 4. 
Showing the sorption of sodium hydroxide by cellulose. 
20 ] 
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Vieweg (Ber., 1907, 40, 3876) determined the selective sorption 
of sodium hydroxide from an aqueous solution by titrating a definite 
volume of solution before and after the addition of cotton. In 
the present work, in order to obtain more accurate results the 
analyses were done on definite weights of the solutions. Known 
weights of sodium hydroxide (volume 10 c.c.) and cellulose (about 
1 gram) were well mixed together at room temperature and a 
definite weight of the solution was titrated. Preliminary experi- 
ments showed that after one and a half hours the selective sorption 
of the sodium hydroxide did not increase in six days. The results 
obtained are shown in Table IV and graphically in Fig, 4. 
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TABLE IV. 


Giving results obtained for the selective sorption of sedium 
hydroxide by cotton. 


Composition of aqueous phase. Composition of cellulose phase. 
Grams of NaOH per 100 grams of Grams of NaOH per 100 grams of 
water. cellulose. 

29-6 16-6, 17-8 

28-6 14-1, 16-5 

24:3 15:7 

20-5 13-9 

19-1 12-8 

18-8 12-6, 12-8 

13-3 9-9 

12-8 8-6 
7°65 3-41 
6-95 3°23 
4-02 1-72 
3-79 2-20, 2-27, 2-15, 2-12, 2-01 


These results show that sorption of sodium hydroxide by the 
cellulose takes place. This sorption, as will be seen, is increased 
by the addition of neutral salts. 

Preliminary experiments on the effect of the addition of sodium 
chloride to the sodium hydroxide solution showed that the con- 
centration in the cellulose phase increased, and accordingly solutions 
were made by adding increasing amounts of sodium chloride to 
sodium hydroxide. In these solutions the ratio of water to sodium 
hydroxide was therefore constant. The sorption from these solu- 
tions was determined and also the effect on sliver after heating for 
six and a half hours at 122°. 


TABLE V. 


Showing the effect of adding increasing amounts of salt on the 
sorption of sodium hydroxide by cellulose, and the relative 
effects of such solutions on cellulose. 


Grams of 
Composition of solution. NaOH 
—______—_—_——__—_—_——— Grams of per 100 
Percentage of NaOH’ gramsof Viscosity Cellu- 
NaOH. NaCl. NaNO ;. water. per litre. cellulose. (sec.). lose ‘“‘A.” 

71 _— _- 92-9 76-5 3-41 433, 414 59 
6-5 6-8 — 86-7 73-5 5-11 482 60 
6-0 13:6 —- 80-4 70-2 5-40 417 59 
5:3 22-4 — 72-3 65-0 5-95 388 59 
4-2 13-7 23-1 59-0 56-0 6-40 111, 108 48 


The effect of other neutral salts was studied and it was found 
that neutral salts alone had little effect on raw sliver at 120°, but 
in conjunction with sodium hydroxide potassium chloride had a 
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specially strong effect. When, however, a sliver which had 
already been acted upon by sodium hydroxide was so treated, 
potassium chloride had an effect almost equal to that of an equiy. 
alent concentration of sodium or potassium hydroxide, whilst the 
effect of sodium chloride, sodium nitrate, barium chloride, oy 
potassium nitrate was almost negligible at 120°. As was stated on 
p. 2396, raw sliver is not very soluble in cuprammonium hydroxide, 
and it would seem that in its natural state it contains very little 
free cellulose and that the protein matter must first of all be 
destroyed before the cellulose can be attacked. 

Further results on the effects of sodium and potassium chlorides 
are given in Table VI. 


TaBie VI. 


Showing the effect of equivalent concentrations of potassium 
chloride and sodium chloride on sliver in seven and a half 


hours at 120°. 
Cellulose “ A” 
Composition of solution. Viscosity. 

(a) 2N-NaOH 340, 326 
(6) 2N-KOH 510, 491 
100 cc. of (a) with 20 grams of KCl 72, 71 

»» 9 on. SE ww NaCl 445, 431 
” (6) 5, 20 ” KCl 82, 82 
” ” » 159 ,, NaCl 652 


These results confirm the others as regards the relative effects 
of sodium chloride and potassium chloride. The effect of the 
potassium chloride may be due to its slightly increasing the hydroxyl- 
ion concentration, also to its raising the potential of the hydroxyl 
ions; it may also have a specific action on the cellulose. 

It was found that the sorption of sodium chloride or potassium 
chloride by cellulose from 22 per cent. solutions was small, being 
only about 1 gram per 100 grams of cellulose. 

When sliver was heated with a solution of ammonium chloride 
or calcium chloride, a degraded product of very low viscosity 
resulted, but when a mixture of ammonium chloride and ammonia 
was used, there was scarcely any effect. Evidently the action of 
the ammonium chloride or calcium chloride was due to the acid 
set free by hydrolysis. Ammonia solution alone also had little 
action. 


The Action of Dilute Acids on Cellulose. 


It was recognised that the action of dilute acids on cellulose 
was much more rapid than that of alkalis, but on account of their 
degrading action it was necessary to use such a strength that little 
or no hydrocellulose could be formed. 
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The following tables show the action of various strengths of 
hydrochloric acid in degrading cellulose at 100°. 


Taree VII. 


Showing the action of various strengths of hydrochloric acid on 
cellulose at 100°. 


Strength of acid. Time of action. Remarks. 
N/1HCl1 5 minutes Converted to powder. 
5 50% of the product soluble in 3°4 NaOH ; 
viscosity of 5% sol. = 1 sec. 
N/10HCI1 Soluble in NaOH, 4 per cent. 
3 12 


9 


N/30HCI ‘ e+ eat 
99 12 
N/100HCI ive 

The experiments with acids were therefore limited to concen- 
trations of NV /30 and N/100. 

In determining the rate of reaction, cellulose was boiled under 
reflux, at a definite time cold water was poured down the con- 
denser to stop the reaction, and the product was well washed and 
dried at 70°. The viscosity, usually for a 2 per cent. solution, was 
determined; the percentage of cellulose ‘‘ A” and the constants k 


for the various orders of reaction were calculated: ky = : log 


=i(. ee = 3 : —+) were a = 
a—z a/’ “ 24\(a—z2? a)’ ae 


fraction of cellulose “‘ A ”’ at time 0 and a — x = fraction at time ¢ 
minutes. 


Tasie VIII. 


Showing the effect of dilute hydrochloric acid on cleaned 


cellulose. 
Fraction 
Time Viscosity of cellu- 
inmin. insec. lose “ A.” bie Bree Remarks. 
0-697 
0-481 
0-431 
0-333 
0-298 
0-198 
0-110 


0-697 
0-498 
0-427 
0-332 
0-276 
0-228 
0-204 


Acid N/100HCI1. 

T = 100°. 

Cellulose sliver. 

Solubility in NaOH at 
end, 3%. 
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TasiE VIII (continued). 


Frac- 
tion of 


Frac- 
tion of 


Time Viscos- cellu- 

in ityin lose 

2 “ A.” Kiere 
0-697 
0-358 
0-269 
0-232 
0-190 
0-117 
0-058 


0-491 
0-405 


Time Viscos- cellu- 


in 
Remarks. min. 
Acid 0:286N- 0 
Hcl. T= 15 
100°. 2:5% 45 
for viscosity 105 
except at 165 
zero time. 285 
Sliver. 405 

405 
Acid 0 
0-0100N-HCIL. 


ity in 


9 0-0092 


Remarks, 
Acid 
0-0100N. 
HCl. T= 
80°. 


0-0130 


0-0070 
0-0070 
0-0067 
0-0059 
0-0054 
Acid 
0-O100N. 


Sliver. 


0-530 
0-391 


HCl. 
T=100°, 


T=100°, 
Linters 
2-5% for vis- 
cosity. 


0-368 
0-300 
0-270 
0-196 
0-152 


0-232 Cops. 


It is seen that k,, is fairly constant. As the concentration of 
the acid remains constant throughout the reaction, the number 
denoting the order should be increased by one, and if the reaction 
took place in a homogencous phase giving a termolecular constant, 
the reaction would be strictly quadrimolecular. However, in view 
of the fact that the reaction is apparently heterogeneous it is 


difficult to imagine that the obtaining of the constant has the 
same significance as it would have if the reaction took place in a 


homogeneous liquid phase. The temperature effect is large and 
it appears that the constant is probably proportional to the acid 
concentration. One experiment was made with acetic acid, when 
an N/10-solution in fifty minutes reduced the viscosity of a cellulose 
from 1480 seconds to 68 seconds. N/100-Hydrochloric acid would 
take about ten minutes to produce the same lowering. An 
N/10-solution of acetic acid has about twice the effect expected 
from a comparison of the concentration of the hydrogen ions in 


N/100-hydrochloric acid. 


Reduction of the Viscosity of Cellulose by Oxidising Agents. 


The first experiments under this heading were made with cellu- 
lose in cuprammonium solution. The viscosity was first deter- 
mined in an atmosphere of hydrogen. After one-quarter of the 
cellulose solution had run out, to the remainder a measured volume 
of air was added and the mixture well shaken for an hour, the 
reaction being half complete in five minutes. Blank experiments 
were carried out on the hydrogen from time to time. The results 
obtained are shown in Table IX. 
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TABLE IX, 


The quantitative effect of air on the lowering of the viscosity of 
cellulose cuprammonium solutions. 


Seventy-five c.c. of solution were used in each experiment. 


2 Per cent. solution of cellulose. 
3 4 5 6 
Diff. in 
cellu- 
Cellu- Cellu- lose “A” 
Viscosity lose “A” Viscosity lose “A” C.c. air perce.c. Column 6, 
before. before. after. after. added. ofair. Golumn 2. 
242 0-547 17-1 0-329 20-7 0-0105 
240 ™ 7-2 0-258 25-1 0-0114 
245 0-548 , 0-226 30-7 0-0105 
Mean 0-0108 
1420 . 0-656 2-7 0-0140 
1400 - : 0-449 13-6 0-0180 
1790 . 0-367 0-0164 
1840 , . 0-238 . 0-0158 


ee 


0-0161 
0-405 ; 0-0097 
0-368 0-0087 
0-286 . 0-0098 
0-223 . 0-0101 
0-0096 

4 Per cent. solution of cellulose. 
1850 0-348 6-3 0-0043 
512 0-283 15-9 0-0030 
220 0-249 32-5 0-0032 


—_—_——— 


Mean 0:0035 


1 Per cent. solution of cellulose. 
21-4 0-761 3-4 0-0225 
9-6 0-627 9-9 0-0217 
3-7 0-472 16-6 0:0219 
1:5 0-319 27-7 0-0186 


Mean 0-0212 0-025 


The viscosity values show that the addition of a small amount 
of air brings about a great change, whilst further additions produce 
little effect. When, however, the content of the hypothetical 
cellulose ‘“‘ A” is considered, the effect of the air is, for cellulose 
of the same viscosity, roughly proportional to the amount added. 

As was mentioned in Part I of this paper, oxygen reacts some- 
what slowly with cuprammonium solution and produces nitrite, 
but it was proved during the present work that it is not the oxygen 
which so reacts which reduces the viscosity of cellulose, but that 
the reaction is direct. From the relative speeds of the two reac- 
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tions it would seem that most of the oxygen, when introduced into 
a cuprammonium solution, reacts with the cellulose. 

From the above figures it is possible to calculate roughly the 
amount of oxygen necessary to reduce the viscosity of cellulose to 
its lowest limit, in other words, to convert all the cellulose “ A” 
to cellulose “B.” This amounts to about 5-3 c.c. per gram at 
N.T.P., which means that 16 grams of oxygen react with about 
2100 grams of cellulose. It will be seen that a similar figure jg 
obtained in the experiments with sodium hypochlorite. 


Experiments on Undissolved Cellulose. 


It was noticed that the lowering of the viscosity of cellulose 
during the kiering operation was in general considerably greater 
than would have been expected from the results of autoclave 
experiments carried out under the same conditions of temperature 
and concentration of sodium hydroxide. The cause of this was 
found to be the air in the cotton, for when the cotton was thoroughly 
wetted and steamed before the caustic soda was added the cleaned 
cellulose had a much higher viscosity than that measured when 
no such precautions had been taken. 

It was found that by simply boiling cellulose with 4 per cent. 
caustic soda for three-quarters of an hour at atmospheric pressure, 
during which time hydrogen peroxide was added, the viscosity 
was reduced from 2160 to 1:7 seconds. The cellulose had no 
copper reduction number and therefore it was evident that by 
this means the viscosity of cellulose could be lowered without 
the cellulose being appreciably degraded. 

Experiments were then made using sodium hypochlorite instead 
of hydrogen peroxide. It is known that in acid solution cellu- 
lose is quickly attacked by chlorine (‘‘ Cellulose,” 1918 edition, 
Cross and Bevan, p. 59). It was found that, when boiled with 
4 per cent. sodium hydroxide and much hypochlorite, cellulose 
was rapidly disintegrated to a powder of very low viscosity. On 
further boiling, the powder became finer, and on being washed 
with water, swelled up. The powder was partly soluble in water, 
but was reprecipitated by sodium sulphate solution. It was noticed 
that during this boiling a yellow colour would suddenly appear; 
this indicated that all the hypochlorite had been used up, for 
the colour vanished on the addition of more of the reagent. By 
this means it was possible to oxidise cellulose almost entirely to 
carbon dioxide. When sugar was employed instead of cellulose, 
the same phenomenon was observed, and when the yellow colour 
appeared formaldehyde was detected by its odour. 

It was found that by the addition of about 1-5 c.c. of N-sodium 
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hypochlorite per gram of cellulose the viscosity could be so reduced 
that a 4 per cent. solution had a viscosity of four seconds. When 
sodium carbonate solution was employed instead of sodium hydr- 
oxide, 0°8 c.c. of N-solution reduced the viscosity of a 4 per cent. 
solution to two and a half seconds. In the first instance sub- 
stances soluble in sodium hydroxide would be formed which would 
react quickly with the hypochlorite, whilst with sodium carbonate 
solution all the oxygen of the hypochlorite would be used in lower- 
ing the viscosity. In these experiments, about 16 grams of oxygen 
reacted with about 2500 grams of cellulose. There was no chlorate 
formation in these reactions. The amount of oxygen consumed 
is of the same order of magnitude as that used in the reduction 
of the viscosity of cellulose in cuprammonium solution by gaseous 
oxygen. This means that the minimum molecular weight of 
cellulose must be at least 2500, should one atom of oxygen react 
with one molecule of cellulose. 

Ultramicroscopic examination * to determine whether the re- 
duction in the viscosity is accompanied by an increase in the 
number of colloid particles yielded only negative results on account 
of the deep colour of the cuprammonium solution and the large 
amount of hydration which took place when other solvents were 
used. 


The above work was carried out in the Research Department 
of Messrs. Nobel Industries Ltd., and the author has to thank 
Messrs. Nobel and Mr. William Rintoul, O.B.E., F.L.C., for per- 
mission to publish this paper. He also wishes to thank Mr. J. J. 
Tidd, who carried out many of the experiments described herein. 


ARDEER Factory, 
STEVENSTON. [Received, June 24th, 1922.] 


CCXC.—The Sorption of Saturated Vapours by 
Charcoal. 


By Joun Driver and JAMES BRIERLEY FIRTH. 


In a previous paper (T., 1921, 119, 1126), the authors showed 
that the sorption of alcohol by animal charcoal, when it is exposed 
tothe saturated vapour, is about five times as great as the sorption 
of water for a given specimen of animal charcoal. Further, it was 
shown that in the case of mixtures of alcohol and water the alcohol 
is preferentially sorbed. 

* Carried out at Bristol University through the kind permission of Pro- 


fessor Francis Francis and Professor J. W. McBain. 
VOL. CXXI. 4Nn 
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In the present communication, the experinients have been 
extended to include other liquids and charcoals. The object. of 
the first series of experiments was to determine the sorption of 
different liquids by a given specimen of animal charcoal. The 
second series had for its primary object the investigation of the 
sorption of certain liquids by different charcoals. A third series 
of experiments was carried out to determine the influence of heat 
on the activity of charcoal relative to the sorption of liquids. 


EXPERIMENTAL. 
(1) Sorption of Liquids by Animal Charcoal. 


The animal charcoal employed was a portion of the purified 
sample used in the previous experiments with alcohol and water 
(loc. cit.). The liquids were carefully dried and distilled several 
times before use; the first and the last runnings were rejected. 
The densities of the respective liquids at 25° (d3-) were. as follow : 


Methyl benzoate O77: Ethyl propionate 
Carbon tetrachloride OT: Ethyl ether 
Chloroform -476 Carbon disulphide 
Benzene 873: Toluene 


The apparatus and the experimental procedure were exactly 
as described in the previous communication (loc. cit.). The results 
are given in the following table, where m is the weight of charcoal 
used and x the c.c. of liquid sorbed. 


TABLE I. 


Methyl benzoate. Ethyl propionate. 
m = 0-7350 gram. m = 0-7882 gram. 


Time (days). @. x/m. Time. ®. ax/m. 

l 0.00474 0-006449 4hours 0-007436 0-009436 
0-00993 0-01351 2 days 0-02952 0-03745 
0-01328 0-01807 5 0-06355 0-08063 
0-02106 0-02865 9 0-08631 0-1070 
0-02423 0-03296 1l 0-10276 0-1303 
0-03350 0-04422 20 0-15549 0-1972 
0-03815 0-05590 26 0-18952 0-2405 
0-05261 0-07158 80 0-37663 0-4775 
0-06542 0-08900 90 0-39420 0-5001 
0-08500 0-1156 110 0-4253 0-5396 
0-29166 0-3968 131 0-4502 0-5712 
0-33082 0-4397 150 0-4823 0-6119 
0-34802 0-4735 160 0-4825 0-6120 
0-3511 0-4776 165 0-4824 0-6120 
0-3582 0-4873 
0-3961 0-5434 
0-4037 0-5493 
0-4038 0-5494 
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TABLE I. (continued). 


Chloroform. Benzene. 
m = 1-0876 grams. m = 0-9284 gram. 


2. x/m. Time (days). x. x/m. 
0-2014 0-1852 1 0-0976 0-1052 
0-2298 0-2113 2 0-1636 0-1762 
0-3560 0-3273 4 0-2312 0-2491 
2 hours 0-4338 0-3988 6 0-2766 0-2980 
3 os 0-4841 0-4410 8 0-3215 0-3416 
1 day 0°6482 0°5961 12 0°3522 03793 
4 days 0-6722 0-6180 15 0-3731 0-4019 
iy sae 0-6821 0-6272 20 0-3975 0-4282 
= 0-6977 0-6413 25 0-4198 0-4522 
14 0-7103 0-6531 35 0-4201 0-4525 
16 0-7103 0:6531 65 0-4202 0-4526 


Ethyl ether. Toluene. 
m = 1-1245 grams. m = 1-0018 grams. 


Time. 2. a/m. Time (days). Xt. a/m. 

5 mins. 0-3132 0-2785 ] 0-0813 0-08035 

0-4214 0-3748 ; 0-1153 0-1140 

z= 0-4936 0-4389 ’ 0-1502 0-1485 

oo. 0-5163 0-4592 0-182: O0-1802 

1 hour 0-5281 0-4697 j 0-2536 0-2506 

2 hours 0-5192 0-4618 ; 0-2611 0-2583 

0-5104 0-4539 0-2823 0-2790 

0-5003 0-4450 14 0-3238 0-3200 

0-5000 0:4447 18 0-3571 0-3530 

0-4998 0-4446 25 0-4010 0-3963 

0-4999 04446 30 0-4112 0-4063 

36 0-4220 0-4171 

48 0-4221 0-4172 


Carbon tetrachloride. Carbon disulphide. 
m = 0-6452 gram. m = 0-6491 gram. 
Time. 2. ax/m. Time. 2. 

4} hours 0-09687 0-1502 5 mins. 0-30309 
™ 0-30151 0-4673 0-48944 
100 ,, 0-42245 0-6548 y 0-52325 
14, 0-43359 0-6720 0-45992 
” «“ 0-43358 0-6720 0-44373 
0-44373 


(2) Sorption of Liquids by Various Charcoals. 

A second series of experiments was carried out in which different 
charcoals were employed. The charcoals were, lampblack, blood 
charcoal, sugar charcoal, cocoa-nut charcoal from the shell, cocoa- 
nut charcoal from the fruit. The cocoa-nut charcoal from the 
white tissue and from the shell were prepared by carbonisation 
at as low a temperature as possible. The blood charcoal gave 
initially 9-31 per cent. of ash, which diminished to 4-21 per cent. 


after repeated digestion with concentrated hydrochloric acid and 
4n2 
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boiling for eight hours with distilled water. The cocoa-nut charcoal 
from fruit as prepared gave 21-30 per cent. of ash, and that from 
shell 1-21 per cent.; after purification as above, the ash was 3-98 
and 0-371 per cent., respectively. The lampblack and the sugar 
charcoal, after purification, contained less than 0-1 per cent of ash, 
In the following table the time required for equilibrium and the 
value of x/m at equilibrium are given. 


TABLE II, 


Water. Chloroform. Benzene. Alcohol, 
Time in Time in Time in Time in 

Charcoal. days. z/m. days. 2/m. days. x/m. days. x/m, 

Lampblack 33 00-3842 19 O-9361 22 0-6992 23 0-8751 

Blood charcoal 2 00-2649 23 0O-8362 23 0-6410 28 0-7436 

Sugar charcoal 0-1214 31 0-4212 31 0O-3851 28 0-4016 
Cocoa-nut charcoal 

from shell 0-0513 60 00-2235 54 O-1714 38 0-1936 
Cocoa-nut' charcoal 

from fruit 0-0936 47 03961 42 00-2107 41 94-4104 


(3) The Influence of Heat on the Activity of the Charcoal. 


It has previously been shown by one of us (Firth, T., 1921, 119, 
27) that the activity and the sorptive capacity of the charcoal, 
with regard to the sorption of gases, are greatly influenced by its 
previous heat treatment. A similar series of experiments has been 
carried out with liquids. The charcoals were heated in a vacuum 
at different temperatures for periods varying from six to forty-eight 
hours, the temperature being approximately determined by means 
of a pyrometer. The charcoal was allowed to cool in the vacuum 
and transferred as quickly as possible to the sorption apparatus. 
The results obtained are given in Table III. The two liquids 
used were chloroform and benzene, and the results are given in 
columns (a) and (b), respectively, in the table. 


Discussion of Results. 


The results in Table I show that the rate of sorption varies 
considerably with the different liquids, equilibrium being attained 
most rapidly in the cases of ether and carbon disulphide and 
exceptionally slowly with methyl benzoate and ethyl propionate. 

The results given in Table II show that for a given liquid the 
volume sorbed for 1 gram of charcoal varies over a very wide range 
with the various charcoals used. In the case of lampblack, which 
was the most efficient charcoal used, the value varies from 0-3842 c.c. 
in the case of water to 0-9361 c.c. in the case of chloroform; with 
cocoa-nut shell charcoal, the values are 0-0513 c.c. and 0-2235 c.c., 
respectively. Again, the time required for equilibrium to be 
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attained is much less with lampblack than with cocoa-nut shell 
charcoal. From the results given in Table III it is again apparent 
that not only the activity but also the sorptive capacity is materially 
affected by heat treatment. In the cases given, heating at 900° 
for forty-eight hours results in an increased sorption of approxi- 
mately 100 per cent. When the charcoals are heated rapidly to 
temperatures above 1000°, their sorptive capacities show a diminu. 
tion; this, however, cannot be regarded as a diminution in the 
activity of the charcoal as a whole, but is the result of the con. 
version of a portion of the charcoal into a dense and more compact 
form of low sorptive power, and also possibly to the formation of 
a more stable crystalline phase. Hence the quantity of really 
active charcoal is less than the total charcoal, the actual amount 
diminishing with increase of period of heating (compare Firth, T., 
1921, 119, 929). 

The results cannot be considered to support the view of Gurvitsch 
(J. Russ. Phys. Chem. Soc., 1915, 47, 805) that the volumes of 
liquid adsorbed vary over a relatively small range from 0-61 to 
0-684 c.c. per gram of sorbing substance. Yet it would appear 
from Table I that under certain conditions a number of liquids 
may fall within this range; on the other hand, many fall outside 
it. Again, the results show that the sorptive capacity of a given 
charcoal for a given liquid can be varied over a wide range; hence 
any particular result falling within the range given by Gurvitsch 
must be regarded as a coincidence. It has been shown that, for 
the several charcoals used, the sorptive capacity for a given liquid 
varies considerably; which is in further disagreement with the 
general conclusion of Gurvitsch. 


Tse CHEmMIcAL DEPARTMENT, 
UNIVERSITY COLLEGE, NOTTINGHAM. [Received, July 21st, 1922.] 


CCXCI.—Attempts io Prepare Red Sulphide Dyes. Part 
II. Mercaptan Derivatives of Azo-dyes. 


By Epwirsy Roy Watson and SIKHIBHUSHAN Dorr. 


MERCAPTAN derivatives of azo-dyes had already been prepared 
with the idea of using them as sulphide dyes (vide Friedlinder and 
Mauthner, Z. Farb. Ind., 3, 333; Miiller, ibid., 5, 357; D-.R.-P. 
161462; Fichter, Fréhlich, and Jalon, Ber., 1907, 40, 4420); but 
none of them were entirely satisfactory, either because they were 
insufficiently soluble in sodium sulphide or not easily oxidised on 
the fibre or the dyeings were not sufficiently fast to all agencies. 
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Despite these unsatisfactory results, it was thought worth while 
to prepare some more mercaptan derivatives of azo-dyes, especially 
as none had been prepared containing mercaptan groups (a) in 
the o-position to the azo-linking, (4) in naphthalene nuclei, or (c) on 
both sides of the azo-linking. 

The following mercaptans and azo-mercaptans have now been 
prepared : | 

m-Hydroxyphenyl Mercaptan, OH-C,H,SH.—m-Aminophenol 
(45 grams) was diazotised, the solution almost neutralised, and 
gadually poured into 16 grams of potassium xanthate in 50 c.c. 
of water kept at 70°. The oily product which separated was 
boiled with alcoholic sodium hydroxide for seven hours, the alcohol 
removed, and the residue dissolved in water and boiled with 20 c.c. 
of concentrated hydrochloric acid and 6°5 grams of zine dust for 
an hour. After a second similar treatment with zinc dust and 
acid, the solution was cooled, extracted with ether, the filtered 
ethereal solution evaporated down, the residue dissolved in alcohol 
and treated with an alcoholic solution of 9 grams of lead acetate. 
The bright yellow precipitate obtained was filtered off, washed 
with alcohol, suspended in alcohol, and treated with excess of 
hydrogen sulphide. After filtering from lead sulphide, the alcohol 
was evaporated and pure m-hydroxyphenyl mercaptan (2°7 grams) 
was left as a yellow oil, soluble in caustic soda and giving an 
intense yellow colour with benzenediazonium chloride (Found : 
§= 249. C,H,OS requires S = 25-4 per cent.). 

Further experience showed that the treatment with lead acetate, 
etc., Was unnecessary. 

Di-m-hydroxyphenyl Disulphide, (OH*C,H,),8..—The above mer- 
captan, dissolved in alcohol, was treated with excess of ferric chloride 
in alcoholic solution. The oil precipitated on addition of water 
solidified when washed by decantation. It was recrystallised from 
boiling water and obtained as white, hexagonal plates melting at 
8—90° (Found: S = 25:4. Cy, ,H,)0,8, requires S = 25°6 per 
cent.). 

Diphenyl-4 : 4'-bisazohydroxy-2-phenyl Mercaptan, 

[CgH,N,"C,H,(OH)-SH),. 
—Benzidine (3°72 grams) was diazotised and coupled with 5:4 
grams of m-hydroxypheny! mercaptan in alkaline solution. After 
standing over-night, the mixture was acidified and boiled and the 
dye filtered off. It is soluble in sodium sulphide and dyes cotton 
red, but the colour changes to brownish-yellow on oxidation in 
air. The dyeings possess considerable fastness, but are not so fast 
to alkalis as dyeings with ordinary yellow sulphide dyes (Found : 
= 13°5. C,,H,ON,S requires S = 13°97 per cent.). 
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1-Hydroxy-5-naphthyl Mercaptan, OH-C,>H,*SH.—A bright orange. 
yellow solution and a brown precipitate were obtained when 
5-amino-l-naphthol (8°8 grams) was diazotised. The precipitate 
(1-7 grams) was washed with ice-cold water, the filtrate and washings 
were mixed and poured into a cold solution of 13°2 grams of 
potassium xanthate in a little water, and the mixture was heated 
at 75° for half an hour. The oil which separated was dissolved 
in ether, the filtered solution evaporated, and the residue boiled 
for six hours with a solution of 17°6 grams of sodium hydroxide in 
110 e.c. of aleohol. The alcohol having been removed, the residue 
was dissolved in water and acidified, when a dark-coloured oil 
was precipitated. The mixture was boiled with two successive 
doses of zinc dust and hydrochloric acid, when the oil became 
lighter in colour and, on cooling, solidified, whilst the aqueous 
liquid was filled with white crystals. ‘The solid was purified by 
treatment with lead acetate and hydrogen sulphide as in the case 
of m-hydroxyphenyl mercaptan and there were obtained 2 grams 
of a white, crystalline substance softening at 105° and melting at 
115° (Found: S = 19°8. C, 9H,OS requires S = 18°8 per cent.). 

1 : 1’-Dihydroxy-5 : 5'-dinaphthyl Disulphide, (OH*C, H,)S,.— 
Prepared from the preceding compound by means of alcoholic 
ferric chloride solution, and precipitated by water, the disulphide 
was obtained in white crystals melting at 190—200° (Found: 
S = 19°45. C,)9H,,0.8, requires S = 18°3 per cent.). 

Diphenylbisazo-\-hydroxy-5-naphthyl Mercaptan, 

(C,H, N.°C,)H,(OH)-SH],. 
—Benzidine was diazotised in the usual way and coupled with 
1-hydroxy-5-naphthyl mercaptan (2 mols.) in presence of caustic 
soda (4 mols.). The mixture was left over-night, the dyestuff 
salted out, and dried on porcelain. 

It was used in this condition for dyeing tests.. For analysis, it 
was dissolved in water, precipitated with hydrochloric acid, boiled, 
filtered, washed, and dried (Found: S = 109. C,,H,.0,N,8, 
requires S = 11°47 per cent.). 

The dyestuff is only slightly soluble in sodium sulphide and 
does not give good dyeings on cotton from a sulphide bath. 

2-Hydroxy-7-naphthyl mercaptan, OH-C,,H,*SH, prepared from 
7-amino-2-naphthol (4 grams) in the same way as 1-hydroxy-5- 
naphthyl mercaptan from the corresponding aminonaphthol, was 
obtained as an oil which became solid on keeping and melted at 
60—70° (yield 0°6 gram) (Found: S = 19-4, 17°6. C, H,0S 
requires S = 18°18 per cent.). 

Diphenylbisazo-2-hydroxy-7-naphthyl mercapian, 

[CgH,N,°C,)H;(OH)-SH],, 


range. 
when 
Ditate 
hings 
ns of 
eated 
olved 
Oiled 
de in 
sidue 
d oil 
Ssive 
same 
eous 
l by 
Case 
‘ans 
g at 
). 

lie 
hide 
nd : 


ATTEMPTS TO PREPARE RED SULPHIDE DYES. PART I. 2417 


was prepared in exactly the same way as the corresponding deriv- 
ative of 1l-hydroxy-5-naphthyl mercaptan (Found: S = 10°7. 
(xgH202N,82 requires S = 11°47 per cent.). It is almost insoluble 
in sodium sulphide. 

Diphenylbisazo-2-hydroxy-7-naphthyl Xanthate, 

[C,H N.°C,9H;(OH)S-CS-OEt],. 

—Benzidine was diazotised and coupled in the usual way with 
|-hydroxy-5-naphthyl xanthate (2 mols.) in presence of sodium 
hydroxide. The hydroxy-xanthate was finely powdered and 
rubbed with cold sodium hydroxide solution. Warming was 
avoided, as it was found to make the solution turbid. On coupling, 
a purple precipitate was obtained. More sodium hydroxide (6 mols. 
altogether) was added, the mixture left over-night, and the dyestuff 
salted out. For analysis, it was boiled with dilute hydrochloric 
acid, filtered, washed, and dried (Found: S = 18°3. C,gH,,0,N,S, 
requires S = 17°44 per cent.). 

The substance is soluble in sodium sulphide and dyes dull maroon 
shades on cotton, but the affinity for cotton is not great. 

Experiments on the hydrolysis of this compound for the pre- 
paration of the corresponding mercaptan dyestuff were not very 
successful. 

3-Nitro-4-thiolbenzeneazo-4-hydroxy-2-phenyl Mercaptan, 

NO,°C,H,(SH)-N,°C,H,(OH)-SH. 

—The 2-nitro-4-amino-l-phenyl mercaptan required for the pre- 
paration was obtained crystalline with m. p. 216° (according to the 
literature, 222°). This substance (4°2 grams) was rubbed up with 
7 c.c. of concentrated hydrochloric acid and mixed with 60 c.c. 
of ice-cold water. Sodium nitrite (2 grams, dissolved in a little 
water) was then gradually added. A clear solution not being 
obtained during about half an hour, the mixture was poured into 
a cold solution of 3:2 grams of m-hydroxyphenyl mercaptan in 
125 c.c. of 2 per cent. caustic soda solution, when a dark orange- 
brown solution was formed. After remaining for half an hour, it 
was acidified with hydrochloric acid, and the precipitated dyestuff 
filtered off, washed, and dried (Found: S = 21:2; N = 13°3. 
C,,H,O,N,8 requires S = 20°85; N = 13°68 per cent.). 

The dyestuff is soluble in sodium sulphide and gives fairly good 
brown shades on cotton from a sulphide bath. 

Benzeneazothiolresorcinol, C,H;*N*Cg,H,(OH).°SH.—A portion of 
the sample of thiolresorcinol used in Part I of this investigation 
[analysis agreeing with the formula C,H ,(OH),°S,-9;H] was dis- 
solved in caustic soda and coupled with benzenediazonium chloride. 
The dyestuff was salted out, collected, and acidified with hydro- 
chloric acid (Found: S= 150; calculated from the percentage 

4N 
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of sulphur in sample of thiolresorcinol used, S = 14°47 per cent.) 
It dyes cotton yellowish-brown from a sulphide bath. 

Disulphidodiphenylbisazo-«-naphthol-2-sulphonic Acid, 

S 
SO,H-C,pH,(OH):N,-C,H,—C,H,-No'C, 9H, (OH)‘SO,H. 
—The thiobenzidine used in this and other experiments was pre. 
pared by heating a mixture of 51 grams of benzidine (1 mol.) 
and 3°2 grams of sulphur (4 atoms) at 180—200° for twelve hours, 
The mixture melted and evolved hydrogen sulphide during the 
early stages of heating. The product was powdered and digested 
over-night with dilute hydrochloric acid (8 per cent.). On neutral. 
isation with sodium hydroxide, the filtrate gave a yellow precipitate 
which was boiled several times with water to remove unchanged 
benzidine. The product (3°2 grams) melted at 265—270° with 
decomposition (and therefore was different from the substance 
described in D.R.-P. 38795) (Found: S= 20'l. C,.HyN,S,.. 

requires S = 20:1 per cent.). 

Thiobenzidine (0°492 gram), dissolved in 3 c.c. of concentrated 
hydrochloric acid and a little hot water and diluted to 28 c.c. 
with more water, remained in solution on cooling. The ice-cold 
solution was diazotised with 4 c.c. of N-sodium nitrite, the mixture 
(containing an orange-coloured precipitate) coupled with Schiiffer’s 
salt in soda solution (in excess of 2 mols.), and the dyestuff isolated 
in the usual way (Found: S= 15°2. Cj,H 90,N,S83.,5 requires 
S = 15°7 per cent.). 

The dyestuff is crimson and dyes cotton directly (compare 
D.R.-P. 38795) and also from a sulphide bath. The dyeings are 
faster to alkali than most direct cotton dyes, but are not so good 
as ordinary sulphide dyes, a result to be expected from the presence 
of sulphonic acid groups. 

Dyestuffs were also formed by coupling diazotised thiobenzidine 
with §-naphthol and di-«-naphthol trisulphide, but the products 
were not sufficiently pure for analysis, nor were they satisfactory 
red sulphide dyes. 

Di-«-naphthol Trisulphide, (CygH,°OH),S;—A warm solution of 
a-naphthol in aqueous caustic soda has the property (similar to 
that possessed by resorcinol and B-naphthol) of dissolving sulphur 
and forming a sulphide, which is precipitated by acid. By using 
4 atoms of sulphur for each molecule of «-naphthol, it was 
expected to obtain a polysulphide approximating to the formula 
(Cjp)H,°OH),S,, but its composition agreed closely with the 
formula (C,jH,°OH),S,. It showed a tendency to crystallise 
(Found: S = 25:1. C,9H,,0,8, requires S = 25:1 per cent.). 

Diphenylbisazodi-«-naphthol Trisulphide, [CgH4*N,°Cj9H;(OH)],Ss. 
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cent.) # —Benzidine was diazotised in the usual way and coupled with 
excess of di-«-naphthol trisulphide in caustic soda solution. After 
keeping over-night, the dyestuff was salted out. For analysis, it 
was dissolved in water and precipitated by hydrochloric acid 
(Found: S= 16°7. C,H, O,.N,8, requires S = 16°3 per cent.). 

_pre- @ jt is soluble in caustic soda and in sodium sulphide, but dyes cotton. 

mol.) # only in light clay-coloured shades from a sulphide bath. 

ours, 

| the The substances described in the paper were first prepared in the 

sted @ British Dyes Laboratory at Leeds University and have been again 

tral. prepared and analysed in the chemical laboratory at Dacca Univer- 

tate B sity. Our thanks are due to the British Dyestuffs Corporation, 

aged @ [td., for permission to publish these results. 

with 

ince Dacca UNIVERSITY. TecunotocicaL Institute, U.P., 
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“S § Tae various vapour pressure formule which have been proposed 

om fom time to time have hitherto been tested on substances the 

et. boiling points of which embrace a somewhat limited range of tem- 

od & Petature, and it is obviously of great importance in connexion with 

on the general theory of the continuity of the fluid state of matter 

| that measurements of vapour pressure should be continued as far 

- as possible into the regions of very low and very high temperature. 

ts None of the vapour pressure formule which at present hold the 


feld has an entirely satisfactory theoretical basis, and it is 
undoubtedly true that they are retained principally by virtue of 
their accuracy in expressing experimental data over the com- 
paratively limited ranges of temperature to which they have been 
applied. Evidently, therefore, a more searching test is necessary, 
and it is by examining the applicability of vapour pressure formule 
under extreme conditions of temperature that we may expect to 
see them in their true perspective, to isolate partly compensating 
or superimposed discrepancies, and to determine in how far these 
are to be traced to known inadequacies of theoretical foundation. 
With these objects in mind, we may proceed to consider first of all, 
in the light of the vapour pressure formule of Kirchoff, Hertz, 


and Nernst, the numerical results contained in the experimental 
4n*2 
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part of this paper for the vapour pressure of lead between 920° 
and 1340°, 

The theoretical basis of the formula under immediate con. 
sideration lies in the thermodynamic relationship of Clausius and 


Clapeyron 

r= Bw). . pbbge pice gi aiden gl 
(A is the molecular latent heat of vaporisation, and v and v’ are the 
volumes occupied by 1 gram-molecule each of vapour and liquid, 
respectively, in equilibrium), which may be integrated if certain 
simplifying assumptions are made. For instance, one may assume 
the following : 

(a) That the gas laws, pv = RT’, are applicable to the saturated 
vapour. 

(6) That v’ is negligible in comparison with v, or, alternatively, 
that the expression p(v — x’) = RT is sufficiently exact. 

(c) That the difference between the specific heats of the vapour 
and liquid in equilibrium with one another is invariant with tem- 
perature. It follows directly from the first law of thermodynamics 
and the simplifying assumptions (a) and (b) that da/dt = C, - 
C’, — R (C, and C’, are the molecular heats at constant pressure 
of the vapour and liquid, respectively, in equilibrium), so that the 
present assumption may be expressed in the form 2 = L + KT, 
that is, is a linear function of the temperature. 

The result of employing these three suppositions in the integration 
of equation (i) is to produce a Kirchhoff-Hertz equation : 


Rion, p=J—L/T+Klog.T . . .. . (ii) 


(J being the constant of integration). If, on the other hand, in 
place of assumption (c) we suppose 

(c’) that C, — C’, is a linear function of the temperature, then 2 
will become a quadratic function of the form 2 = ZL, + «7' + 87", 
provided that assumptions (a) and (b) remain true. 

The integration of equation (i) with the help of assumptions 
(a), (6), and (c’) leads to an equation of the Nernst form : 


Rlog. p= J,—L1,/T+alog,7+ 07 . . . (iii) 


which is known to express experimental data fairly accurately 
over considerable ranges of temperature. 

On considering how each of the above assumptions affects the 
applicability of the vapour pressure equations (ii) and (iii) at high 
temperatures, it becomes evident that no appreciable errors will 
arise from (b), provided that the pressures are moderately small, 
let us say, less than one atmosphere. Even for liquids boiling 
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near the ordinary temperature, v is usually of the order of 1000 
times v’, but for liquids boiling at 1000—1500° the ratio must be 
nearer 5000, and still greater at diminished pressures. Obviously, 
therefore, there is no need to consider assumption (b) as a possible 
source of inaccuracy. 

The same is not necessarily true, however, of the assumptions 
(a) and (c), or even of the second approximation (c’). It would be 
of great interest to know what form the vapour pressure equation 
yould assume if one were to combine the thermodynamic equation 
i) with Berthelot’s or Dieterici’s equation of state, but, unfortun- 
ately, the expression so obtained cannot be integrated. On 
general grounds, however, it is obvious that errors due to devi- 
ations of the saturated vapour from the gas laws must become 
more noticeable at high pressures, and it would be reasonable to 
attribute divergences of this character to the inapplicability of the 
gas laws, provided that it could be shown that the errors involved 
in assumptions (c) or (c’) are small. 

It was for this reason that lead was chosen as the subject of the 
present investigation. It was necessary in the first place that 
the liquid used should have an ordinary boiling point of about 
1400—1600°, that is, above, but not too much above, the highest 
temperature that could be reached and measured with the apparatus 
wed. Secondly, it was desired that the liquid should give a 
monatomic vapour. 

The boiling point of lead has been estimated by Greenwood 
(Z. Elektrochem., 1912, 18, 319) as 1525° or 1570°, and by Warten- 
burg as 1630° (ibid., 1913, 19, 484). The vapour density of lead 
has been determined by Wartenberg (Z. anorg. Chem., 1908, 56, 
320), who obtained the normal value. According to the kinetic 
theory, the specific heats of all monatomic gases are invariant 
with temperature, and this conclusion is fully supported as regards 
argon by Pier’s measurements extending to 2350° (Z. Elektrochem., 
1909, 15, 538). For a monatomic gas, then, C, is constant, and 
one of the factors which contribute to the departure from the 
straight-line laws of the relationship between 4 and 7' is therefore 
tliminated. If one could be certain that there was no association 
in the liquid state, C’, would also be constant, and there would 
be no need for the term 87’ in equation (iii). We could then regard 
the Kirchhoff-Hertz equation as expressing the vapour pressure 
to the same degree of accuracy as that to which the gas laws apply 
to the saturated vapour. Such an assumption, however, is un- 
warranted ; but, on the other hand, there is every reason to believe 
that the specific heats of liquid metals vary very little with tem- 
perature, and that the small variations which do occur can 
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accurately be expressed as linear relationships.* Evidently, then, 
it is necessary to employ equation (iii); but in the case of liquid 
metals at least, we may be fairly certain that it is sufficiently 
comprehensive to include all deviations from the simpler relationship 
other than those due to departures from the gas laws. 

The method of testing the equation was as follows. The whole 
experimental range of temperature was divided into two equal 


» ke 


: ] 


portions, 920—1130° and 1130—1340°, and the observations in 
each interval were plotted on squared paper (Figs. 1 and 2). Smooth 
curves were drawn through each set of points, and from one of 
them (Fig. 1) four values were selected by means of which a formula 
of type (iii) could be calculated. The four values were (¢ = 921’, 
p = 0-50 mm.), (t = 963°, p = 1-00 mm.), (¢ = 1075°, p = 5-00 mm.), 


* This is known to be so in the case of mercury, for which Mithaler gives 
the formula C = 0-033266 — 0-0000092 ¢ between 0° and 200° (Wied. Annalen, 
1899, 36, 897). , 
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and (t = 1129°, p = 10-0 mm.), and the formula to which they led 


was 
11160 (iv) 


logy) Pp = 4818 — 7 + 1-750 log,, T — 0-000982 7 . 


(where 7’ = ¢ + 273 and p is reckoned in mm. of mercury). The 
graph of this equation was now plotted on each of the diagrams 
of experimental observations. In the first temperature interval, 
920—-1130°, it was found to fit closely over the experimental curve, 
as, indeed, was to be expected. This agreement is such that the 


Fia. 2. 


t - 


two curves can only just be distinguished separately on the scale 
to which Fig. 1 is drawn. In the second range of temperature, 
however, the theoretical and experimental curves diverge more 
and more as the pressure rises, the difference between them amount- 
ing to 6° or about 4 mm. pressure (Fig. 2) in the neighbourhood of 
1300°. Since the individual temperature measurements are 
believed to be accurate to 1° and the pressure readings to 0-1 mm. 
at this end of the series, there can be no question but that the 
observed discrepancy represents a defect of theory in the sense 


indicated above. 
In order to be certain that this ‘“‘ extrapolation test’ was not 


too sensitive to slight differences in the numerical constants, the 

whole process was repeated, the observations being plotted afresh 

and a new set of four values selected. The results were identical. 
It is a remarkable fact that, although the experimental obsery: 
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ations cannot adequately be represented by a formula of type (iii), 
they can be expressed with great accuracy by Ramsay and Young's 
empirical formula 


en a a ae a ee 


(where 7', and 7 are the absolute boiling points of two liquids 
under the same pressure, and m and n are constants, being small), 
which satisfies an even more exacting extrapolation test than that 
used in connexion with formula (iv). The comparison liquid was 
mercury, and the values of its vapour pressure were taken from the 
table given by Smith and Menzies (J. Amer. Chem. Soc., 1910, 32, 
1447). Two points (¢ = 944°, p=0-76 mm.) and (¢ = 1060°, 

== 4-18 mm.), chosen to include approximately the first quarter 
of the whole experimental interval of temperature, gave the 
equation 

T pv/T He = 3-244 — 0-00038 Tug . ° . ° . (vi) 


by means of which the observations in the remaining three-quarters 
of the range could be expressed with an accuracy at least equal 
to that which the measurements themselves are believed to possess. 
The graph of equation (vi) lies so closely on the curve of smoothed 
experimental results that it is impossible to distinguish them on 
the scale to which the diagrams are constructed. 

Henglein’s formula,* 


log T,=alogT, +6... . . . «© (wii) 
for which a theoretical basis has been claimed (Z. Elektrochem., 


1920, 26, 431), was also examined. Using the lower half of the 
temperature range to obtain the constants, the formula 
log Trp = 0-953 log T ug a. 0-613 . ° ° e (viii) 

was calculated and its graph constructed. The graph fitted well 
over the experimental curve in the temperature interval 930— 
1130°, but in the second interval, 1130—1340°, it diverged more 
and more at the higher temperature, approximating very closely 
to the curve for the Kirchhoff-Hertz-Nernst formula (iv). The 
correspondence does not continue, however, above the experimental 
range; at high temperatures the Henglein curve lies between the 
Kirchhoff-Hertz-Nernst curve and the Ramsay-Young curve, as 
is shown by the following calculations of the boiling point of lead 
under atmospheric pressure : 

* Putting b = log k, this may be written 7, = kT,4=kT,!+*, where h is 


small, since a is always close to unity. If expanded, higher powers of h than 
the first being neglected, this becomes 7’, = kT,(1 + h log, T,), that is, 


T,/T, =k + hk log, T;, 
which shows its relationship with Ramsay and Young’s equation. 
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AT HIGH TEMPERATURE. 


B. p. of lead. 


Extrapolated by the Ramsay-Young formula (vi) ......... 1619°' , — 18° 
Extrapolated by the Henglein formula (viii) — «....-.....++++ 1637° | 16° 
Extrapolated by the Nernst formula (iv) .......0.sseeeeeeeee 1653°; 4 = 


v) Since the Ramsay-Young formula is the only one which fits the 
uids J observations, we may conclude that the error in the calculated 
all), @ value, 1619°, for the boiling point is a good deal less than any of 
that the differences between the three figures tabulated.* 
was It is truly remarkable that the only one of the three formulx 
the @ investigated which accurately expresses the experimental results 
32, § should be the only one with no claim to any theoretical foundation. 
50° | The Ramsay-Young formula does not appear to have been tested 
ae previously on a pair of substances having such widely different 
the @ boiling points as mercury and lead, and since over the intervals 
of temperature within which it has been employed other vapour 
) pressure formule have represented the observations equally well, 
| its extraordinary accuracy and range of application as a two- 
“Ss # constant formula have not been sufficiently emphasised. Obviously, 
ual # the whole matter hinges on the establishment of a general equation 
~_ of state from which, with the aid of Maxwell’s theorem of the iso- 
en therm, a vapour pressure formula can be derived which reduces 


to Ramsay and Young’s formula when the variable p is eliminated 
between equations for two substances. None of the characteristic 
equations hitherto proposed fulfils this condition, although Heng- 
lein’s calculations (loc. cit.) are certainly to be regarded as a first 
step in the required direction. 


ExPERIMENTAL. 
(A)—Purification of Materials. 

Lead.—Kahlbaum’s pure lead was distilled in quantities of 
about 10 grams in a small porcelain retort which, after introduction 
of the metal, was filled with pure nitrogen and then evacuated to 
a pressure of less than 0-05 mm. The heating was performed with 
an ordinary Bunsen burner. Head and tail fractions of about 
2 grams each were rejected, and the middle fraction, which was 


* A rounded value, 1620° + 10°, may perhaps be accepted provisionally. 
Wiirtenburg’s estimate, b. p. 1630° + 20° (loc. cit.), is in good agreement, 
but Greenwood’s values are decidedly too low and do not agree amongst 
themselves (/oc. cit.). However, Johnston (J. /nd. Eng. Chem., 1917, 9, 873) 
calculates b. p. 1640°, and Hildebrand, on the basis of his entropy rule, gives 
a formula (.J. Amer. Chem. Soc., 1918, 40, 45) leading to the value 1615°. 
On the whole, therefore, the measurements herein recorded may be said to 
receive support from other sources. 7 

Again, the observations lead to the value for the latent heat of vaporis- 
ation, A = 47000 cals., to two significant figures, Johnston calculates 
A = 45400, and Hildebrand A = 47500 cals. (loc. cit.). 
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obtained as a button and some small beads of bright mercurial 
lustre, was examined as regards its melting point and density. 

The melting points were taken with a platinum thermometer stan. 
dardised by means of the b. p.’s of water (100°) and sulphur (445°). 
The extreme determinations were 326-0° and 327-8°; specimens 
having m. p. above 326-5° were accepted as satisfactory. Density 
determinations varied from 11-325 to 11-345, but no otherwise satis. 
factory specimens were rejected on account of low density, as this 
may have been due to the inclusion of minute bubbles. Holborn 
and Day quote 326-9° as the m. p. (Ann. Physik, 1900, [iv], 2, 505), 
and Kahlbaum, Roth, and Siedler give 11-3470 as the density of 
metal which had been pressed under 10,000 atmospheres (Z. anory. 
Chem., 1902, 29, 278). 

Mercury.—The mercury employed in the pressure gauge was 
distilled in a vacuum, washed with dilute nitric acid by Hilde. 
brand’s method (J. Amer. Chem. Soc., 1909, 31, 933), and then 
tested in the manner recommended by Hulett and Minchin (Physical 
Rev., 1905, 21, 388). The potential difference between the sample 
and a portion of it which had been distilled twice in air to oxidise 
metallic impurities, if present, could not be read on a galvanometer 
which would have detected 0°000005 volt. 

Nitrogen.—The nitrogen employed was taken from a cylinder 


and purified by passage through three towers of pumice soaked in 
alkaline pyrogallate, two soda-lime tubes, three bulbs containing 
phosphoric oxide, and two additional bulbs, one empty and the 
other filled with cotton wool. These were intended as dust traps, 
but they did not appear to catch any dust and could probably 
have been dispensed with. 


(B)—A pparatus. 

General.—The vapour pressure measurements were made by an 
adaptation of the usual dynamic method, the lead being boiled 
under varying pressures of nitrogen in a tube, the upper portion 
of which served as a reflux condenser. A thermometer immersed 
in the vapour gave the temperature, whilst the pressure was read 
from a manometer attached to the cooler parts of the apparatus. 

Boiling-tubes.—Several kinds of tubes were tried, but porcelain 
and carbon tubes were the only ones which gave consistent results 
and proved satisfactory in other respects. Some of the observ- 
ations tabulated below were made with carbon tubes and others 
with porcelain tubes. The tubes were all about 36 cm. long and 
2 em. in internal diameter. The carbon tubes were turned from 
stout rods of the quality used for are lamps; their life at the high 
temperature employed was rather short, and they were not entirely 
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gas-tight, as was shown by the presence of traces of carbon mon- 
oxide in the nitrogen pumped off; on the other hand, the metal 
polled in them with absolute regularity and the temperature 
readings were thereby much facilitated. 

Furnace.—An attempt to use a platinum resistance furnace was 
abandoned owing to the fact that heat could not be supplied 
quickly enough to maintain rapid ebullition. 

The arrangement finally adopted was a gas-fired furnace con- 
structed of specially shaped and trued silica bricks, which, when 


05), placed together and held in position by iron bands, left a spherical 
"of cavity, 10 cm. in diameter, having three cylindrical openings, 3 em. 
ong. in diameter, one at the bottom and two near the top. Heating 


was performed through the bottom opening by means of a water- 


Was cooled oxy-coal gas or oxy-hydrogen blowpipe. Through one of 
de- the upper openings the tube was inserted to such a depth that the 
—_ boiling metal occupied the centre of the spherical cavity. The 


other opening, which could be partly or wholly covered by a brick, 
served to emit the flame gases. 

In addition to this furnace, a subsidiary furnace was employed 
in order to heat the first 8 cm. of the projecting portion of the 
hoiling-tube. This was a cylindrical electric furnace consisting of 


ler a platinum strip, bedded in burnt magnesium oxide and wound 
= on a porcelain tube, 9 cm. long and 3 cm. in internal diameter, 
ng the whole being packed in asbestos. This furnace slipped easily 
he over the boiling-tube and rested on the lid of the main furnace 
8, during an experiment. 
ly The heat from these furnaces was prevented from reaching the 
upper end of the boiling-tube by surrounding the uppermost 
12 em. with a lead coil carrying cold water. 
Thermometer—Good results were obtained with a platinum 
- resistance thermometer, but a platinum—rhodium thermocouple 
‘d was found to be the most convenient instrument for the purpose. 
a One wire passed through a silica capillary, and the whole could be 
d slipped as far as necessary into the porcelain thermometer tube. 
d The compactness and ease of mechanical adjustment of the thermo- 
couple constituted its chief advantage over the resistance thermo- 
- meter, especially in exploring the tube for variations of temperature. 
. The results tabulated below were all measured with the couple, 


which was standardised from 850° to 1400° by direct comparison 
in a fused sodium chloride bath with the platinum resistance 
thermometer, the fixed points of which were determined with 
reference to the melting points of sodium chloride (800°), copper 
(1083°, in a vacuum), and nickel (1452°). As a further check, the 
melting points of sodium chloride, sodium sulphate (884°), silver 


—— ees 
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(961°), potassium sulphate (1063°), copper, and nickel were deter. 
mined by means of the couple, and were found to be correct to 
within one degree. The cold junctions were kept at 0° in all 
cases. The standardisation was repeated at frequent intervals, 
and, in particular, just before and just after the four final sets 
of readings recorded in section D. 

Manometer.—This consisted of a glass tube, 1 cm. in internal 
diameter, dipping in a mercury cup with a screw adjustment by 
means of which the level could be set with the aid of an ivory 
pointer as in an ordinary barometer. The readings were made 
on a steel scale with a vernier and cursor attached to the same 
carriage, controlled by a milled wheel, a mirror at the back being 
used to eliminate parallax. 

The readings, which, it is believed, were accurate to 0°05 mm., 
were corrected for capillarity, and for the thermal expansion of 
mercury and steel between 0° and the temperature of the instrument. 

Nitrogen Supply.—Increases of pressure were effected by letting 
in nitrogen from a reservoir, consisting of a large test-tube inverted 
over mercury, in which it was stored as required. One section of 
the nitrogen supply tube was of capillary tubing, so that the 
quantity of gas which passed could be roughly regulated by opening 
the stop-cock for a definite length of time. 


Pumps.—Reductions of pressure were effected by means of a 
two-stage Geryk oil pump backed by a water pump. 


(C)—Preliminary Experiments. 


By changing the distance of the thermocouple from the surface 
of the liquid it was found that, for moderate pressure (3 to 30 mm.) 
under the conditions used, there was a space, 6—9 cm. long, within 
which quite concordant readings of the temperature of the con- 
densing vapour could be obtained. Below this region there was 
appreciable superheating; above it, the vapour evidently did not 
reach the thermocouple. The exact position of the region of 
constant temperature was found to depend to some extent on the 
pressure; thus, on reducing the pressure below 3 mm., the region 
moved noticeably higher up the tube, with the result that a thermo- 
couple placed so that it recorded accurate boiling points for higher 
pressures suddenly ceased to give correct boiling points when the 
pressure was diminished below a certain limit. 

A number of such quantitative experiments were made both 
without and with the use of the subsidiary furnace; and they 
showed that its use was necessary, and that it should be kept 
approximately 100° below the observed boiling point, in order 
that the thermocouple in a set position should always be within 
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the zone of true condensation without being subject either to 
splashing or to superheating. Fig. 3 shows typical distributions 
of temperature; and in the middle section are shown the dis- 
tributions, for a pressure of 7 mm. (b. p. 1100°), (a) without the 
subsidiary furnace (dotted curve), (b) with the subsidiary furnace 
at 800° (broken curve), and (c) with this furnace at 1000° (full-line 
curve). The actual readings are omitted from the diagram for 
the sake of clearness, but they were all within 2° of the appropriate 
curve. It will be seen by inspection of the three full-line curves 
on the diagram that the section of the tube between 8 and 14 cm. 
from the liquid surface always attains the temperature of the 
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condensing vapour over the whole range of pressures and tem- 
peratures examined. 

The temperatures recorded in the experiment described below 
were usually taken near the middle of this interval, but occasionally 
near to one end or the other. 

The temperature of the subsidiary furnace was measured optically 
through a small aperture provided for the purpose. 


(D)—Final Experiments. 

Although during the course of the preliminary experiments 
certain sections of the vapour pressure curve were traced fairly 
accurately, the figures recorded below are taken exclusively from 
four experiments in each of which the whole, or almost the whole, 
of the temperature range (920—1340°) was traversed. The details 
of these experiments are as follow : 


2430 INGOLD: THE FORM OF THE VAPOUR PRESSURE CURVE 


(1) Porcelain tube. Readings taken in order of ascending 
pressures. 

(2) Porcelain tube. Readings taken in order of descending 
pressures. 

(3) Carbon tube. Readings taken in order of ascending pressures, 

(4) Carbon tube. Readings taken in order of descending 
pressures. 

In Table I, the first column contains the reference number of 
the experiment, and the second and third columns the observed 
pressures and temperatures. The temperatures calculated by the 
Ramsay-Young formula (vi) to correspond with the observed 
pressures are recorded in the fourth column, whilst the fifth shows 
the differences between the temperatures observed and calculated. 
The sum of the differences for all the fifty-eight observations is 
— 1°, so that the average difference is — 0°016°, or approximately 
zero, as it should be. On the other hand, the average of the 
differences for the first twenty-nine observations is — 0°2° and 
of the second twenty-nine readings is + 0°2°, so that the general 
agreement is evidently capable of being slightly improved by a 
small change in the constants of the formula, although it was not 
thought worth while to attempt any such refinement. 


TABLE [. 


No. p(mm.). ¢(°C.). é¢(ecale.). A. ‘ .). #€°C.). # (calc.). 
0-50 922° 922° : 1129° 1128° 
0-65 932 934 2 2 : 1140 1139 
0-70 940 939 < “f 1150 1151 
0-85 947 949 “{ 1155 1154 
0-85 952 949 }- ¢ } 1165 1166 
0-90 951 953 y . 1179 1178 
0-95 955 957 2 20-6 1188 1190 
965 965 1214 1216 
974 974 1222 1220 
979 979 1226 1223 
985 984 1242 1243 
995 994 1249 1250 
1000 1001 1251 1250 
1010 1010 1255 1251 
1020 1020 1268 1267 
1025 1024 1271 1273 
1026 1027 1280 1280 
1040 1042 1287 1287 
1052 1056 1290 1289 
1059 1057 1301 1301 
1066 1066 1306 1306 
1070 1070 1310 1309 
1080 1080 1316 1317 
1088 1087 1320 1320 
1094 1095 1322 1321 
1098 1098 1330 1329 
1106 1106 1330 1330 
1110 1110 1335 1337 
1117 1117 1338 1338 
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Table II gives the vapour pressure of lead in mm. of mercury 
for every 10° between 920° and 1340°. The first column contains 
the temperature, and the second the pressure, read from the curve 
of smoothed experimental results which is indistinguishable from 
the curve of the Ramsay-Young formula (vi). The third and 
fourth columns contain the pressures calculated by the Henglein 
formula (viii) and the Nernst formula (iv), respectively. 


TABLE II. 


p—Obs., p—Obs., 
and cale. p—Cale. p-—Cale. p-Cale. 
by vi. by viii. by iv. by iv. 
t(°C.). (mm.).  (mm.). .). €(°C.). (mm.). -). (mm.). 
920° 2 . 1140° 11:3 , 11-4 
930 . , 6 1150 12-8 ° 12-8 
940 7 7 “7 1160 14-2 . 14-2 
1170 16-7 j 
1180 18-5 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 . 
1340 
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Table III is appended to show that the incorrect values given 
by Nernst’s and Henglein’s formule are equally appreciable when 


Taste III. 


t (Obs. and calc. t (Cale. 

( P ) by vi.) by viii.) A= i (Cale. by iv.) A’= 
mm./" (Ramsay-Young). (Henglein). — éyiii—tyi. (Nernst). tiy—ty. 
0-76 944° 944° 0 944° 0 
1:20 974 974 0 974 
1-85 1003 1003 0 1003 
2-81 1032 1033 +-1° 1033 
4-18 1060 1061 1061 
6-10 1090 1089 1090 
8-76 1119 1119 i 1119 
12-4 1148 1149 }- 1150 
17-2 1174 1176 +2 1176 

23-6 1202 1206 1205 

32-0 1234 1238 4 1237 

42-8 1263 1269 +6 1268 

56-6 1291 1297 j 1297 

74:1 1319 1327 1325 


2432 MORGAN, DREW, AND BARKER: RESEARCHES ON 
calculated with reference to temperature, the proportional increase 
of which is comparatively small. 
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CCXCIIT.— Researches on Residual Affinity and Co- 
ordination. Part IX. Interaction of Selenium 
Tetrachloride and B-Diketones. 


By Giteert T. Morcan, Harry Ducatp Kerra Drew, and 
THoMAS Viponp BARKER. 


A COMPARATIVE study of the action of the tetrachlorides of selenium 
and tellurium on acetylacetone (T., 1920, 117, 1456) showed that 
the selenium and tellurium derivatives of this diketone differ in 
type from the acetylacetone derivatives hitherto obtained from other 
elements. 

This investigation has since been extended to other 8-diketones, 
and the results obtained in condensations with tellurium tetra- 
chloride have recently been described (this vol., p. 922). The present 
communication deals with selenium derivatives of these ketones. 

In the first paper on this subject (loc. cit.), it was shown that each 
of the two tetrachlorides caused the removal of two hydrogen atoms 
from acetylacetone, giving rise to a bivalent radicle, C;H,0,", 
existing either in tellurium acetylacetone dichloride, C;H,O,:TeCl,, 
or in the dimeric selenium acetylacetone, (C;H,O,:Se)». 

A more comprehensive study of these condensations indicates 
that the organic radicles present in the foregoing compounds are 
not identical but isomeric. In the tellurium series (this vol., p. 922 
the derivatives containing the bivalent radicles in all probability 
form part of a six-membered cyclic system. But further experi- 
ments on the selenium series show that a similar formulation does 
not explain the observed facts (compare T., 1920, 117, 1458). The 
interactions of the two tetrachlorides and the 6-diketones are only 
superficially comparable; more detailed examination has revealed 
characteristic differences. As bearing on these dissimilarities, the 
following significant facts should be noted : 

(1) Tellurium tetrachloride condenses smoothly with the free 
8-diketone, whereas the selenium tetrachloride reaction proceeds 
best with the copper derivative of the diketone. 

(2) In the selenium series, condensation is always accompanied 
by chlorination of a portion of the $-diketone. This reaction is not 
observed in the tellurium series. 
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(3) The tellurium derivatives obtained directly from condensation 
between the tetrachloride and the diketone retain a portion— 
usually two atomic proportions—of the chlorine. The selenium 
derivatives are always free from chlorine. 

This contrast in the behaviour of the tetrachlorides is probably 
connected with the differences in the nature and stability of the 
various chlorides of the two metalloids. Tellurium yields two 
chlorides, TeCl, and TeCl,, but shows no tendency to form Te,Cl,. 
Selenium, on the contrary, gives most readily Se,Cl, and SeCl,. 
The greater tendency for selenium to accumulate in the molecule 
isapparent in the majority of the organic derivatives of this metalloid 
with the 8-diketones. In the tellurium series, the derivatives with 
the diketones contain only one tellurium atom, and when this atom 
is combined with a bivalent organic radicle the hydrogen atoms 
removed in forming the unsaturated complex are taken one from a 
terminal methyl group and one from the enolic group. 

The evidence adduced in the experimental part of this com- 
munication supports the view that in the condensation of selenium 
tetrachloride and a 8-diketone, or its copper derivative, the hydrogen 
atoms removed in forming the bivalent group are both taken from 
the methylene group either directly or indirectly after enolisation 
and formation of copper derivative. If one of these hydrogen atoms 
is replaced by ethyl as in C-ethylacetylacetone (pp. 2440, 2461), 
then a bivalent radicle is not produced and selenium attaches 
itself to univalent radicles. If, on the other hand, the §-diketone 
contains no terminal methyl group, as is the case with dibenzoyl- 
methane (pp. 2441, 2466), selenium derivatives containing bivalent 
organic radicles are nevertheless produced. 


I. Selenium Tetrachloride and Copper 
Acetylacetone. 


The predominant chemical change taking place between selenium 


tetrachloride and copper acetylacetone may be represented in one 
equation although, in all probability, the reaction occurs in stages. 


(a) 28eCl, + 2Cu(C;H,0,). = 
Se,(C'sH,0»). + 2C;H,0,Cl + 2CuCl, + 2HCI. 


The hydrogen chloride set free acts destructively on a portion of 
the dimeric selenium acetylacetone, giving rise to a further pro- 
portion of 3-chloroacetylacetone, an adverse reaction which may 
to some extent be mitigated by using excess of copper acetylacetone ; 
but this addition modifies the principal reaction, so that, together 
with the main product, selenium acetylacetone, there is also formed 
a small proportion of diselenium bisacetylacetone (VII, see below). 
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The investigations described below have been undertaken mainly 
in order to obtain a more conclusive proof of the chemical consti. 
tution of selenium acetylacetone. Corroborative evidence has 
been obtained from a study of the reactions of this selenium com. 
pound with acetylacetone and other 8-diketones, hydriodiec acid, 
hydrogen cyanide, and the thionaphthols. 


Chemical Constitution of Selenium Acetylacetone. 

It has already been shown (loc. cit.) that selenium acetylacetone 
is a dimeric compound, Se,(C;H,O0,)., entirely devoid of enolic 
properties. The problem of its chemical constitution would be 
solved by ascertaining from what part of the acetylacetone molecule 
the two hydrogen atoms are withdrawn in forming the C;H,0,” 
radicle or rather radicles, for obviously the two groups in the fore- 
going molecular formula may be isomeric and not identical. 

Selenium OC-bisacetylacetone and Selenium C-ethyl-OC-bisacetyl- 
acetone.—Selenium acetylacetone and acetylacetone combine to 
form selenium OC-bisacetylacetone, Se(C;H,O0,), (I), a monoenolie 
substance yielding a copper salt, and this additive change can be 
reversed on heating or by the action of hydroxylic solvents. 
C-Ethylacetylacetone under comparable conditions unites with 
selenium acetylacetone, forming a similar monoenolic substance, 
selenium C-ethyl-OC-bisacetylacetone (11), and this additive compound 
is also resolved by heat or hydroxylic solvents into its generators. 

The following formule indicate the monoenolic nature of 
selenium-OC-bisacetylacetone (I) and selenium-C-ethyl-OC-bisacetyl- 
acetone (IT). 

CH;°C(OH)-C-CO-CH, CH,°C(OH):C-CO-CH, 
(I.) Se Se (IL.) 
CH,°CO:CH-CO-CH, CH, CO: -CEt-CO-CH, 


The reversal of the additive change leading to removal of acetyl- 
acetone or C-ethylacetylacetone, respectively, would leave the 
residue ITT, and it is evident from the dimeric condition of selenium 


amy CHs'C9:9-CO-CH, 


acetylacetone that it is formed by the fusion of two of these un- 
saturated residues. The following diagram (IV) represents more 
fully the reversal of the additive change which arises from an 
interaction of two molecules of selenium C-ethyl-OC-bisacetylacetone. 


C;H,O, 7. on 
*Se< 00H (C,H ;)O = Se, (C;H,0.). + 2C 5H,(C.H;)O,. 
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The residual affinity of the two selenium atoms serves to hold the 
two molecules together in an additive complex from which two 
molecules of C-ethylacetylacetone are eliminated, leaving a molecule 
of the dimeric selenium acetylacetone (V). 


CH,-CO-C=C(CH,)-OH 


(2 mols. selenium 
C-ethyl-OC-bis- 


acetylacetone.) 5 | , X av.) 
/  HOC(CH,)=C-CO-CH, \ 
¥ 


( 'H,-CO-CEt -<C(OH )-CH, 1 CH,°C(OH):CEt-CO-CH, 
ott 
_ 
CH,COG 0 


(1 mol. selenium 


acetylacetone + Se———Se (V.) 
2 mols. C-ethyl- | ¥ 
acetylacetone.) O C-CO-CH, 

\ 7 


CH, 


Selenium Acetylacetone and Hydriodic Acid. 


On treatment with hydriodic acid, selenium acetylacetone is 
converted into diselenium bisacetylacetone (VII), an enolic compound 
mentioned above as arising to a small extent in the condensation of 
copper acetylacetone with selenium tetrachloride. This product, 
a well-defined, crystalline, orange substance, is also obtained, partly 
free and partly in the form of its copper derivative (VIII), from 
selenium monochloride and copper acetylacetone in molecular 
proportions, a mode of production which helps to determine its 
constitution (VIL) :— 


(b) — Se,Cl, + Cu(C;H,0,). = CuCl, + Se.(C;H,0,)>. 


Diselenium bisacetylacetone is the analogue of dithiobisacetyl- 
acetone (Angeli and Magnani, Gazzetta, 1894, 24, [i], 342, 445; and 
Vaillant, Compt. rend., 1894, 119, 647), crystallographic examination 
of the selenium compound showing that it is isomorphous with the 
dithio-derivative. Both are enolic, as is demonstrated by the 
formation of characteristic cupric and ferric salts (compare formula 
VIII). The formation of diselenium bisacetylacetone (VII), which 
may be represented as follows, 
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CH,*CO-CH:C-CH, 
*~ 


: CH,-CO-U:C-CH, 


Se ‘OH 


Se,Cl, + Cu —_> {|| oH + CaCl,, 
O 


Se , 
pe 
P CH,°CO-C°C-CH, 
CH,°CO-CH:C-CH, 
affords confirmatory evidence of the structure assigned to selenium 
acetylacetone (VI), inasmuch as the latter substance yields diselenium 
bisacetylacetone (VII) on treatment with hydriodic acid. 


Hs 
C 


—— Tr CH,-CO-C:C(CH,)-OH 
Se——Se —> Ne=Ne +1, 
HI+O C-CO-CH; HO-C(CH,):C-CO-CH, 
NoZ Va 
(VL) CH, v 
CH,*CO-C:C(CH;)-O 
(VIII.) Se, 
CH,°CO-C:C(CH,)-O 
The foregoing reaction goes quantitatively to completion, and 
the liberated iodine can be estimated volumetrically. 


pr 


Selenium Acetylacetone and Hydrogen Cyanide. 

With hydrogen cyanide, the reaction is one of addition and depoly- 
merisation. The product, cyano-3-selenium acetylacetone (IX), 
exists in the monomeric form, the unsaturated cyanogen groups 
monopolising the residual affinity of the selenium atoms. 

CH, H, 
oo ae 
CH,°CO-C 0 + HCN CH,CO-C OH 
Se—-Se —_s CN‘Se Se-CN (IX.) 
HCN + O C-CO-CH, HO C-CO-CH, 
CH CH, 


(2 molecules) 


¢ 
Cc 


Selenium Acetylacetone and the Thionaphthols. 


The interactions of selenium acetylacetone and the aryl thiols 
occupy an intermediate position between the reactions with hydriodic 
and hydrocyanic acids. This process has been worked out most 
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fally with thio--naphthol, where the change occurs partly as a 
simple addition (a) accompanied by depolymerisation, giving 
,naphthylthioselenium acetylacetone (X), and partly in the direction 
of forming diselenium bisacetylacetone and ««-dinaphthyl disul- 


phide (0). 
CHs CH; 
C 


yy, A 
cHycoe ‘D+ HCH, cuycof bE (X.) 
Se=—Se —- SeS-C,)H,« 
HSC,pH,z +0  CCO-CH, wCygH7"SSe 
‘ue HO C-CO-CH, 
\cZ 
bo, 


(2 molecules) 


SSioH jx 
S°C,)H,« 


C-CO-CH, 
\ 4 


G 
CH, 


The characteristic reactions of selenium acetylacetone (VII, IX, 
and X) are capable of wide extension, and already they have been 
utilised in the synthesis of selenodithionic acid and its salts (T., 
1920, 117, 1461; 1921, 119, 1066) and in the production of aryl- 
aminoacetylacetones (T., 1921, 119, 613). 

In the foregoing proofs of the constitution of selenium acetyl- 
acetone, the two selenium atoms in dimeric selenium acetylacetone 
are represented as forming part of two five-membered cyclic systems, 
in which each selenium is attached to the median carbon atom 
of the diketone and to the enolic oxygen, this formulation explaining 
in a simple and general way the reactions of selenium acetylacetone 
with hydriodic and hydrocyanic acids, the aromatic thiols, and the 
other diketones. 

The following formulations (XI and XII) have also been considered 
and rejected, on the ground that the reaction between selenium 


CH,°CO-C-CO-CH, CH,*CO-C-CO-CH, 
oe n° Se—Se 
i \Z 
CH,°CO-C-CO-CH, CH,-CO-G-CO-CH, 


(XIL.) 
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tetrachloride and diketone goes most smoothly with the copper 
derivative of the latter, in which there is only one mobile hydrogen 
attached to the central carbon atom. In other words, selenium 
acetylacetone is to be regarded as derived from the enolic form of 
the diketone rather than from the diketo-modification. Moreover, 
the great reactivity of selenium acetylacetone suggests that the 
selenium is partly united with oxygen so that the cyclic system 
opens readily at this point of attachment. 

There are, however, two other cyclic formulations (XIIT and XIV) 
arising from enolic acetylacetone to which a reference should be 
made. 


oH 
1 — AAO ZY”, 
CHy-—¢-CO-CH, CH, COC 0 
XII. O—fe Se—=Se XIV.) 
, Se-O l 
i CH.°CO°C O 
CH,:CO:C—C:-CH 3 . 
3 3 i 
CH, 


The former of these, containing two four-membered closed 
chains, might undergo disruption under the influence of hydriodic 
and hydrocyanic acids, the thiols, the §-diketones, and the 
bisulphites on account of the comparative instability of four- 
membered rings. 

Formula XIV is the plane symmetric form of the preferred 
structure (V), which is axially symmetric; it cannot be regarded as 
representing selenium acetylacetone, because on treatment with 
hydrocyanic acid or acetylacetone it could not yield, respectively, 
two molecular proportions of monomeric cyano-3-selenium acetyl- 
acetone or of selenium OC-bisacetylacetone. The quantitative 
formation of these additive products indicates that in selenium 
acetylacetone the two selenium atoms are each situated similarly 
in the molecule. 


Il. Selenium Tetrachloride and Copper 
Benzoylacetone. 
The reaction between selenium tetrachloride and copper benzoyl- 
acetone in molecular proportions takes place in two ways : 
(a) 2SeCl, + 2Cu(C,9H,0,). = 
Se.(Cj9H,O0,). + 2C,gH,O,Cl + 2CuCl, + 2HCI. 
(6) 3SeCl, + 3Cu(C,)>H,O,), = 
Se3(Cj9H,O0.). + 4C,9H,O,Cl + 3CuCl, + 2HCI. 


The dimeric form of seleniwm benzoylacetone (XV) is the product 


(XV! 


7. 


‘1. 


ct 
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of the simpler condensation (a); the more complex change (6) 
ads to cyclotriselenium bisbenzoylacetone (XVIII). Hydriodic 
acid converts each of these substances quantitatively into diselenium 
hisbenzoylacetone (XVI) with the liberation of iodine, and in the 
latter case one-third of the selenium is eliminated. The enolic 
nature of the product is proved by the formation of its copper salt 
(XVII). 

(c) Se,(Cy9H,O,). + 2HI = Se,(CygH,O,), + 1. 

(d) Sez(Cy9H,O,). + 2HI = Se,(CygH,O,), + Se + I. 

The relationships of these selenium derivatives of benzoylacetone 
are summarised in the following diagram illustrating their formation 
and quantitative conversion into diselenium bisbenzoylacetone 
(XVI), and cyano-3-selenium benzoylaceione (XIX) : 


CH, CH; 
. Jr 
r HCO 
(,H,CO-CH OH C.H;COC 8 O 
SeCl, SeCl, —> Se=—Se (XV.) 
HO CH-CO-C,H; O (-CO-C.H 
\of ¥ 2 Nagle seat. 
CH; zk CH, | 
C,H;-CO-C-C(CH;)-OH 0-C(CH;)-C-CO-C,H; 
(XVI.) Se=—Se > u Se, (X VII.) 
HO-C(CH;):C-CO-C,H 0-C(CH;):C-CO-C,H, 
” LZ, 
rr 
Hs P a 
Yr. 
‘Toe : C,H;-CO- 
C,H;-CO-CH OH ols — Se i (XVIIL.) 
SeCl, o> S pate | , 
SeCl,  SeCl, ra 
HO CH-CO-C,H; O CCO-C,H; 
H, CH, | 
HCN 
‘ e 
eg. fr, 
C,H;"CO-C O _ CeH;-CO- OH (XIX.) 
Se=—— e i. CN-Se Se-CN 
O C-CO-C,H; HO C-CO-C,H; 
NoZ ‘Y 
CH, Hy 


2 molecules) 
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Ill. Selenium Tetrachloride and Copper 
C-Ethylacetylacetone. 


In the foregoing condensations with the copper salts of acetyl. 
cetone and benzoylacetone, non-enolic products containing 
bivalent radicles, C;H,0,” and C,gH,O,”, respectively, are obtained 
by the reaction with selenium tetrachloride, thus indicating that 
the two hydrogen atoms have been removed from the central 
enolic group, —C(OH)—CH—. 

It became of interest to ascertain what chemical change would 
occur if an alkyl group was substituted for the hydrogen atom 
attached to carbon. The case of C-ethylacetylacetone was accord- 
ingly investigated, the copper derivative of the diketone being 
employed as in former condensations. ‘Two seleniferous products 
were obtained, the reaction being represented as follows : 


(a) 2SeCl, + 3Cu(C,H,,0,). = 

2Se(C,H,,0,). + 2C,H,,0,Cl + 3CuCl,. 
(b) 4SeCl, + 5Cu(C,H,,0,), = 

2Se,(C,H,,0,), + 6C,H,,0,Cl + 5CuCl,. 


In both these reactions the copper derivative of the diketone 
furnishes only the univalent radicle, C,H,,0,’, thus showing that 
generally in the replacement of $-diketones the replacement of 
hydrogen by selenium occurs only at the central methylene complex 
and not at the terminal methyl groups. 

CH,°CO-CH(C,H;)-CO-CH, CH,°CO-CH(C,H;)*CO-CH, 
SeCl, SeCl, 
CH,*CO-CH(C,H;)*CO-CH, SeCl, 
CH,*CO-CH(C,H;)-CO-CH, 


Y | 


CH;°CO-C(C,H 5)"CO'CH, CH;CO-C(C,H 5)"CO-CH, 
Se Se 


CH,*CO-C(0,H,)CO-CH, ue 


I 
ee) CH,:CO-C(C,H;)CO-CH, 
(XXL) 


As indicated in the foregoing diagram, when one molecular 
proportion of selenium tetrachloride is effective the colourless 
selenium bis-C-ethylacetylacetone (XX) is obtained. When two 
molecular proportions of selenium tetrachloride intervene, yellow 
diselenium bis-C-ethylacetylacetone (X XI) is produced, a compound 
differing from diselenium bisacetylacetone and diselenium bis- 
benzoylacetone in being non-enolic, but resembling these orange- 
coloured derivatives in its degree of complexity. 
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IV. Selenium Tetrachloride and Copper 
Dibenzoylmethane. 


The case of copper dibenzoylmethane has given rise to remarkably 
well-defined, stable selenium derivatives, so that the selenium 
tetrachloride condensation stands in marked contrast to the tellurium 
tetrachloride reaction with dibenzoylmethane, which yielded only 
an unstable hydrolysable product. The following changes were 
observed : 

(a) 2SeCl, + 3Cu(C,;H,,0.). = 

2Se(C,;H,,05)2 + 2C,;H,,0,Cl + 3CuCl,. 
(6) 2SeCl, + 2Cu(C,;H,,0,). = 
Se.(C,;H1902)2 + 2C,;H,,0,Cl + 2CuCl, + 2HCl. 

In the simpler reaction, selenium bisdibenzoylmethane (XXIII) is 

produced as follows : 

C,H,;-CO-CH,:CO-C,H; C,H,;'CO-CH-CO-C,H; 

SeCl, —_> Se ; 

C,H,"CO-CH,°CO-C,H, C,H;*CO-CH-CO-C,H, 
whilst in the more complex condensation, two molecules of selenium 
tetrachloride take part, giving rise to selenium dibenzoylmethane 
(XXV), which, like selenium acetylacetone, exists in-the dimeric 
condition : 


- 
) f \ 
C,H, -CO-CH:C(OH)-C;H, O,H,; cod  ‘o 
SeCl, SeCl, —_> Se==Se 
C,H, "C(OH):CH-CO-C,H, 6 COOH; 
Ld 
don, 


The axially symmetric structure is assigned to selenium dibenzoyl- 
methane because it behaves towards hydrocyanic acid and towards 
hydriodic acid in a manner analogous to that of selenium acety]l- 
acetone (compare p. 2436), forming, respectively, the colourless 
monomeric cyanoselenium dibenzoylmethane (XXIV) and the orange 
dimeric diselenium bisdibenzoylmethane (XXVIII). 

An isomeride of selenium dibenzoylmethane is produced together 
witha small proportion of selenium dibenzoylmethane by theregulated 
heating of selenium bisdibenzoylmethane, two molecules of which 
condense with the elimination of two molecules of dibenzoylmethane. 
To this isomeric substance, isoselenium dibenzoylmethane, is assigned 
the plane symmetric formula (X XVI), since, on further heating or 
under the catalytic influence of hydrogen cyanide or of hydriodic 
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acid, it readily loses an atom of selenium and passes quantitatively to 
an orange compound, selenium dehydrobisdibenzoylmethane (X XVII), 
The latter, formed also in quantitative yield together with selenium 
by melting selenium dibenzoylmethane, is a well-defined and 
remarkably stable compound, which, unlike all the other selenium 
derivatives of this series, is not attacked by excess of hydriodic acid. 
It should be remarked, however, that the formula 
C,H,;"CO-C-CO-C,H; 


(XXII.) Se—Se 


\ AZ 
C,H,;*CO-C-CO-C,H, 

is not entirely excluded as a representation of the structure of isoselen- 
ium dibenzoylmethane, this and the formula XXVI being related 
somewhat in the manner of keto- and enol-forms of the same sub. 
stance. The structure XXII may well represent an intermediate 
phase in the degradation of each of the two isomeric selenium dibenz- 
oylmethanes to selenium and selenium dehydrobisdibenzoylmethane 
by means of heat. 

These selenium compounds of dibenzoylmethane are of especial 
interest on account of their close genetic relationships, an aspect 
which is illustrated in the following diagram : 

aibensoyimethone. 


TAIN VA 
C,H; COCH O C,H; co »* C,H; cod oO 


> ~— : e==Ke 


C,H; CO-CH in Q pan 


~ 
i, BOG} - 
py , oo wy ae |i 


| catalytic { 
(,H,-CO-” agents C,H,-CO-C 0 C-CO-C,H; 


bau, CH; oH; 
(XXVL.) (XXVIL.) (XXVIIL.) 
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EXPERIMENTAL. 


I Preparation of Selenium Acetylacetone 
from Copper Acetylacetone. 


The following method is a convenient variant of the processes 
outlined in earlier communications (T., 1920, 117, 1459; 1921, 
119, 1067). 

Twenty-five grams of powdered copper acetylacetone (1 mol.) 
were added during fifteen minutes to 20°5 grams of selenium tetra- 
chloride (1 mol.) suspended in 120 c.c. of chloroform freed from 
alcohol, the reaction being moderated by cooling in ice and salt. 
Copper chloride was removed, after thirty minutes at the ordinary 
temperature; the chloroform solution was evaporated in a stream 
of air, when the solvent and chloroacetylacetone were removed and 
11'3 grams of pure selenium acetylacetone were left (calculated 
amount = 16°4 grams) (Found: Se = 44°65. Cy, H,,0,Se,_re- 
quires Se = 44°68 per cent.). 

This preparation was varied (selenium tetrachloride 1 mol., 
copper acetylacetone 1} mol.) in order to ascertain whether a cyclo- 
triselenium derivative (pp. 2439, 2467) was formed, but only selenium 
acetylacetone was found on working systematically through the 
product. 

In repeating this preparation, it was noticed that the weight of 
copper chloride was invariably greater than that demanded by 
equation (a). on page 2433. By working in B.P. chloroform (100 c.c.) 
with 21:2 grams of selenium tetrachloride and 25°1 grams of dry 
copper acetylacetone, 17 grams (78 per cent.) of selenium acetyl- 
acetone were obtained and 17:1 grams of precipitated copper 
chloride (calculated, 12°9 grams of CuCl,). The excessive amount 
of this precipitate is due to: (1) hydration of copper chloride in the 
air, (2) red selenium and other ill-defined products, (3) occluded 
chloroform and chloroacetylacetone. 

Selenium acetylacetone was not affected by methyl or ethyl 
iodide, acetone, or acetonitrile. It crystallised unchanged with 
great facility from the last of these reagents. Hydrogen chloride 
in dry ether dissolved selenium acetylacetone, but had no further 
action on the selenium compound; hydrochloric acid led to the 
formation of an unstable additive compound, soluble in ether, 
which decomposed into selenium and chloroacetylacetone. This 
decomposition occurred more rapidly in alcoholic hydrochloric 
acid. Anhydrous ammonia, when sealed up with selenium acetyl- 
acetone, decomposed the latter completely. The identified products 
were selenium, acetamide, and hydrocyanic acid. The presence of 


the last substance recalled the formation of carbylamines by the 
402 


elen- 
lated 
sub. 
diate 
enz- 
hane 


ecial 
pect 
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interaction of aromatic primary amines and selenium acetylacetone 
(T., 1921, 119, 622). 


Description of the Crystalline Forms of Selenium Acetylacetone. 


This substance crystallises in two distinct modifications. Both 
forms are somewhat elongated, six-sided plates, which are not 
suitable for measurement on the goniometer. Under the microscope, 
the first form is seen to have a symmetrical dome-termination of 
88°. Optically, the extinction is straight, and a negative acute 
bisectrix is normal to the plate. The axial angle is wide. The 
system is therefore almost certainly orthorhombic. The second 
form, on the other hand, is probably monoclinic, for the termination 
is unsymmetrical with angles of 56°, 51°, and 73°, the extinction is 
oblique, and a positive acute bisectrix is normal to the plate—which 
must therefore be the face 6(010). On recrystallising from benzene 
at suitable concentration, the second form suffers a transformation 
into the first. 


Diselenium Bisacetylacetone (Formula VII). 


1. Preparation from Selenium Monochloride and Copper Acetyl. 
acetone.—The selenium monochloride used in these experiments 


was prepared by dissolving the calculated amount of selenium in 
selenium. tetrachloride. The monochloride (9°3 grams), dissolved 
in 40 c.c. of chloroform B.P., was added with shaking to 10°7 grams 
of copper acetylacetone in 150 c.c. of the same solvent, the mixture 
being cooled to. 0°.:-The colour of the copper acetylacetone dis- 
appeared before all the selenium chloride was added, and a red 
precipitate (a = 9°5 grams) separated, which was collected after 
one hour. The filtrate after evaporation to remove chloroform left 
a dark yellow, lachrymatory oil (6 = 9°8 grams). 

The product @ on treatment with water was found to consist of 
red selenium, cupric chloride, and a complex double salt of copper 
chloride and the organo-selenium compound which dissociated in a 
mixture of water and chloroform into soluble cupric chloride and a 
copper compound of diselenium bisacetylacetone, the latter dissolv- 
ing readily in the organic solvent to a green solution, from which 
the copper derivative (2 grams) was recovered on evaporation. 
From this copper compound dissolved in chloroform, diselenium 
bisacetylacetone was obtained by shaking with dilute sulphuric 
acid. The chloroform layer gave a yellow oil, which solidified 
partly to orange crystals identical with those obtained by the second 
method of preparation. The oil 6, on extraction with light petroleum, 
yielded a further amount of diselenium bisacetylacetone. The 
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glutinous residue contained more of this substance together with 
glenium acetylacetone and a trace of chloroacetylacetone. 

When the preparation was varied by adding the copper acetyl- 
acetone solution to that of selenium monochloride until the blue 
colour was no longer discharged (21-7 grams of copper salt in 240 c.c. 
of chloroform to 16°5 grams of Se,Cl, in 100 c.c. of CHCl), about 
half the selenium was set free, the remaining products being di- 
glenium bisacetylacetone, a complex organic copper salt, selenium 
aetylacetone, anhydrous cupric chloride, red selenium, and traces 
of chloroacetylacetone. 

2. Preparation from Selenium Acetylacetone and Hydriodic Acid.— 
Powdered selenium acetylacetone (5°5 grams) was added during 
ten minutes to a cooled and shaken mixture of 150 c.c. of ether, 
sec. of decolorised 60 per cent. hydriodic acid, and 100 c.c. of 
water. The ethereal layer was washed with water, the iodine 
removed by 340 c.c. of N/10-sodium thiosulphate (calculated = 
3ll c.c.); the intense orange-yellow ether layer, after filtering from 
red selenium, was evaporated to remove solvent and a small amount 
of acetylacetone, leaving orange crystals of diselenium bisacetyl- 
acetone (3°9 grams). 

3. Preparation from Selenium Tetrachloride and Copper Acetyl- 
acetone.—To 5 grams of selenium tetrachloride (1 mol.), suspended 
in 50 c.c. of dehydrated chloroform B.P. cooled to 0°, were 
added all at once 11°8 grams of dry copper acetylacetone (2 
mols.). After two hours the greenish-black precipitate (a) was 
collected, the brownish-orange filtrate yielding chloroacetylacetone 
and 13 grams of selenium acetylacetone. The precipitate (a), 
which was quite insoluble in chloroform, was decomposed by water’ 
into copper chloride and 3°1 grams of a greenish-yellow powder, now 
readily soluble in cold chloroform. The solution in this solvent, 
when shaken with dilute sulphuric acid to remove combined copper, 
left on evaporation a yellow oil containing chloroacetylacetone. 
Extraction of this oil with light petroleum yielded diselenium 
bisacetylacetone, separating in well-defined, orange crystals 
identical with the other two preparations. 

The products from the three preparations, when crystallised from 
light petroleum, separated in six-sided plates or prisms having a 
bright orange colour and a farinaceous and burnt rubber odour, 
which was nearly lost on drying. In the majority of cases, the 
compound began to soften at 78° and melted at 92—93°, but - 
occasionally purified specimens softened at 58° and melted at 
78—80°. 

The variations in melting point indicate the existence of inter- 
convertible forms. These modifications, having possibly mono- 
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and di-enolic structures, would furnish different copper salts, one 
of which might be the compound soluble in chloroform whereas the 
other is insoluble in this solvent. 

Diselenium bisacetylacetone was readily soluble in the organic 
solvents, but insoluble in cold water. In warm alcoholic solution, 
the compound was decomposed, giving red selenium, acetylacetone, 
and a yellow oil; this change occurred more slowly in the cold, 
Molecular weight cryoscopically in benzene (c = 2°674), found 
M = 339; C=3361; H=401; Se= 4430. Cy 9H,,0,8e, 
requires M = 356; and C = 33°67; H = 3:96; Se = 44°43 per cent. 

The compound differs by only two hydrogen atoms from selenium 
acetylacetone, and this difference is clearly shown in the respective 
analyses (T., 1920, 117, 1460). Of the foregoing preparations the 
hydriodic acid method (No. 2) gives the best yield of diselenium 

bisacetylacetone. 
Fie. 1. Diselenium bisacetylacetone and 
Pe pe dry ammonia in ethereal solution 
gave a yellow precipitate probably 
of ammonium salt very easily de. 
composed by atmospheric moisture; 
5N-sodium hydroxide dissolved the 
compound to a yellow solution from 


which selenium was speedily liber- 
ated. Hydrazine hydrochloride and 
phenylhydrazine eliminated selenium 


in acetic acid and alcoholic solution, 
respectively. Aqueous potassium hydrogen sulphite reacted very 
slowly with this diselenium compound dissolved in ether. After 
three days, the change was incomplete and the products consisted 
of potassium selenodithionate, red selenium, sulphur dioxide, and 
acetylacetone. Ferric chloride gave instantaneously an intense red 
coloration. 

The crystals of diselenium bisacetylacetone prove to be 
isomorphous with the corresponding dithio-compound prepared 
by Angeli and Magnani, and described by Negri (Gazzetta, 1893, 
23, [ii], 445). The system is orthorhombic with a:b:¢= 
0954 : 1 : 1-727, the forms developed being c (001), q (011), 5 (010), 
and r(101), as shown in Fig. 1, with occasional traces of s (012). 
Following are the mean values obtained by the measurement of two 


c(001).  q(011). 6(010). (101). (012). 


0° 0’ 0° 0’ 89° 58’ 0° 0’ 
*59 56 90 0 *61 7 ca. 40° 


Fedoroy complex-symbol, (4d)59(—}); trans. 110/110/001. 
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Cleavage, c perf. and showing pearly lustre. Acute positive 
hisectrix (with medium angle) perpendicular to 6; axial plane c(001). 

Copper diselenium bisacetylacetone (Formula VIII) was prepared 
by shaking a benzene solution of the diselenium compound with 
excess Of aqueous cupric acetate with or without the calculated 
amount of ammonia; the yellow copper derivative, which was 
precipitated quantitatively, was washed with water and benzene. 


cold 
found This copper compound was insoluble in water, petroleum, or acetone, 
0,8e, and only sparingly soluble in benzene or chloroform, thereby 


differing from the copper derivative formed in the first preparation 
p. 2445) the latter being readily soluble in chloroform. Copper 
diselenium bisacetylacetone reddened at 130—135° and decomposed 
with blackening between 150—170°; it dissolved in cold 5N-sodium 
hydroxide to a yellow solution, which changed successively to red 
and black (Found : Se = 38°83, 38°02; Cu = 15°52. C,9H,,0,Se,Cu 
requires Se = 37°89; Cu = 15°21 per cent.). 


Cyano-3-selenium Acetylacetone (Formula IX). 


ab] 

an Powered selenium acetylacetone (3 grams) was added to 10 c.c, 

ure; of freshly distilled hydrogen cyanide diluted with an equal volume 
the @ of dry ether at 0°, the mixture being shaken at intervals for fourteen 


hours. The crystalline deposit was then completely soluble in cold 


‘rom 
ber. @ ether, no unchanged selenium acetylacetone being present. The 
ether and hydrogen cyanide were removed under reduced pressure. 


With pure hydrogen cyanide free from polymerides and phosphoric 
acid, the yield of selenocyanate was quantitative. When crystallised 
fom warm light petroleum (b. p. 40—60°), cyano-3-selenium 
acetylacetone separated in brittle, colourless needles which acquired 


ted | astouter habit as growth proceeded in the cooled solutions; these 
und § crystals softened at 75° and melted at 78—80° to a colourless liquid. 
red | The compound, which had an unpleasant odour resembling that of 


burnt indiarubber, was highly sternutatory and on long exposure 


be § to light and.air it became brownish-pink and emitted a faint odour 
red § of hydrogen cyanide, being ultimately transformed to a brittle, 
93, | red mass [Found: C = 35°71; H = 3°81; N= 7:09; Se = 38:20, 


38:41. In benzene (c = 1-426) by the cryoscopic method, M = 197. 
C,H,O,NSe requires C = 35°26; H = 3-46; N = 6:86; Se = 38°76 
per cent.; M = 204]. 

Cyano-3-selenium acetylacetone dissolved freely in alcohol, 
benzene, or chloroform, more sparingly in ether; almost insoluble 
in cold water, it was decomposed on boiling. With upwards of two 
molecular proportions of aqueous potassium hydrogen sulphite, 
the selenocyanate decomposed smoothly as follows : 


CsH,0,SeCN + 2KHSO, = C,H,O, + HCN + Se(S0,K)o. 
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The selenium was obtained almost wholly as potassium seleno. 
dithionate, only traces of the element being formed. With one 
molecular proportion of the bisulphite, the products were acety). 
acetone, potassium hydrogen sulphate, hydrogen cyanide, and 
selenium. 


Copper Cyano-3-selenium Acetylacetone, 
[CH,°CO-C(SeCN):C(CH;)O-]<Cu. 
The enolic character of the selenocyanate was manifested by its 
red coloration with aquo-alcoholic ferric chloride and by the form. 
ation of a copper derivative on shaking together excess of aqueous 
5 per cent. copper acetate (3 equivalents) and selenocyanate dissolved 
in 25 parts of chloroform or benzene. The light blue copper com- 
pound, almost insoluble in chloroform or benzene, was precipitated 
in the aqueous layer, shaken up again with more copper acetate, 
and then dried to constant weight over calcium chloride (Found: 
Se = 33°06; Cu = 13°79. C,,H,,0,N,Se,Cu requires Se = 33°69; 
Cu = 13°53 per cent.). The copper compound was insoluble in 
water, benzene, acetone, or alcohol; boiling chloroform was slightly 


tinted. It was decomposed by acetic acid or aqueous sodium 
hydroxide. 


Selenium OC-Bisacetylacetone (Formula I). 


Selenium OC-bisacetylacetone, produced by heating under reflux 
one part of selenium acetylacetone with 3 parts of acetylacetone 
and 6 parts of ethyl alcohol, was obtained after spontaneous evapora- 
tion to dryness in a vacuum over quicklime. It was prepared also 
in quantitative yield by refluxing selenium acetylacetone with 3 
parts of acetylacetone and 11 parts of chloroform. The course of 
this additive change was, however, influenced in a remarkable 
degree by traces of impurity, for although it sometimes occurred in 
chloroform purified through the salicylide compound, yet in other 
cases the reaction was incomplete even after prolonged boiling. 
Addition of a small proportion of ethyl alcohol sometimes brought 
this change to completion, but when this procedure failed the reaction 
was facilitated by adding either excess of acetylacetone or a trace 
of solid sodium hydroxide. Non-reactive forms of selenium 
acetylacetone became reactive when crystallised from alcohol or 
benzene. Microscopic examination of the inert and reactive forms 
showed, however, no differences in crystalline form. 

Selenium OC-bisacetylacetone was also obtained in an attempt 
to prepare the isomeric selenium CC-bisacetylacetone by shaking 
together in 45 c.c. of cold dehydrated chloroform B.P. 1:1 grams 
of selenium tetrachloride (1 mol.) and 5:3 grams of dry copper 
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yetylacetone (4 mols.). After two hours, the dark green precipitate 
yas decomposed by water, when cupric chloride dissolved and 1°6 

of unaltered copper acetylacetone containing a little copper 
diloroacetylacetone was recovered. The dark green chloroform 
ltrate, after shaking with dilute sulphuric acid to remove combined 
wpper, left on evaporation a yellow oil which deposited colourless 
yedles of selenium OC-bisacetylacetone, whilst the mother-liquor, 
m the addition of alcohol, yielded selenium acetylacetone. 

In aqueous sodium hydroxide the bisacetylacetone compound 
jissolved to a bright yellow solution which became red, developing 
; nauseating odour and liberating selenium. These changes 
weurred more slowly with sodium hydrogen carbonate. The 
sibstance was acid to moist litmus paper, and in dry ether it reacted 
sowly with metallic sodium, giving a yellowish-white sodium 
derivative. Dry ammonia added to the ethereal solution gave a 
yellow precipitate of an unstable ammonium salt. Ferric chloride 


69; gave an intense red coloration. The substance was decomposed 
’ lM § by warming with alcoholic solutions of pyridine, aniline, or p-nitro- 
htly phenylhydrazine. 

— The reaction of selenium OC-bisacetylacetone with aqueous 
potassium hydrogen sulphite (2 mols.) occurred in two stages, 
half the calculated amount of acetylacetone only being eliminated 
initially. After extracting this product with chloroform, the colour- 

tux Fics solution, on warming with alcohol, yielded potassium selenodi- 

One | thionate and the remainder of the acetylacetone. 

nat Selenium OC-bisacetylacetone dissolved readily in cold ether, 

80 ethyl iodide, chloroform, benzene, or toluene; and when crystallised 

3B from light petroleum it separated at first in fluffy masses of colour- 

of less, prismatic needles having, while moist, a marked farinaceous 
ble odour. These needles, which were not suitable for crystallographic 

m investigation, retained their form when collected, but if left in the 

t J mother-liquor they became completely transformed in two to eight 

“A days into a more compact form, fully described below. Both forms, 


when rapidly heated, melted at 50—54° to a colourless liquid 
becoming cloudy owing probably to separation of selenium acetyl- 
acetone. When heated slowly, these preparations softened at 
42° owing to the beginning of dissociation. The molecular weight 
determined in benzene cryoscopically was 283 (c = 2°68), 288 (¢c = 
375). The analyses gave C = 43:22; H=519; Se = 2814, 
28-19, 28:49, 28°13. C, 9H,,0,Se requires M = 277; andC = 43°28; 
H = 5:09; Se = 28°56 per cent. 

Selenium OC-bisacetylacetone crystallises in enantiomorphous 
forms of the monoclinic system, with a : b: c = 0°8872:1:1:107; 8 = 


110° 55’. The list of forms observed on a right-handed crystal is 
40 
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a (100), c (001), R(101), m (110), m’ (110), and g(011). The habit is 
extremely variable. In some crops, the crystals presented the 
combination of m’ and qg (or m and q’) as shown in Figs. 3 and 2, 
respectively, but minute traces of c and R were always visible with 


Fia. 2. Fia. 3. 


a lens. Another frequent habit is that of Figs. 4—5; in another 
crop, the crystals were greatly elongated along the symmetry axis. 
Individual crystals were not infrequently distorted to such a degree 
that they could only be orientated after a preliminary measurement; 
they could then be uniformly adjusted about the symmetry axis 


Fia. 5. 


LA 


for comparative purposes. Following are the combined results of 
measurement of four crystals, comprising three of the right-handed 
types of Figs. 3 and 5 and one of the left-handed variety of Fig. 4. 
a(100). (001). R(i0l). m(110). (011). 
*69° 5’ *133° 39’ 0° 0’ 69° 3’ 
90 0 90 0 *50 21 44 2 
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In view of the undoubted enantiomorphism, the substance was 
examined for optical activity. The crystals were segregated into 
the opposite modifications by the help of the unambiguous q-faces, 
dissolved separately in benzene, and examined in the polarimeter. 
The concentration of the dissolved dextro-crystals was 4:26 grams 
per 100 c.c. of solution, that of the levo-crystals being 3°64 grams. 
Both solutions were inactive and therefore the enantiomorphism 
of form cannot be referred to any enantiomorphism of molecular 
configuration. The constitution ascribed to this substance is in 
harmony with these experimental results. 

Dissociation of Selenium OC-Bisacetylacetone—In concentrated 
solution in hot alcohol dissociation set in rapidly, the liquid became 
yellow, and selenium acetylacetone separated. With methyl 
alcohol, the same change occurred and acetylacetone was detected 
in the mother-liquors. Selenium bisacetylacetone was also dis- 
sociated on warming with water, acetylacetone escaped with the 
steam, and the residue was pure selenium acetylacetone. The 
dissociation occurred only incompletely in warm acetunitrile, but 
not in chloroform, benzene, or light petroleum. A few drops of 
benzoyl chloride added to an ethereal solution of the bisacetyl- 
acetone induced a complete transformation to selenium acetylacetone. 


xis, CH,°CO-¢-CO-CH, 
gree Copper Selenium OC-Bisacetylacetone, eet Se : 
nt; Cu7\ CH,:CO:CH-CO:CH,/, 


—A chloroform solution of selenium OC-bisacetylacetone was shaken 
with ammoniacal cupric acetate, the sage-green copper derivative 
dissolved in the organic liquid to an intense bluish-green solution, 
from which the product was obtained on evaporation or by pre- 
cipitation with light petroleum (Found: Se = 25°92, 26°38; 
Cu= 10°98, 10°81. C, 9H,,O,Se,Cu requires Se = 25°72; Cu = 
10°32 per cent.). 

In boiling chloroform, the salt underwent slow decomposition, 
and owing to its sparing solubility in pure benzene only very dilute 
solutions were available for the ebullioscopic determination of 
molecular weight: ./ = 683, 571 (c = 1°9); the above formula 
. requires M = 616. 


Selenium C-ethyl-OC-Bisacetylacetone (Formula II). 


C-Ethylacetylacetone was obtained by Combes’s method as an 
oil boiling at 177—180°. To 3°5 grams of this ketone, dissolved in 
10 c.c. of alcohol, was added 1 gram of powdered selenium acetyl- 
acetone, the mixture was heated under reflux for ten minutes, and 
the resulting solution evaporated to dryness in a vacuum over 


sodium hydroxide. The residue, crystallised from light petroleum, 
40*2 
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separated in short, rod-like needles or compact prisms. The freshly 
crystallised substance had a faintly farinaceous odour which 
disappeared on drying; it softened at 65—67°, and liquefaction 
was completed by 77° or 82°. This C-ethylbisacetylacetone was 
readily soluble in organic media but insoluble in water (Found: 
C = 47:19; H= 6-08. C,,H,,0,Se requires C = 47:17; H = 5-94 
per cent.). 

Selenium C-ethyl-OC-bisacetylacetone gave an intense red 
coloration with ferric chloride, differing appreciably from the violet 
coloration with C-ethylacetylacetone itself. The pale blue copper 
salt was soluble in chloroform or benzene to bluish-green solutions. 
Warming with water or alcohol dissociated the compound 
into selenium acetylacetone and C-ethylacetylacetone. Benzoyl 
chloride, added to its ethereal solution, induced the precipitation of 
selenium acetylacetone. 


Interaction of Selenium Acetylacetone with Alkyl and Aryl Thiols. 


1. With Methyl Mercaptan.—A viscid, yellow oil of nauseating 
odour remained on evaporating to dryness the solution obtained 
by leaving 1 gram of selenium acetylacetone in contact with 0°35 
gram of methyl mercaptan in dry ether. The oily product, which 


could not be induced to solidify, developed an intense red coloration 
with aquo-alcoholic ferric chloride, and gave a yellowish-green 
copper salt (0°9 gram) with aqueous cupric acetate. This copper 
salt was very soluble in cold chloroform and crystallised from 
benzene in small, green crystals decomposing at 164—167°. These 
results pointed to the formation of an enolic mixed selenothio-ether, 
CH,°C(OH):C(CO-CH,)-SeS-CH3, as the main product, although the 
reaction was not quantitative. The interaction with other alkyl 
mercaptans is being studied. 

2. With Thio-«-naphthol._—Preliminary experiments having shown 
that with molecular proportions of the reagents a considerable 
proportion of. ««-dinaphthyl disulphide was produced, the inter- 
action was carried out with excess of selenium acetylacetone, 20 
grams of which were added to 15 c.c. of dry ether containing 1'5 
grams of thio-«-naphthol. After one day at the ordinary temper- 
ature, the yellow solution was decanted from undissolved selenium 
acetylacetone (0°35 gram) and slowly evaporated. A crop of 
a-naphthylthioselenium acetylacetone (1°3 grams) separated in large, 
transparent, yellow crystals. A second crop (1°0 gram) consisted 
of a mixture of this compound with diselenium bisacetylacetone and 
aa-dinaphthyl disulphide. The components of this mixture were 
separated by dissolving the product in ether, the ethereal solution 
being shaken with aqueous cupric acetate. .The filtrate (a) from the 
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copper salts (6) was allowed to evaporate; ««-dinaphthyl disulphide 
separated and was purified by solution in alcohol, when pale yellow 
erystals were obtained melting at 89—91° (Schertel, J. pr. Chem.,_ 
1893, [ii], 47, 197, gives m. p. 91°). 

The mixed copper salts (b) were shaken with ether and dilute 
sulphuric acid, the yellow ethereal extract evaporated, and the 
crystalline residue dissolved in light petroleum. On evaporation, 
this solution yielded large, bright orange crystals and smaller, pale 
yellow, prismatic crystals; these substances were separated by 
hand and crystallised separately from petroleum. The orange 
substance yielded the characteristic prisms of diselenium bisacety]- 
acetone (O°l gram). The pale yellow material furnished more 
«naphthylthioselenium acetylacetone, the total yield being 63 per 
cent. of the calculated amount. 

«-Naphthylthioselenium acetylacetone (Formula X) separated from 
ether or light petroleum in bright cowslip-yellow crystals readily 
soluble in organic solvents. It was decidedly enolic, giving a 
greenish-yellow copper salt and a red ferric chloride coloration. 
After preliminary softening, it melted at 81—83° to a transparent, 
yellow liquid (Found: C = 53:28; H=429; S=914; Se= 
2289. C,;H,,0.SSe requires C = 53°36; H=418; S= 950; 
Se = 23°47 per cent.). 

3. With Thio-B-naphihol_—Selenium acetylacetone (0°5 gram) 
dissolved slowly but completely in 7 c.c. of dry ether containing 
06 gram of thio-8-naphthol to an orange-yellow solution, which on 
concentration yielded nodular crystals of 86-dinaphthyl disulphide, 
separating from benzene or light petroleum in pale yellow, silvery 
fakes melting at 139—141° (Cleve, Ber., 1888, 21, 1100, gives 
m. p. 189°; compare Ber., 1896, 29, 1327). The yellow, ethereal 
filtrate from this disulphide contained enolic substances as in the 
foregoing reaction with thio-«-naphthol, with the difference that the 
proportion of disulphide was greater. This and other condensations 
with aromatic thiols are under examination. 
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Il. Selenium Benzoylacetone and cyclo-Tri- 
selenium Bisbenzoylacetone. 


1. Selenium tetrachloride (46 grams) was suspended in 50 c.c. 
of dry ether and added to 6°8 grams of benzoylacetone dissolved in 
60 c.c. of the same solvent. After three hours, a pale red solution 
was obtained which on evaporation in a current of air evolved 
hydrogen chloride and left a greenish-yellow oil. This residue, 
triturated with successive small portions of alcohol, furnished an 
almost white powder (0°7 gram). The filtrates slowly yielded 
further crops of this product (1-4 grams), which on extraction in a 
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Soxhlet apparatus with benzene gave masses of small, pale yellow 
needles of selenium benzoylacetone, decomposing at 200°. The 
benzene mother-liquors contained cyclotriselenium bisbenzoylacetone, 
which was identified more precisely in the following preparation, 

2. To 20°5 grams of selenium tetrachloride (1 mol.), suspended jn 
160 c.c. of anhydrous chloroform B.P., were added with shaking 
during fifteen minutes at the ordinary temperature 41 grams of 
dry copper benzoylacetone (1+ mols.) A rise of temperature wag 
noticed, the selenium tetrachloride disappeared, and after one hour 
the precipitated cupric chloride, containing a red seleniferous tar, 
was removed. The red chloroform filtrate, evaporated at the 
ordinary temperature in a stream of air, left an oily residue, which 
was separated by means of alcohol into a less soluble product (a) 
and more soluble chlorobenzoylacetone (6) contaminated with ill. 
defined seleniferous products. 

The product a was extracted repeatedly with small portions of 
cold chloroform B.P., and the residue, consisting of selenium 
benzoylacetone (2°5 grams), purified by crystallisation from toluene. 

The chloroform filtrates on evaporation yielded orange cyclo. 
triselenium bisbenzoylacetone, which after washing with cold dry 
ethyl acetate consisted of small, orange-yellow crystals (3-1 grams) 
purified by crystallisation from hot anhydrous ethyl acetate or by 
precipitation from chloroform by alcohol or from benzene or toluene 
by light petroleum. 

cycloTriselenium bisbenzoylacetone (formula XVIII), when thus 
separated from selenium benzoylacetone, was obtained in small, 
prismatic, bright yellow crystals often showing rhombic cross 
sections; it was inodorous, insoluble in alcohol, ether, or water, 
but dissolving more freely in cold benzene or chloroform. It 
crystallised best from boiling ethyl acetate, in which it is five 
times as soluble as is selenium benzoylacetone. The solutions of 
this triselenium compound in organic media had a bright yellow 
colour, differing also in this respect from the very pale yellow 
solutions of selenium benzoylacetone. cycloTriselenium bisbenzoy]- 
acetone sintered and darkened at 190—195°, liberating selenium 
and changing to a dark tar at 196—200° [Found: C = 43:29; 
H = 3:14; Se = 42:26; by ebullioscopic method in benzene 
(c = 1°81), M = 582. C,)9H,,0,Se, requires C = 43:04; H = 2°89; 
Se = 42°59 per cent.; M = 558). This triselenium compound 
was decomposed readily by hot concentrated hydrochloric acid; it 
was insoluble in cold 5N-sodium hydroxide, but subsequently 
decomposed by this reagent into acetophenone and selenium; it 
had no enolic properties, giving neither ferric coloration nor copper 
salt. It remained unchanged in cold aqueous potassium hydrogen 
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ulphite. Hydriodic acid reacted with the triselenium compound, 
yielding iodine, red selenium, and diselenium bisbenzoylacetone 
(ee p. 2458). 

The crystals of cyclotriselenium bisbenzoylacetone are too poorly 
developed to yield accurate results, but a fragmentary optical 
examination points to the monoclinic system. No crystallographic 
rsemblance was in any case to be expected with the chemically 
malogous trithiobis-acetylacetone of Angeli and Magnani (Gazzetta, 
1894, 24, [i], 342), which Negri found to be orthorhombic—in view 
of the highly sensitive relation of crystalline form to change of 


3 tar, 
- the chemical composition. 
vhich Selenium benzoylacetone (formula XV) separated from toluene in 


small, pale primrose-yellow, six-sided plates having, when freshly 
crystallised, a faint odour of elderberries. It was insoluble in water, 
ether, or alcohol, dissolved only sparingly in boiling chloroform, 
benzene, or ethyl acetate, and was rather more soluble in toluene or 
glacial acetic acid [Found: C = 49°94; H = 3°61; Se = 32°67; 
M, by ebullioscopic method in toluene (c = 0°719, k = 33:8), = 
456,422. - (C1>H,O,Se), requires C = 50°16; H = 3°37; Se = 33:09 


rclo- 

dry § per cent. ; M = 478}. 

ms) Selenium benzoylacetone exists in two closely related varieties, 
‘by ff one becoming discoloured at 175° and decomposing to a reddish- 


brown tar at 200°, the other not changing in colour below 207°, but 
melting rather sharply at 210—212°. Selenium benzoylacetone 


hus § was also obtained from silver benzoylacetone with selenium tetra- 
all, § chloride in chloroform solution, and in this preparation the formation 
oss J of cyclotriselenium bisbenzoylacetone was not noticed. Selenium 
ter, | benzoylacetone had no enolic properties, was insoluble in caustic 

It § alkalis, and inactive towards ferric and cupric compounds. When 


left in contact with cold 5N-sodium hydroxide, it was decomposed, 
yielding acetophenone and red selenium, but it remained unchanged 
for several hours in cold aqueous potassium metabisulphite. Aniline 
and phenylhydrazine decomposed the substance with elimination 
of selenium. ; 

Selenium benzoylacetone crystallises in elongated, six-sided 
plates with a dome termination of 64°. The extinction is straight 
and a positive bisectrix emerges normal to the plate: whether 
acute or obtuse could not be determined with certainty. In any 
case, the optic axial plane contains the morphological direction of 
elongation. 


Cyano-3-selenium Benzoylacetone (Formula XIX). 


When added to 8 c.c. of anhydrous hydrogen cyanide in 10 c.c. 
of dry ether, 2°42 grams of selenium benzoylacetone dissolved in 
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two hours at the ordinary temperature. The solution, evaporated 
under reduced pressure, left a glue—probably an unstable cyano. 
hydrin—which then slowly evolved hydrogen cyanide and solidified 
to a mass of colourless, brittle crystals having an odour of bumt 
rubber (yield quantitative). When recrystallised from light 
petroleum (b. p. 40—100°), it separated in transparent needles 
softening at 68°, melting at 70° to a colourless liquid which reddened 
at 110° [Found: Se = 29°05; N = 5°33; WM, cryoscopically in 
benzene (c = 0°901), = 250. C,,H,O,NSe requires Se = 29°74. 
N = 5:26 per cent., and M = 266]. 

Cyano-3-selenium benzoylacetone was also obtained quantitatively 
from cyclotriselenium bisbenzoylacetone (pp. 2439, 2454). The finely 
powdered triselenium compound (0°655 gram) was left at 0° for 
eighteen hours in 3 c.c. of hydrogen cyanide and 3 c.c. of dry ether. 
Red selenium separated and became transformed even at this low 
temperature to the black variety (94 per cent.). The mixture was 
evaporated to dryness, and the residue dissolved in benzene, filtered 
from selenium, and concentrated to obtain the cyano-derivative 
(quantitative yield). The reaction takes place as follows : 


Ses(C4gH,02). + 2HCN = 2CN-Se-C,,H,O, ++ Se. 


The cyano-compound was readily soluble in benzene or chloro. 
form, less soluble in carbon tetrachloride, and crystallised from these 
solvents on adding light petroleum; it dissolved in alcohol, but 
with slow decomposition. With cupric acetate, it at once gave 
the greenish-blue copper salt (m. p. 131°); with ferric chloride in 
aquo-alcoholic chloroform, enolisation set in after a few seconds, 
the liquid assuming an intense red shade. The cyano-compound 
was very sensitive to sunlight, selenium being eliminated. 

3-Chlorobenzoylacetone, CgH;*CO-CCI:C(OH)-CH, (product 4, 
p.. 2454)—The alcoholic mother-liquors from which selenium 
benzoylacetone and _ cyclotriselenium  bisbenzoylacetone had 
separated were allowed to evaporate in air until a lachrymatory 
oil remained, which was freed from selenium by extraction with 
cold light petroleum. This extract was shaken with copper acetate 
in presence of chloroform, added to remove copper benzoylacetone. 

The light green copper chlorobenzoylacetone was collected, dried 
(16 grams), and decomposed by dilute sulphuric acid in presence 
of ether to take up the chlorobenzoylacetone. The ethereal layer 
was rapidly evaporated in a current of air and the residual solid 
quickly spread on porous tile, otherwise the product became liquid 
and was not rendered solid except by repeating the treatment with 
the copper salt. 

Chlorobenzoylacetone was extremely soluble in organic solvents 
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and very difficult to crystallise ; it formed colourless needles melting 
indefinitely at 40—43° (Found :. Cl = 17°65. C,)H,O,Cl requires 
(i= 18°04 per cent.).. This chlorinated 8-diketone had a pungent 
lachrymatory odour and a considerable vapour pressure at the 
ordinary temperature. It was markedly enolic, giving a red, 
ferric coloration and the green copper salt. With p-nitrophenyl- 


dened hydrazine, it yielded a crystalline product. 
lly in 4-Chloro-5(or 3)-phenyl-1-p-nitrophenyl-3(or 5)-methylpyrazole.— 
9:74. Chlorobenzoylacetone (0°8 gram) was heated under reflux in 20 c.c. 


of absolute alcohol for one hour with an equal weight of p-nitro- 


tively @ phenylhydrazine and the solution concentrated to the crystallising 
finely @ point, when 1:1 grams of reddish-orange crystals were obtained. 
° for Successive crystallisation from alcohol and glacial acetic acid 
ther, § removed a red by-product and furnished the pyrazole in pale orange 


needles or elongated plates melting at 156—158° (Found: N = 
13°76; Cl = 11°46. C,,H,,0,N,Cl requires N = 13:40; Cl = 11°31 
per cent.). The homogeneity of the foregoing pyrazole suggests 
that chlorobenzoylacetone enolises only in one direction. 


Preparation of Halogenated 8-Diketones from Copper Derivatives of 
the Diketones. 


Dry copper benzoylacetone was dissolved in chloroform and the 
ice-cold solution treated with dry chlorine until the precipitation 
of cupric chloride was complete. The filtrate, when evaporated, 
yielded an oil which on extraction with ether and treatment with 
ammoniacal copper acetate gave the copper derivative of chloro- 
benzoylacetone, from which the chloro-derivative was liberated by 
dilute mineral acid; crystallised from light petroleum, this specimen 
of chlorobenzoylacetone melted at 42—44° and was identical with 
that from the selenium tetrachloride reaction. 

Copper acetylacetone, when similarly chlorinated, gave a chloro- 
acetylacetone identical with that obtained from selenium tetra- 
chloride and acetylacetone. This method of halogenation through 
the copper derivatives of the {-diketones is in all probability 
capable of considerable extension. 


Diselenium Bisbenzoylacetone (Formula XVI). 


1. Preparation from Selenium Benzoylacetone——One gram of 
powdered selenium benzoylacetone was shaken for ten minutes with 
1 c.c. of 50 per cent. hydriodic acid, 100 c.c. of ether, and 30 grams 
of ice with gradual addition of 40 c.c. of N/10-sodium thiosulphate 
to remove the liberated iodine. The ethereal layer on evaporation 
yielded orange crystals of diselenium bisbenzoylacetone (0°6 gram), 
about 0:2. gram of selenium benzoylacetone being recovered un- 
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changed. Another experiment with 1-7 grams of selenium benzoy). 
acetone gave 0°6 gram of unchanged material and 0°9 gram of 
diselenium bisbenzoylacetone. By using comparatively dilute 
hydriodic acid, very little benzoylacetone was produced. 

2. Preparation from cycloT riselenium Bisbenzoylacetone.—0'5 Gram 
of the triselenium compound, when shaken at 0° with 0°5 c.c. of 


50 per cent. hydriodic acid (decolorised), 50 c.c. of ether, and 10 


grams of ice, gave selenium and iodine simultaneously, the latter 
being removed by WN/10-thiosulphate, added gradually. The 
ethereal layer, filtered from red selenium and a little unchanged 
triselenium compound, yielded 0:2 gram of diselenium bisbenzoyl- 
acetone. The product from either of the foregoing preparations 
closely resembled diselenium bisacetylacetone and crystallised in 
bright orange, six-sided prisms; it was quite insoluble in water 
and nearly so in alcohol, but dissolved 
readily in ether, chloroform, or cold 
benzene and more sparingly in boil- 
ing light petroleum, from which 
solvent it crystallised most readily; 
it softened at 65° and became liquid 
from 80—90° [Found: C = 49°88; 
H = 3°88; Se = 32°84; M, by cryo- 
scopic method in benzene (c= 
1:34), = 448. C,)H,,0,Se, requires 
C = 49°95; H=3:77; Se = 32°96 
per cent.; M = 480]. 

Diselenium bisbenzoylacetone dis- 
solved somewhat sparingly in cold 
5N-sodium hydroxide and rapidly decomposed, with elimin- 
ation of selenium and production of acetophenone. Ethereal 
alcoholic ferric chloride developed a violet-red coloration ; aqueous 
cupric acetate furnished a brownish-yellow copper derivative, 
insoluble in water but dissolving sparingly in chloroform. With 
alcoholic phenylhydrazine, the diselenium compound reacted even 
in the cold; an intermediate salmon-pink compound was formed 
which speedily generated red selenium, especially on warming. 


Diselenium Bisbenzoylacetone and its Isomorphism with Dithiobis- 
benzoylacetone. 


The orange crystals of diselenium bisbenzoylacetone prove to be 
isomorphous with the corresponding dithio-compound (see below). 
The system is orthorhombic with a: 6: c = 0°7341 : 1 : 0°4110, the 
forms developed being 6(010), a(100), 0(111), and r(101), as illustrated 
by Fig. 6. Following are the results of measurement of two crystals. 


i-_ ota 2. oF 
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b (010). a (100). o (111). r (101). 
Dovereccvcceccrccecccoees 0° 0’ 89° 58’ *53° 43’ 90° 32’ 
900 90 0 *34 47 29 14 


Optically the crystals exhibit a strong dichroism when rest- 
ing on b (010), but not on a (100), the transmitted colours being deep 
orange for a-axis vibrations, and lemon-yellow for the b- and c-axes. 
The optic axial plane is c (001), but it was not possible to determine 
the several orientations of the two bisectrices. 

The dithio-analogue, prepared by the method of Vaillant (Bull. 
Soc. chim., 1898, [iii], 19, 833), is only distinguishable from the 
diselenium compound by some form of measurement. The habit 
and forms are those of Fig. 6, the axial ratios being a:b:c¢ = 
0°6929 : 1 : 0°3966. The close similarity of angles will be evident 
from a comparison of the preceding and the following tables. 

b(010). (100). o(11l). 1(101). 


Didcccsscodccesscasececes 0° 0’ 90° 0’ *55° 17’ 90° 18’ 
Pinacccessececcsasssenece 90 0 90 0 *34 51 29 48 


A good cleavage was observed parallel to 6 (010), through which 
emerges a positive acute bisectrix. The optic axial plane is c (001) 
and the angle quite wide. 


0 
CHyC” = \Se—CH< EOC oH, 
HC\ ,, C,H s 

\co7 Vers 


One gram of powdered selenium benzoylacetone, suspended in a 
solution of 3 grams of benzoylacetone in 20 c.c. of chloroform B.P., 
did not dissolve even after heating under reflux for five minutes, 
but on adding a speck of solid sodium hydroxide the selenium 
compound dissolved completely to a transparent, pale yellow solution. 
After warming for ten minutes, the chloroform was evaporated under 
reduced pressure, when the residual oil solidified and was extracted 
with cold light petroleum to remove excess of benzoylacetone. The 
residue (0°5 gram) crystallised from benzene and light petroleum in 
minute, white, inodorous prisms sintering at 100°, melting to a 
transparent liquid at 134—136°, and decomposing at higher 
temperatures [Found : C = 59°72; H = 4°85; WM, by the ebullio- 
scopic method in benzene (c = 1°583), = 437. C9H,,0,Se requires 
C = 59°83; H = 4°52 per cent.; M = 401]. 

Selenium bisbenzoylacetone was only obtained in favourable yield 
when an excess of benzoylacetone was employed; an optimum 
result (0°55 gram) was obtained by adding a trace of sodium hydroxide 
to 0°55 gram of selenium benzoylacetone, 1°5 grams of benzoyl- 
acetone, and 10 c.c. of chloroform B.P. after boiling for three 


Selenium OC-Bisbenzoylacetone, 
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minutes. This bis-compound was insoluble in water or light 
petroleum, sparingly soluble in ether, alcohol, or cold benzene, 
dissolving more readily in the hot solvent or in chloroform. It had 
no acidic properties, was insoluble in cold 5N-sodium hydroxide, 
although decomposing in contact with this reagent. It did not 
yield a copper derivative, and with ferric chloride in alcoholic 
chloroform solution the red coloration only developed slowly, 
On boiling with alcohol or any moist solvent, selenium bisbenzoyl- 
acetone reverted to selenium benzoylacetone and benzoylacetone, 
but the bis-compound crystallised unchanged from its solution in 
- boiling benzene. 

1. Transformation of Selenium Benzoylacetone into Selenium 
Acetylacetone.—Powdered selenium benzoylacetone (1 gram) 
remained undissolved in 8°5 grams of acetylacetone and 10 c.c. of 
pure ethyl alcohol even on refluxing, but the addition of a speck of 
solid sodium hydroxide induced complete solution to a pale yellow 
liquid, from which, after evaporating off the solvent, a yellow glue 
was obtained. Extraction with cold light petroleum removed 
benzoylacetone; the cold alcoholic solution of the residue from the _ 
petroleum extraction deposited pale yellow selenium acetylacetone 
mixed with a smaller proportion of selenium benzoylacetone. 

2. Transformation of Selenium Acetylacetone into Selenium 
Benzoylacetone.—Selenium acetylacetone (1 gram) dissolved in a 
warm solution of 2°5 grams of benzoylacetone and 10 c.c. of chloro- 
form B.P., but only after adding a trace of sodium hydroxide. 
After removing the solvent, the glutinous residue, which contained 
unchanged benzoylacetone and selenium bisacetylacetone, was 
crystallised repeatedly from benzene and light petroleum in order 
to separate selenium bisbenzoylacetone. This intermediate product 
was then converted into selenium benzoylacetone by boiling with 
alcohol. 


Ill. Action of Selenium Tetrachloride on 
C-Hthylacetylacetone and on its Copper 
Derivative. 


Several attempts were made to introduce selenium into the 
molecule of C-ethylacetylacetone by bringing together the tetra- 
chloride and the alkyl $-diketone in ethereal solution, but under 
these conditions the former acted as a chlorinating agent and the 
only recognisable products were selenium and 3-chloro-3-ethyl- 
acetylacetone. 

C-Ethylacetylacetone prepared by the action of ethyl iodide on 
sodium acetylacetone (Combes, Ann. Chim. Phys., 1887, [vi], 12, 
247), obtained as a fragrant, pale yellow oil boiling at 177—180°, 
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was converted into its light blue copper derivative by treatment 
with copper acetate and sufficient ammonia or sodium hydroxide 
to neutralise the liberated acetic acid. This copper salt reacted with 
selenium tetrachloride in the presence of dry chloroform, and. two 
organic selenium derivatives were obtained in accordance with the 
following equations, where R is the univalent radicle of the diketone. 


(1) 3CuR, + 2SeCl, = 3CuCl, + 2RCI + 2SeR,. 
(2) 5CuR, + 4SeCl, = 5CuCl, + 6RCI + 2S8e,R,. 


Employing four molecular proportions of copper C-ethylacetyl- 
acetone to three of selenium tetrachloride, an optimum total yield 
of the two products was obtained by adding rapidly 11°7 grams of 
dry copper C-ethylacetylacetone to 6:2 grams of selenium tetra- 
chloride suspended in 50 c.c. of dehydrated chloroform B.P. at 0°. 
After the mixture had been shaken at the ordinary temperature for 
one hour, the colour changed from intense greenish-black to greenish- 
brown and cupric chloride was precipitated. This chloride, when 
dissolved in water, left a small amount of red powder rapidly 
becoming jet black, which contained both copper and selenium but 
no organic material. 

The golden-yellow syrup left on evaporating the chloroform 
filtrate was dissolved in ethyl alcohol and the solution concentrated 
at the ordinary temperature, when 1°3 grams of selenium bis-C- 
ethylacetylacetone (XX) separated. The mother-liquor, stirred with 
more alcohol and left to evaporate, yielded 0°9 gram of yellow 
diselenium bis-C-cthylacetylacetone (XXI). Subsequent crops (1°8 
grams) consisted of mixtures of these two compounds. This mixture 
was redissolved in alcohol and the solution allowed to crystallise 
very slowly, so that large, prismatic crystals of the two compounds 
were obtained. The separation was in favourable cases effected 
by hand picking. The total yield of separated compounds was 
60 per cent. of the calculated amount, the product consisting of 
equal proportions of the two compounds. 

Selenium bis-C-ethylacetylacetone (formula XX) became the sole 
product on adding 2°2 grams of dry copper C-ethylacetylacetone 
(2 mols.) to 0°77 gram of selenium tetrachloride (1 mol.) in 20 c.c. 
of chloroform B.P. The pale green filtrate from the precipitated 
cupric chloride was shaken with ether and dilute sulphuric acid, and 
the ethereal extract evaporated until 0°6 gram of the compound was 
obtained (yield 50 per cent.). Selenium bis-C-ethylacetylacetone, 
crystallising from alcohol in colourless, transparent, six-sided 
prisms or needles, was sparingly soluble in boiling water, from which 
it separated on cooling. It dissolved sparingly in light petroleum 
and more readily in ether, benzene, or chloroform. The crystals 
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melted at 81—82° to a transparent, colourless liquid which did not 
liberate selenium until about 200° [Found : C = 50°41; H = 68]; 
Se = 23°36; M, by cryoscopic method in benzene (c = 1°95) = 296, 
C,4H20,Se requires C = 50°40; H = 6°65; Se = 23°75 per cent.; 
M = 333]. 

Selenium bis-C-ethylacetylacetone was non-enolic and gave no 
coloration with aquo-alcoholic ferric chloride even on boiling; it 
was insoluble in cold 5N-sodium hydroxide, but slowly decomposed 
in this reagent with reddening, evolving an odour of methyl propyl 
ketone. With warm concentrated hydrochloric acid, the compound 
was decomposed liberating selenium; it did not combine additively 
with bromine in chloroform solution, but was slowly decomposed 
by this halogen. It gave no reaction with aqueous potassium 
hydrogen sulphite, even on warming. 

The constitution of selenium C-ethylacetylacetone is confirmed 
by its quantitative decomposition with 50 per cent. hydriodic acid 
in presence of ether into C-ethylacetylacetone and selenium, the 
iodine set free being titrated : 


(C,H,,0,).Se + 2HI = 2C,H,,0, + Se + I,. 
Diselenium bis-C-ethylacetylacetone (formula XXI), the less 


fusible and less soluble substance obtained by the interaction of 
selenium tetrachloride and copper C-ethylacetylacetone, became the 
sole product when the reagents were taken, respectively, in the 
proportions of 4 to 5 molecules: 7°8 grams of copper derivative 
were added all at once to 4°3 grams of tetrachloride in 40 c.c. of 
dried chloroform B.P. at 0°. After one hour, the filtrate from cupric 
chloride left on concentration an orange-coloured oil which, after 
mixing with alcohol, yielded on further evaporation 1:2 grams of 
the pure substance. 

Diselenium bis-C-ethylacetylacetone crystallised from alcohol in 
lemon-yellow, six-sided needles or prisms; it melted at 117—118°, 
after softening at 116°, to a transparent, yellow liquid which reddened 
and rapidly decomposed at 210°. The compound was sparingly 
soluble in light petroleum, dissolving more freely in ether, benzene, 
or chloroform; it was non-enolic, giving no coloration even on 
warming with aquo-alcoholic ferric chloride, and was insoluble in 
5N-sodium hydroxide, but decomposed when left in this reagent, 
giving selenium and methyl propyl ketone. Decomposition also 
occurred with bromine in chloroform. With potassium hydrogen 
sulphite (2 to 4 molecules), it yielded C-ethylacetylacetone, selenium, 
and probably potassium selenodithionate. When the sulphite was 
in large excess no selenium was set free, the element dissolving 
probably to form potassium selenosulphate. 
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Diselenium bis-C-ethylacetylacetone was decomposed quantita- 
tively by hydriodic acid in presence of ether into C-ethylacety]l- 
acetone and red selenium: 0°300 gram of the substance gave 90 
per cent. of the calculated amount of free iodine as titrated by 
thiosulphate [Found: C = 40°49, 40°94; H = 5:35, 5°50; Se = 
3785; MM, by ecryoscopic method in benzene (c = 1°17), = 366. 
(C,H,,0.Se), requires C = 40°73; H = 5°38; Se = 38°39 per cent. ; 
M = 412}. 


IV. Action of Selenium Tetrachloride on Di- 
benzoylmethane and on its Copper Deriv- 
ative. 

Several attempts were made to introduce selenium into the 
molecule of dibenzoylmethane by the interaction of the tetrachloride 
and this aromatic $-diketone. In molecular proportions, the two 
reagents, employed in presence of dry ether, gave hydrogen chloride, 
red selenium, and chlorodibenzoylmethane, the tetrachloride acting 
mainly as a chlorinating agent. With two molecular proportions 
of dibenzoylmethane, the yield of its chloro-derivative was almost 
quantitative, the amount of unchanged diketone being very small. 
The reaction appeared to take the following course : 


(i) SeCl, + 2Ph-CO-CH,-COPh = 2HCI + C1,Se< a COPhy: 
2 


be CH(COPh), 

(ii) Cl,Se< CH(COPh), —> Se + 2CHCI(COPh),. 

The intermediate compound was very unstable, either decom- 
posing as in equation (ii) or by slow access of moisture yielding a small 
proportion of an amorphous, pink powder which melted at 150— 
160° and no longer contained chlorine. 

Chlorodibenzoylmethane, C,H,*CO-CHCI-CO-C,H;, was prepared 
as in the foregoing experiments and also by the interaction of 
molecular proportions of selenium tetrachloride and copper di- 
benzoylmethane in dry chloroform B.P. (2 parts) : 


SeCly + CaO eee Cop = CuCl, + Se + 2CHCI(COPh), 
The weights of products are in substantial agreement with the 
foregoing equation. 

When this reaction was carried out at 0°, the chlorination process 
was partly replaced by one in which selenium was introduced, and 
a small amount of selenium bisdibenzoylmethane was obtained. 

Chlorodibenzoylmethane crystallised from methyl alcohol in 
colourless needles having a peculiar mixed aromatic lachrymatory 
odour. It had a considerable vapour pressure at the ordinary 
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temperature and melted without decomposition at 87—88° (Found : 
Cl = 13°55. C,;H,,0,Cl requires Cl = 13°71 per cent.). 

Chlorodibenzoylmethane was not markedly enolic, giving neither 
coloration with aquo-alcoholic ferric chloride nor copper derivative 
with ammoniacal copper acetate. It dissolved only slowly and 
sparingly in 5N-sodium hydroxide, hydrolysis occurring on warming 
with production of an odour resembling that of acetophenone. In 
these properties the chloro-derivative resembles bromodibenzoyl- 
methane (m. p. 93°), which is described as being non-enolic (Ber., 
1890, 23, 3377; Annalen, 1899, 308, 247). 


Selenium Bisdibenzoylmethane (Formula XXIII). 


The yellowish-green copper salt of dibenzoylmethane, precipitated 
quantitatively on shaking aqueous copper acetate with an ethereal 
solution of the diketone, was dried at 100° for use in the following 
experiments. 

(i) 3 Mols. of SeCl,:4 mols. of copper salt-—To 2-0 grams of 
selenium tetrachloride, suspended in 20 c.c. of dehydrated chloro- 
form B.P. cooled to 0°, were added quickly 6:2 grams of dry copper 
dibenzoylmethane and 10 c.c. of chloroform. After one and a half 
hours, cupric chloride and a trace of red selenium were removed and 
the filtrate evaporated to a reddish-yellow paste, which was ex- 
tracted with warm alcohol to remove dibenzoylmethane and its 
chloro-derivative. The red crystalline residue was recrystallised 
from ethyl acetate, when pale yellowish-white prisms of selenium 
bisdibenzoylmethane separated. 

(ii) 4 Mols. of SeCly: 5 mols. of copper salt.—Copper dibenzoyl- 
methane (16°7 grams) and 5°7 grams of selenium tetrachloride were 
mixed in 75 c.c. of chloroform at 0° and after three and a half hours 
the filtrate from the precipitated cupric chloride was evaporated to 
remove solvent and the golden-yellow, syrupy residue seeded with 
selenium bisdibenzoylmethane, left over-night, and the mixture of 
crystals and oil washed successively with cold alcohol (a) and ethyl 
acetate (b). The pale yellow, crystalline residue (2°7 grams) con- 
sisted of pure selenium bisdibenzoylmethane. The ethyl acetate 
extract (6) was evaporated, the residual syrup washed successively 
with cold alcohol (a) and ethyl acetate. The insoluble residue, 
consisting of selenium dibenzoylmethane, a bright yellow powder 
(0°4 gram), was now insoluble in boiling ethyl acetate (distinction 
from selenium bisdibenzoylmethane). This product was sub- 
sequently obtained in larger amount and examined more completely 
(p. 2466). The alcoholic extracts (a) from the foregoing separation 
contained a considerable amount of chlorodibenzoylmethane mixed 
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yith dibenzoylmethane : the latter was removed in the form of its 
copper salt. 

Selenium bisdibenzoylmethane crystallised from dry ethyl 
yetate in large, yellowish-white, six-sided prisms softening at 
143° and melting at 150—152° to a transparent, yellow liquid 
(Found : C = 68°46; H = 4:37; Se = 15°02. CygH,.0,Se requires 
(= 68°53; H = 4:22; Se = 15°07 per cent.). 

As proved by optical examination, the pseudo-orthorhombic 
aystals of selenium bisdibenzoylmethane are really monoclinic, but 
the imperfect nature of the reflections (due to curvature) do not 
permit a rigid geometrical proof. The elements, as obtained by a 
mutual adjustment of the poles of a gnomonic projection, are 
a:b:¢ = 1:07:1:0°75, 8 = 914°. The list of forms is a(100), 
n(110), ¢ (001), r (101), and R(101), the relative development being 


that of Fig. 7. Following are the approximate angular values 
obtained from two crystals. 
m(110). (100). (001). 7 (101). R (101). 


90° ca. 90° 90° 90° 
90 1 37 35 


There is an imperfect cleavage parallel to a (100), through which 
an optic axis emerges very obliquely. Another optic axis is visible 
through c (001), so that the axial plane is b. A 35° extinction on 
m (with the vertical edge) is another proof that the system is not 
orthorhombic. 

From dry benzene this selenium derivative crystallised in aggre- 
gates of minute, white needles containing one molecular proportion 
of the solvent (Found: C,H, = 12°48. Cj 9H,.0,Se,C,H, requires 
C,H, = 12°94 per cent.). In spite of the combination with benzene, 
a molecular-weight determination by the ebullioscopic method in 
this solvent (& = 25°7) gave satisfactory results for the solvent- 
free substance: c= 1°755, M = 496; c= 2°537, M = 498. 
Cs9H,.0,Se requires M = 525°5. This solvent of crystallisation is 
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removed at 100°, the needles crumbling into white, skeletal forms 
softening at 143° and melting to a yellow liquid at 150—152°, 
The compound dissolved sparingly in alcohol and more freely in 
benzene or chloroform; insoluble in cold 5N-sodium hydroxide, 
it was decomposed on boiling with elimination of selenium, an odour 
of acetophenone becoming appreciable. This selenium derivative 
was comparatively inert and stable; it was not affected by cold 
potassium hydrogen sulphite and only very slowly on warming; it 
gave no copper salt, and its chloroform solution mixed with aquo- 
alcoholic ferric chloride gave at first no coloration, but in a few 
seconds a red colour developed, the liquid becoming cloudy owing to 
formation of a dark precipitate. 

Selenium bisdibenzoylmethane was decomposed by warm 
concentrated hydrochioric acid, a small proportion of selenium 
separated, and this elimination was completed by the addition of 
sodium sulphite. Dilute hydriodic acid decomposed this selenium 
compound (0°4 gram) quantitatively, giving red selenium, dibenzoyl- 
methane, and free iodine equivalent to 13-7 c.c. of N/10-thiosulphate 
(cale., 15:2 c.c.). 

In connexion with the formation of selenium bisdibenzoylmethane, 
it is of interest to show how dependent the preparation is on the 
proportion of the two reagents. Molecular proportions of selenium 
tetrachloride and copper dibenzoylmethane led to viscid products, 
from which only a small amount of selenium dibenzoylmethane 
could be extracted. The optimum yield (42 per cent.) of selenium 
bisdibenzoylmethane was obtained by using 5°5 grams of selenium 
tetrachloride (2 mols.) and 19°0 grams of copper dibenzoylmethane 
(3 mols.) in 65 c.c. of dry chloroform B.P. at 0°. The filtrate from 
copper chloride, evaporated to a syrupy consistence, was covered 
with alcohol and seeded with crystals of the selenium compound, 
when the solution solidified. The alcoholic ethyl acetate washings 
of the crystalline precipitate contained chlorodibenzoylmethane, 
the reaction having proceeded in accordance with equation a 
(p. 2441). 


Selenium Dibenzoylmethane (Formula XXYV). 


The optimum yield of selenium dibenzoylmethane was obtained as 
follows. To a cooled solution of 9°9 grams of selenium tetrachloride 
in 150 c.c. of chloroform B.P. were added quickly 28°5 grams of 
copper dibenzoylmethane, and the mixture was shaken at intervals 
for two and a half hours at the laboratory temperature. The 
filtrate from copper chloride was evaporated until free from chloro- 
form, the residual syrup stirred, left for twelve hours, and extracted 
repeatedly with cold alcohol, The remaining solid was extracted 
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with cold ethyl acetate (a). The final residue—a primrose-yellow 

wder—contained the whole of the selenium bisdibenzoylmethane 
and selenium dibenzoylmethane isolated in this experiment; the 
two products were separated by making use of the comparative 
insolubility of the latter in boiling ethyl acetate. The yield of the 
bis-compound was 5 grams, that of the selenium dibenzoylmethane 
(m, p. 211°) was 1-4 grams or 10 per cent. calculated on the selenium 
tetrachloride. 

Selenium dibenzoylmethane crystallised from benzene in lustrous, 
pale golden-yellow plates containing 2 molecules of benzene of 
crystallisation (Found: in air-dried specimens heated at 100°, 
C,H, = 20°57. Cy9H90,Se,,2C,H, requires C5H, = 20°58 per cent. 
Found: in benzene-free substance, C = 59°10, 59°79; H = 3°40, 
349; Se = 25°63; M, in boiling benzene, = 583. CygH90,Se, 
requires C = 59°75; H = 3:35; Se = 26-28 per cent.; M = 602). 
Selenium dibenzoylmethane was very sparingly soluble in boiling 
ethyl acetate and moderately soluble in benzene, dissolving readily 
in chloroform; it yielded yellow solutions and when freed from 
benzene was obtained as a pale primrose-yellow powder melting 
sharply at 211° to a deep yellow liquid liberating selenium. The 
substance was not enolic and was insoluble in cold 5N-sodium 
hydroxide, but decomposed on warming. It was stable to 15 per 
cent. hydrochloric acid and dissolved in concentrated sulphuric 
acid to an intensely scarlet solution, the colour disappearing on 
dilution. 

The ethyl acetate filtrate (2, above) was taken to dryness and the 
remaining solid extracted successively with cold alcohol and ethyl 
acetate. The pale orange-yellow residue was cyclotriselenium 
bisdibenzoylmethane, Ses(C,;Hy905)2, Which reddened at 205° and 
melted at 220° with elimination of selenium; it was very sparingly 
soluble in benzene, separating therefrom in minute, bright yellow 
prisms containing no solvent of crystallisation. It was non-enolic 
towards ferric chloride and almost insoluble in chloroform, being 
thus distinguished from selenium dibenzoylmethane. With 
hydriodic acid in presence of ether, the triselenium compound 
yielded red selenium and orange diselenium bisdibenzoylmethane 
(XXVIII) identical with the product of the action of hydriodic acid 
on selenium dibenzoylmethane (p. 2442). 


Diselenium Bisdibenzoylmethane (Formula XXVIII). 


This substance was obtained by the action of aqueous hydriodic 
acid on selenium dibenzoylmethane in the presence of a mixture of 
ether and chloroform. In the absence of organic solvent, or in 
presence of chloroform alone, cold aqueous hydriodic acid had no 
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immediate action on powdered selenium dibenzoylmethane, but 
addition of ether caused instant liberation of iodine with pro. 
duction of diselenium bisdibenzoylmethane. The latter product, which 
remained partly in suspension and partly dissolved in the organic 
solvent, was rapidly separated, after removing free iodine by 
shaking with an excess of aqueous sodium thiosulphate. Pro. 
longed contact with excess of hydriodic acid was found to cause 
complete reduction to red selenium and dibenzoylmethane. The 
crude orange product, which was very sensitive to boiling organic 
solvents, was purified by dissolving it in a little warm benzene and 
precipitating with light petroleum. 

Diselenium bisdibenzoylmethane separated from a mixture of 
benzene and light petroleum in felted masses of slender, orange. 
yellow, prismatic needles, softening onwards from 104° and melting 
at 116—118°. It was readily soluble in chloroform or benzene 
and sparingly soluble in ether or petroleum. It possessed enolic 
properties, forming with cupric acetate an olive-green copper 
derivative soluble in chloroform, and giving a red coloration in a 
few seconds with ferric chloride (Found: C = 59°47; H = 4-06. 
Cy9H..0,Se, requires C = 59°56; H = 3°67 per cent.). 


Cyanoselenium Dibenzoylmethane (Formula XXIV). 


This substance was prepared either from selenium dibenzoyl- 
methane or from selenium bisdibenzoylmethane : 

(a) Powdered selenium dibenzoylmethane (0°8 gram), when left 
in contact with 10 c.c. of anhydrous hydrogen cyanide, dissolved in 
about three hours at laboratory temperature. After evaporation 
of the excess hydrogen cyanide, an oil was left, which soon became 
solid. The homogeneous product, cyanoselenium dibenzoyl- 
methane, was obtained in colourless, prismatic needles by crystallis- 
ation from a mixture of benzene and light petroleum (b. p. 40—60°). 
The addition to the hydrogen cyanide of one-fifth of its volume of 
pure ether entirely inhibits the above reaction, the selenium com- 
pound remaining undissolved. 

(6) Selenium bisdibenzoylmethane was covered with anhydrous 
hydrogen cyanide and left for two days at the temperature of the 
laboratory. The solid dissolved and was replaced by a heavy oil. 
The excess of hydrogen cyanide was removed by evaporation in 
a desiccator, when a solid mixture of dibenzoylmethane and 
eyanoselenium dibenzoylmethane was left. These products were 
separated completely by dissolving the mixture in ether and shaking 
with aqueous cupric acetate. The dibenzoylmethane was precipi- 
tated as its copper derivative, the whole of the cyanoselenium 
dibenzoylmethane remaining in the ethereal layer. This product 
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yas identical with that obtained from selenium dibenzoylmethane. 
The following equation represents the change : 


Se( CH<E Oph), + HON = NCSe(CH<Gopn) + CHe< Gop: 

Cyanoselenium dibenzoylmethane closely resembled the corre- 
sonding derivatives from acetylacetone and benzoylacetone in 
appearance and odour, but differed from them in yielding no copper 
derivative with aqueous cupric acetate, although developing in a 
few minutes a blood-red coloration with ferric chloride. The 
compound softened slightly at 97° and melted at 100—101°; and 
was readily soluble in benzene or chloroform, moderately soluble in 
ether, and nearly insoluble in light petroleum. A cryoscopic 
determination of the molecular weight in benzene (c = 1°57) gave 
¥ = 323 (Found: Se = 23-60; N = 4°66. C,,H,,0,NSe requires 
Se = 24:12; N = 4:27 per cent.; M = 328). 


Transformations of Selenium Bisdibenzoylmethane under the Influence 
of Heat. 


When selenium bisdibenzoylmethane was caused to melt by 
heating in an oil-bath, and the molten substance maintained for 
half an hour at 140—145°, dibenzoylmethane was eliminated and 
an equilibrium represented by the following equation set up : 

) 9 COPE) fel ( COPt) 9 COPh 

fi) 28e( CH< Copp ~~ See C<Scopn), + 2¢H<copn: 

Cooling and examination of the mixture at this stage showed 
that about 50 per cent. of the original quantity of selenium bisdi- 
benzoylmethane had undergone transformation, and that the dimeric 
selenium product represented on the right of the above equation 
consisted of isoselenium dibenzoylmethane together with a small 
proportion of selenium dibenzoylmethane. When, however, the 
temperature of the molten mass was allowed to rise above 150°, a 
further change set in, slowly at 155° and rapidly at 180°, whereby 
half the total amount of selenium present was set free with the 
formation of a new product, selenium dehydrobisdibenzoylmethanc. 
The latter reaction being irreversible, the whole of the selenium 
bisdibenzoylmethane was ultimately transformed in the sense of 
the following equation, the yields of products being quantitative : 


ira OPh) _ COPh) |, ocqy <COPh 
(i) 2Se(CH<COpn), = Se + Se(C<GOph), + 2CHa<Coph: 


The intermediate compounds, isoselenium dibenzoylmethane and 
selenium dibenzoylmethane, when isolated and separately heated 
above their melting points, gave identical products, selenium and 
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selenium dehydrobisdibenzoylmethane, in the proportions demanded 
by the equation : 


(i) Se,(C<Coph), = Se + Se(C<Gopp),- 


(a) In an experiment designed for the examination of the inter. 
mediate products, 3°99 grams of selenium bisdibenzoylmethane 
were heated for half an hour at 135—150° with stirring so that no 
selenium was set free. The yellow, viscous product was at once 
dissolved in chloroform and the liquid shaken with aqueous cupric 
acetate, 0°956 gram of copper dibenzoylmethane being obtained. 
The chloroform layer, on evaporation, left a yellow crystalline powder 
which contained isoselenium dibenzoylmethane and unchanged 
selenium bisdibenzoylmethane. Part of the former product was 
removed by fractional crystallisation from ethyl acetate; the 
mother-liquors were evaporated, the residues again heated, and 
treated as described above. In this manner, total amounts of 
1:59 grams of copper dibenzoylmethane and 0-93 gram of pure iso- 
selenium dibenzoylmethane were accumulated. A proportion of 
unchanged selenium bisdibenzoylmethane was still present in the 
final fractions. . 

In a -further experiment, selenium bisdibenzoylmethane was 
melted and heated at.146° for forty-five minutes. After separation 
of dibenzoylmethane and tsosélenium dibenzoylmethane, the residual 
portion was examined by fractional crystallisation from ethyl 
acetate and benzene, when unchanged selenium bisdibenzoylmethane 
and a very small quantity of selenium dibenzoylmethane were 
isolated. These products were obtained in a state of purity and 
compared with analysed specimens. ~ 

isoSelenium dibenzoylmethane (formula XXVI) separated from 
ethyl acetate in rosettes of pale golden-yellow needles or flakes, 
which melted at 175—176° with elimination of red selenium. The 
mixed melting point with the isomeric selenium dibenzoylmethane 
showed marked depression. 

An ebullioscopic determination of the molecular weight in benzene 
(c = 1344) gave M=576 (Found: C=5961; H = 3:32. 
CypH90,Se, requires C = 59°75; H = 3°35 per cent.; M = 602). 
The compound was rather sparingly soluble in ethyl acetate, less 
soluble in ether, but readily soluble in benzene or chloroform. It 
possessed no acid or enolic properties and did not give a coloration 
with ferric chloride. The behaviour of this compound when 
treated with hydrogen cyanide or with a mixture of aqueous hydr- 
iodic acid and ether was characteristic and quite different from 
that of its isomeride, selenium dibenzoylmethane (p. 2467); one 
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stom of selenium was set free and selenium dehydrobisdibenzoyl- 
methane was produced. These reactions were catalytic, the 
hydrogen cyanide or hydriodic acid remaining unchanged. 

isoSelenium dibenzoylmethane underwent the same _trans- 
formation when heated to melting. 

(6) In the following experiment the quantitative nature of the 
completed change (equation ii, p. 2469) was examined. Selenium 
bisdibenzoylmethane (3°00 grams) was heated from 160° to 185° 
during two and a half hours, no change of weight occurring; and 
the resulting orange glue, which solidified on cooling, was dissolved 
in chloroform and filtered from grey selenium. The chloroform 
filtrate was shaken with an excess of aqueous cupric acetate and the 
precipitated copper dibenzoylmethane collected. The chloroform 
layer, separated and allowed to evaporate, left an orange crystalline 
mass of selenium dehydrobisdibenzoylmethane, which was washed 
with a little cold ethyl acetate, dried, and weighed. 

Weight of selenium 


Weight of free Weight of copper . dehydrobisdi- 
selenium. dibenzoylmethane. benzoylmethane. 


1-251 grams. 1-321 grams. 
1458 ,, 1-494 ,, 

Selenium dehydrobisdibenzoylmethane (formula X XVII) separated 
from ethyl acetate in small, refractive, bright orange crystals, 
melting without decomposition at 190—191°. Ebullioscopic 
determinations of the molecular weight. in Sree gave M = s56 
(= 0941), 449 (c= 1-536) (Found:. @ = 68°77; “H = 4-22 
Se = 14°66. Cag Hy90,Se requires C = a 793~ a= 385; Se= 
1513 per cent.; J = 523). 

The exceedingly small crystals of selenium dehydrobisdibenzoyl- 
methane gave very poor reflections on the goniometer owing to 
face-curvature, and the elements were therefore evaluated 
graphically; although only approximate, they are sufficient to 
characterise the substance. The system is monoclinic with 
a:b:¢c = 2°10:1:149, 8B =99°. The development is_ that 
indicated in plan by Fig. 8 and from a general point of view by 
Fig. 9, the forms being ¢ (001), a (100), x (310), 0 (111), and p(i11). 
Following are the mean results obtained from the largest crystal 
(0°3 mm. diameter) : 

x (310). (100). (001). o(111). pp (ill). 
90° ca. 90° 31° 339° 
90 10° 60 59 

The optic axial plane is 6 (010) and the negative acute bisectrix is 
inclined about 10° to the vertical in the acute angle 8. An optic 
axis is visible through c (001). Dispersion, abnormally strong, 
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p >v. The compound was insoluble in water, moderately soluble 
in ethyl acetate, and readily soluble in ether, benzene, or chloroform, 
It formed intensely yellow solutions in organic media. The mos 
noteworthy characteristic of this substance was its marked inertnesy 
to chemical reagents: it showed no acidic or enolic properties, 
being insoluble in cold 5N-sodium hydroxide and not reacting with 
ferric. chloride or cupric acetate; it was unaffected by boiling 
concentrated hydrochloric acid, alkali bisulphites, ethereal aqueous 
hydriodic acid, or ethereal hydrocyanic acid; and was recovered 
unchanged after heating at 220° with calcium hydride. It was 
readily decomposed, however, by warm 50 per cent. potash with 
liberation of selenium and the production of acetophenone; it 
dissolved in cold concentrated sulphuric acid to a scarlet solution, 
being reprecipitated by the addition of water. The constitution] ™ 


Fig. 8. 
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ascribed to selenium dehydrobisdibenzoylmethane was substantiated 
by reducing the compound with sodium amalgam in moist ethyl }* 
alcoholic suspension. Red selenium was set’ free, the odour of 
acetophenone was generated, and dibenzoylmethane (separated as 
its copper derivative) and benzoic acid were isolated from the 
solution in a pure condition. This result indicated initial reduction 
of the selenium compound to the expected products, dibenzoyl- 
methane and selenium, followed by partial hydrolysis of the former 
in the presence of alkali. 

‘ Selenium dehydrobisdibenzoylmethane was also produced by 
heating selenium dibenzoylmethane or isoselenium dibenzoyl- 
methane. Thus, 0°144 gram of selenium dibenzoylmethane, heated 
from 140° to 215° during ninety minutes, gave 0°019 gram of grey 
selenium and 0°124 gram of selenium dehydrobisdibenzoylmethane 
(calculated, 0°0189 gram and 0°125 gram, respectively); whilst 
0°114 gram of isoselenium dibenzoylmethane, heated to 180° during 
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solubj-@esimilar period, gave 00156 gram of grey selenium and 0°0992 gram 
oform gd selenium dehydrobisdibenzoylmethane (calculated, 0°0150 gram 
> mogand 0°0990 gram, respectively). 

Further methods of preparing selenium dehydrobisdibenzoyl- 
methane consisted in shaking powdered isoselenium dibenzoyl- 
methane with a mixture of ether and aqueous hydriodic acid, the 
roiling transformation being unaccompanied by the liberation of iodine; 
jueousg md in leaving tsoselenium dibenzoylmethane in contact with a 
ered ange excess of anhydrous hydrogen cyanide for two days at the 


rtness 


erties, 
g with 


t wasq laboratory temperature. In these changes, an atom of selenium 
- with§ "9s liberated. 
e; 
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(CXCIV.—The Properties of Ammonium Nitrate. Part 
IV. The Reciprocal Salt-pair, Ammonium Nitrate 
and Sodium Chloride. 


By Epear Purr Perman. 


THE system ammonium nitrate and sodium chloride is best con- 
ated ¢ dered as a special case of the reciprocal salt-pairs, NH,NO,; + 
thyl NaCl — NH,Cl + NaNO,, with the assumption that the reacting 
salts need not be in molecular proportions, 

das} lhe ammonium nitrate is by far the most easily fusible of these 
the § ts, and readily acts as a solvent for the others, thus allowing, 
-. 4 With very simple apparatus, the investigation of problems which 


tion 
oyl- would otherwise require metallic crucibles, furnaces, and pyrometers. 
mer Lhe problem of studying the chemical equilibrium in these salt- 


pairs may be divided into three parts: (1) Making the solutions 
by of fused salts. (2) Cooling the mixture and observing the tem- 
_] perature when crystallisation begins. (3) Finding the nature of 
ted § the crystals separating from the fused mass. 

(1) The solutions were made as described in Part III (Early 
and Lowry, this vol., p. 963), except that for mixtures of high 
ist | Melting point an oil-bath was found necessary in order to avoid 
‘»¢ | decomposition of the ammonium nitrate by local heating. 
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(2) The method of finding the crystallising point is described 
in Part III. An alternative method is worthy of mention, namely, 
that of cooling curves, of which examples are shown in Fig. |, 
A slight arrest is shown at the crystallising point with ammonium 
nitrate and 6 per cent. of ammonium chloride, and a slight arrest, 
followed by a very marked one, with 11 per cent. of chloride, the 
latter being the freezing point of the eutectic mixture. The freezing 
points of such mixtures are always very well defined and can be 
more accurately determined in this way than by observing the 
formation of crystals. 


Fie. 1. 


Cooling curves. 
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(3) The nature of the crystals separating was at first judged 
from what seemed most probable, a break in the melting-point 
curve indicating a change in the solid phase. The gencral diagram 
embodying the whole of the results was of great assistance in this 
matter. That these surmises were correct, has since been proved 
by an independent analytical method to be described in another 
paper. Analyses were made of the salts separating in each of the 
areas shown in the general diagram, and the results in every case 
corresponded with those given, with only a small experimental 
error. It should be noted that ternary mixtures may give curves 
not in accordance with the usual rules for two pure substances, and 
therefore great care must be taken in their interpretation. 
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Binary Systems.—These were investigated first; they are : 

Ammonium nitrate and sodium nitrate, showing a eutectic at 
20-1 per cent. of NaNO,, freezing point 121°. 

Ammonium nitrate and ammonium chloride, showing a eutectic 
at 12-1 per cent. of NH,Cl, freezing point 141°. 

Sodium nitrate and sodium chloride, showing a eutectic at 4-8 per 
cent. of NaCl, freezing point 304°. 

Ammonium chloride and sodium chloride, unknown. 

The first of these is described and illustrated in Part III. 


Fie. 2. 


Ammonium nitrate -+- ammonium chloride. 
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The second system is shown in Fig. 2. The most noteworthy 
point is the steepness of the right-hand branch. There are several 
secondary arrests at the eutectic temperature. 

The third was determined somewhat roughly; it shows; no 
special characteristics. 

The fourth cannot be measured at the ordinary pressure owing 
to the volatilisation and dissociation of the ammonium chloride. 

In addition to these, it will be shown later that ammonium 
chloride and sodium nitrate can exist in equilibrium together 
with liquid and vapour, thus forming a fifth binary system. 

4Pp2 
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Ternary Eutectics—There are two, a primary at 112-4°, the 
lowest freezing point observed in the whole of the experiments, 
and a secondary at. 133°. The former was found by adding 
ammonium chloride to the ammonium nitrate—-sodium nitrate 
eutectic, and was repeatedly observed as a secondary (or tertiary) 
arrest. The latter was near the second depression obtained on 
adding sodium nitrate to the ammonium nitrate-ammonium 
chloride eutectic and was definitely settled by the boundary lines 
of the sodium chloride, sodium nitrate, and ammonium chloride 
areas. 

General Diagram.—It was necessary to put all results together 
on a general plan. A reciprocal salt-pair is really a ternary system, 


Fie. 3. 
Wy, mt 


H,NO,\ NaNO, eEEEN 

I B, r 

but since there are four radicals, the most convenient plan is a 
square, each corner of which represents one of the four salts in the 
system. This was devised independently, but was used by Janecke 
in 1908 (Z. physikal. Chem., 64, 305). The ratios Na/Na + NH, 
(sodium to total base) and Cl/Cl + NO, (chlorine to total acid 
radical) are plotted as abscissae and ordinates respectively. The 
whole system in outline is shown in Fig. 3. B,, B,, Bs, By are the 
binary eutectic points in the order already given. The area actually 
investigated (in the left-hand bottom corner) forms a very small 
portion of the whole, the rest requiring unworkable temperatures. 
To fill in the details as far as possible a number of mixtures of 
ammonium nitrate with sodium nitrate or ammonium chloride 
were made, and sodium chloride was added in increasing pro- 
portions. The melting-point curves of most of these mixtures show 
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three branches. That for ammonium nitrate and sodium chloride 
(really a ternary mixture) may be taken as typical (Fig. 4) and 
shows several points of interest. Starting from the first bend, 
there is a line of secondary arrests running down to the tertiary 
point, 112°. On the extreme right, sodium chloride evidently 
aystallises out first_(it,always came down as a fine powder), but 
it did not appear in the tertiary eutectic; it was concluded, there- 
fore, that it underwent double decomposition with the fused salt, 


Fia. 4. 
Ammonium nitrate +- sodium chloride. 


\ 


Nall 


‘Nace_| 
H+NH,CL 


NH Le 
+ NaNO; 


NH,, NO}stNH,,Cl 


4 8 12 16% NaCl 


the change taking place approximately at 133°. The sodium 
chloride is thus replaced by ammonium chloride. 

The general diagram (Fig. 5) was then constructed by reading 
the concentrations of the various salts, at intervals of every 5°, 
from each melting-point curve, calculating the ratios, Na/Na + NH, 
and Cl/Cl +- NO, for each point, and plotting them on the diagram. 
The points from each curve were then joined up (necessarily forming 
a straight line), and points showing the same temperature were 
joined, forming a system of isothermals or lines of equal melting 
point. The diagram is a projection of the surface of a solid, and 
the surface may be reconstructed mentally, temperatures being 


2478 PERMAN : THE PROPERTIES OF AMMONIUM NITRATE. PARTY. 


measured upwards from a horizontal base. The whole of th 
experimental results are given in an appendix. 
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Discussion of Results——The diagram shows, at once, the equi- 
librium system. There are five binary systems in equilibrium 
(together with liquid and vapour) : Ammonium nitrate and sodium 


0-04 
e ANNO M\ NITRAT B 


S 
5 


: 


as 


tote __\ | 


5 
| 


na 


A 


OS? Ge. Fi 


0-12 


EB pERMAN : THE PROPERTIES OF AMMONIUM NITRATE. PARTIV. 2479 


nitrate, ammonium nitrate and ammonium chloride, sodium 
nitrate and ammonium chloride, sodium nitrate and sodium chloride, 
ammonium chloride and sodium chloride. 

There are two ternary systems in equilibrium (together with 
liquid and vapour): Ammonium nitrate, sodium nitrate, and 
ammonium chloride, and a subsidiary and less stable system, 
sodium nitrate, ammonium chloride, and sodium chloride. 

On cooling a mixture corresponding with a point in any one of 
the areas, except the sodium chloride, the composition of the 
liquid will move towards one of the binary eutectics, then along 
that to the ternary point, 112°; secondary and tertiary arrests 
of temperature illustrating this point were obtained repeatedly. 
If, however, the starting point is in the sodium chloride area, if 
in the shaded portions (Fig. 3), the composition will move first to 
one of the binaries enclosing that region, then to the ternary point, 
T,; it will not remain there, however, but travel towards 7’,, 
where it will finally stop. On the other hand, if the starting point 
is outside the shaded area, it will stop at 7’,, since there will not 
be enough ammonium nitrate to complete the double decom- 
position. Jinecke (Joc. cit.) has classified the equilibrium systems, 
when no isomorphous mixtures or double compounds are formed, 
according to the position of the ternary points in the square. The 
case now described is evidently one of them, namely, 2, b. At 
125°, ammonium nitrate undergoes a transformation from the 4 
to the « form; this will therefore make a fifth area, and a sub- 
sidiary ternary point, 7';. The distinction is not well marked in 
these experiments, only one curve showing it; this is due probably 
to the lag in the transformation. 

From the nature of the melting-point curves and from the general 
diagram, it may be concluded, therefore, that no isomorphous 
mixtures or double salts are formed. 
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3 The following systems of salt-pairs are also under investigation : 
(a) NH,NO, + KCl = NH,Cl + KNO,. 
(b) 2NH,NO, + Na,SO, = (NH,),SO, + 2NaNO,. 

Z (c) 2NH,NO, + K,SO, == (NH,).SO, + 2KNO,. 


System (a) shows one ternary point at 134-5°, and mixed crystals 
of ammonium nitrate and potassium nitrate; (b) shows a ternary 


ae 


ui- 
im 


point at 121°, and mixed crystals of ammonium nitrate and ammon- 
ium sulphate; (c) has at least one ternary point at 157°, and two 
or more sets of isomorphous mixtures. Some systems of reciprocal 
salt-pairs forming isomorphous mixtures have been worked out 
by Jiinecke, and it is proposed to deal with the whole question in 
a later paper. 
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Summary. 


(1) The freezing point of ammonium nitrate is lowered from 
169°: 

(a) to 141° by the addition of ammonium chloride ; 

(b) ,, 121° by the addition of sodium nitrate ; 

(c) ,, 112° by the addition of sodium nitrate and ammonium 
chloride. 

(2) An equilibrium diagram is given for the system 

NH,NO, + NaCl = NaNO, + NH,Cl. 

This exhibits a ternary point at 133° for NaCl, NaNO,, and 
NH,Cl and a ternary eutectic at 112° for NH,NO;, NaNO,, and 
NH,Cl. 

(3) No isomorphous mixtures or double salts are formed. 


Most of this work was carried out at Guy’s Hospital Medical 
School at the suggestion of Professor Lowry, to whom I am greatly 
indebted for kindly advice and criticism, and for facilitating the 
investigation in every way. I wish also to thank Mr. S. Philipson 
and Mr. J. W. Farmery for valuable assistance in the experimental 
work. 

APPENDIX. 


Freezing Points of Binary Mixtures. 
NH,NO, + NaNO,. See Part III (loc. cit.). 
Addition of NH,Cl to NH,NO, (Fig. 2). 


1-9 3-0 4-4 6-0 
161-5° 158-8° 155-2° 


11-0 12-1 12-2 13-0 
| a” eeereryee 143-2° 140-9° 141-2° 146-5° 155-6° 162-9° 
140-7° 141-1° 141-3° 141-4° 141-0° 140-9° 


0:0 2-4 4-8 5-9 9-0% 
312-0° 308-0° 304-0° 332-0° 380-5° 


The freezing point falls to 304°, sodium nitrate separating, then 
rises rapidly, with separation of sodium chloride. 


Freezing Points of Ternary Mixtures. 


(a) Addition of NaCl to NaNO, + 12-1 per cent. NH,Cl. 
0-0 0-06 013 0-88 1:90 2-23 2-80 342% 
o Pt. .o.000. 141-0° 140-4° 141-0° 145-5° 152-5° 155-0° 159-5° 164-5° 
Arrest —_— 140-5° 138-5° 135-5° 134-5° 132-5° —_ 
The freezing point (of ammonium chloride) rises continuously 
and the arrest (separation of ammonium nitrate and ammonium 
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chloride) falls continuously from the eutectic temperature at 


(b) Addition of NaCl to NaNO, + 9-5 per cent. NH,Cl. 
NaCl ....... 0-0 0-84 143 3:09 3-58 454 5-31 7:05% 
‘ F. pt. «+... 148-0° 143-5° 140-5° 140-0° 142-5° 148-0° 153-0° 166-5° 
nium # Arrest ...... — — — 133-0° 132-5° 133-5° — — 


The freezing point (of ammonium nitrate) falls from 148° to 
137° and then rises when ammonium chloride separates instead ; 
the horizontal arrest at 133° is an anomaly which has not been 
explained. 


(c) Addition of NaCl to NH,NO, + 6-92 per cent. NH,Cl. 


NaCl ....... 0-0 2-0 4-0 6-0 7-0 8-0 9-0 10-:0% 
F. pt. ...... 155-4° 142-4° 131-4° 138-0° 144-0° 150-2° 155-7° 163-0 


. and 
. and 


dical 


atly The freezing point (of ammonium nitrate) falls to 130° and then 


rises (separation of ammonium chloride). 


' the 
pson (d@) Addition of NaCl to NH,NO, + 4-09 per cent. NH,Cl. 
ntal EEE ateasaxasgnscuseree 0-0 2-0 4:0 6-0 8-0 10-0 12-0% 
FF. Pb. ccosecccessccocces 164-0° 148-8° 137-5° og 135-8° 144-9° 156-2 
(min. 


The freezing point falls to 129° and then rises as in (c). 
ee Addition of NaCl to NH,NO, (Fig. 4). 


NaCl .... 6°0 70 8°0 100 120 140 145° 15°0 16 
P. pb.....ceeee * 87 9 14s: ve 135°1° 199°7 “7° 123°6° 129°9° 137°1° 143°8° 153°6° 161°7° -172'2° 
. Arrest ...... — —_ ~_ — 187° 1148° 116° — _ 112°0° 
“(° 


(f) Addition of NaCl to NH,NO, + 5-3 per cent. NaNOs. 


NaCl... 20 40 60 80 100 120 125 130 13:5. 140% 
F, pt.... 145-3° 134-6° 123-3° 124-0° 132-5° 140-4° 146-4° 154-5° 160-0° 171-3° 


The freezing point falls to 120°, then rises to 141°, after which 
sodium chloride separates as in (e). 


(g) Addition of NaCl to NH,NO, + 9-5 per cent. NaNOs. 


at ee 2-0 4-0 6-0 80 100 105 11-0 12- 0% 
en 5 ae 135-5° 124-5° 114-7° 124-0° 133-5° 136-5° 142-2° 157-7 
(min.) 


The freezing point falls to 115°, then rises to 137°, after which 
sodium chloride separates as in (e). 


(h) Addition of NaCl to NH,NO, + 13-3 per cent. NaNO . 


aS 0-00 1:13 2-47 4-69 5-00 5-42 6-84 822 9-74 10-20 10-45 11-28% 
3, ae 136-5° 130-0° 123-0° 113-5° 112-5° 115-0° 121-5° 128-0° 134°5° 144-0° 147-0° 164-5° 
TEED sdccicoccens —_ -_ _ — 112-0° 113-5° 113-5° 113-0°  — — 113-0° 113-0° 


The freezing point (of ammonium nitrate) falls to 113°, then 


rises (separation of sodium nitrate, not of ammonium chloride) to 
4 p* 
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35°, after which sodium chloride separates. The arrest points 
are due to the crystallisation of the ternary eutectic. 


(¢) Addition of NaCl to NH,NO, + 17 per cent. NaNOs. 
0-00 2-00 4-07 6-00 8-00 10:00 10-50% 
127-0° 119-3° 118-2° 127-4° 133-8° 158-1° 167-3°° 
The freezing point (of ammonium nitrate) falls to 116°, then 
rises (separation of sodium nitrate) to 140°, after which sodium 
chloride separates. 


(j) Addition of NaCl to NH,NO, +- 20°1 per cent. NaNO, (eutectic). 
0-50 0-99 1-42 1:96 291 3:85 4-76 654 826 9-00 9-50 10-40% 

| 120-7° 119-7 119-7° 121-5° 126-0° 129-2° 133-2° 140-4° — _ 153-0° 164-4° 176-2° 

— 118-3° 118-0° 115-5° 113-7° 1/2-2° 112-0° 111-6° 112° — 112-0° 
The freezing point (of ammonium nitrate) falls slightly to 119-7°, 
then rises (separation of sodium nitrate) to 149°, then sodium 
chloride separates. The arrest (separation of sodium nitrate with 
ammonium nitrate) falls progressively from 119° to the ternary 

eutectic at 112°. 


(&) Addition of NaCl to NH,NO, + 25-1 per cent. NaNO. 
0-0 2-0 4-0 6-0 7:0 7-78% 
132-0° 138-4° 144-9° 151-2° 155-4° 160-2° 
The freezing point (of sodium nitrate) rises progressively. 


(1) Addition of NaNO, to NH,NO,-+ 12-1 per cent. NH,Cl 
(eutectic). 
20 30° 44 61 68 72 78 84 92 120 138% 
| 138-1° 137-0° 135-72 134-0° 133-0° 132-5° 132-7° 133-5° 133-9° 134-5° 134-8°° 
— 135-3° 1332 — 129-4° 1988° — 127-6° 12965° — — 
NaNO, 160 169 200 210 23-6 243 27:0 29-9 35:1% 
F. Ptessecsecee 134-49 134-79 — 134-0° 133-4° 133-5° 140-4° 147-8° 165-4° 
Arrest use — — ue —- —- — — 
The freezing point of the binary eutectic falls from 141° to 132°, 
rises to a shallow maximum at 135° and falls again to 133°; it 
then rises rapidly (separation of sodium chloride). The arrest 


falls progressively from 141° to the ternary eutectic at 112°. 


(m) Addition of NH,Cl to NH,NO, + 20-1 per cent. NaNO, 
(eutectic). 


NH,Cl 0:00 2:00 4:00 5:10 6-75 8-92 10-05 11-98 13-54 15-00% 
F, pt. 121-5° 117-5° 114-2° 112-5° 122-5° 131-5° 134-5° 139-5° 148-5° 159-5° 


(min.) 
Arrest — 112-5° 113-0° 112-5° 113-0° — — — —_ 


The freezing point of the binary eutectic falls from 121° to the 
ternary eutectic at 112-5° (separation of ammonium nitrate), after 
which it rises (separation of ammonium chloride). As this section 
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of the diagram passes through the ternary eutectic, this gives very 
well marked arrests. 


(n) Addition of NaCl to NH,NO, + 1-81 per cent. NH,Cl. 

TREE. eviicccosecciccocs 0-0 8-20 8-85 9-61 10-43 13-04% 
F henkeeeenscnggenes 165-2° = 128-:3° —-131-1°.s-133-1°—-135-7° 145-1° 

Ternary Points —The readings obtained for the ternary eutectics 

were as follow : 

Curve (e) 111-5° 112-0°. 

Curve (h) 112-0° 113-5° 113-5° 113-0° 113-0° 113-0°. 

Curve (j) 112-2° 112-0° 111-6° 112-2° 112-0°. 

Curve (J) 112-2? 112-1°. 

Curve (m) 112-5° 113-0° 112-5° 113-0°. 


The mean of these values is 112-4°. 


UNIVERSITY COLLEGE, 
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OCXCV.—The Propagation of Explosion Waves in 
Gases Contained in Tubes of Varying Cross-section. 


By CoLin CAMPBELL. 


THE movements of the flames produced during the explosion of 
gaseous mixtures have been studied photographically by von 
Oettingen, Le Chatelier, Dixon, and others. Most of the experiments 
described by these investigators were conducted in tubes of uniform 
diameter; in other experiments, where the diameter altered, it 
did so gradually and only to a small extent. 

The present investigation is an attempt to photograph explosion 
flames in different gaseous mixtures as these flames pass along tubes 
which are abruptly constricted or enlarged. Before describing 
the experiments, it is necessary, however, to refer briefly to some 
previously discovered characteristics of explosion waves in uniform 
tubes. 

1. The velocity of the detonation wave in any given gaseous 
mixture is independent of the material composing the tube (Ber- 
thelot—see Dixon, Phil. Trans., 1893, [A], 184, 99). Thus tubes 
of glass, metal, or rubber give approximately equal rates. 

2. When a detonation wave meets the further, closed, end of 
the containing tube a wave of compression is sent back through 
the burning gases (Dixon, ibid., 1903, [A], 200, 326). The velocity 
of this compression wave is approximately equal to that of a sound 
wave in the hot gases under the same conditions. 


4p*2 
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3. The velocity of the detonation wave is affected by the presence 
of a flexible junction (say of rubber) between two parts of the tube, 
At such a junction, the flame’ is damped down and takes some time 
to recover its original speed (Dixon, ibid., p. 335). 

4. It has also been found (author’s unpublished results) that 
the diameter of the containing tube has some influence on the 
velocity of the detonation wave. With rapid mixtures, for example, 
C,N, + Og, the difference in the rates observed in tubes of 6 mn. 
and 19 mm., respectively, is small. If, however, a diluent gas is 
added and the rate consequently lowered, the difference in the rates 
observed in the two tubes becomes very considerable, for example, in 
the mixture C,N, + O, + 2N, the rates for the 6-5 mm. and 19 mm. 
tubes are, respectively, 2161 and 2238 metres per sec. 

The present research may be conveniently divided into four 
sections, according as an explosion wave passes from one tube into 
(1) another tube of smaller diameter—‘‘ normal—narrow ”’; (2) a 
narrower tube and thence to a third of diameter equal to the first— 
“normal—narrow-normal”’; (3) a wider tube—‘‘ normal—wide ”; 
(4) a wider tube and then to one of original diameter—“ normal- 
wide—normal.”’ 

By a “ normal ” tube must be understood one in which the dia- 
meter is sufficient, but not greatly in excess of that required, to 
allow the detonation wave, travelling in any particular mixture, 
to assume its maximum velocity. On comparing the rates of several 
mixtures in tubes of different diameters, it was seen that a tube of 
about 10 mm. diameter would satisfy the conditions for a normal 
tube (Table I). Accordingly, tubes of diameter 10 mm. to 16 mm. 
were chosen as normal tubes. 


TABLE I. 
Velocities of explosion waves in tubes of different diameters. 


Mixture. 6 mm. 9 mm. 12-7 mm. 15mm. 
2821 — 
1927 1921 — 
H, + O, + 3N, — 2055 — 2089 
C,N, + O, + 2N, 2161 2230 2230 -- 


As far as possible the tubes were constructed entirely of glass 
and the different portions of the tube were fused together at the 
common junction. In all cases this junction was so constructed 
that the change in diameter was very abrupt and not a gradual 
widening or narrowing. In the case of very wide tubes, it was not 
possible to construct them all in one piece and a special device 
(described later) had to be adopted in order to overcome this diffi- 
culty without introducing any flexible joint. In some experiments, 


A 3.—Detonation wave passinginto B 4.—Flame velocity increased at 3 —Tube shattered. Apparent 
a narrower tube. junction with narrower tube. decrease in flame velocity. 


E 1.—Flames in normal-narrow- E 2.—Same tube as E1. Stopper 
normal tube kept in position. 


L 1.—Detonation wave retarded at L 6.—Retarded flame checked by S$ 4.—Wide cavity between 
junction with wider tube. pressure-wave. two narrower tubes. 
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the-very wide tube was made of stout glass tubing, whilst in others 
metal tubes were used ; the results did not indicate any difference 
in the behaviour of the flames due to these differences in material. 
In each series of experiments the normal tube was joined to a length 
(several metres) of lead pipe of the same diameter; this lead pipe 
carried a sparking-piece and brass tap at its further end. The 
jnitial movements of the flame preceding the formation of the 
detonation wave took place in the lead pipe, and the flame which 
entered the glass tube was quite steady—in fact the detonation 
wave itself. 

The movements of the flames were analysed on a rapidly moving 
wheel carrying a photographic film—like the apparatus described 
in a previous research (Proc. Roy. Soc., 1914, [A], 90, 506). Slight 
alterations were made in the method of driving the wheel and in 
the addition of a device for timing its speed. The explosion tubes 
were placed horizontally and the flames traversed them from left 
toright. The film was moving vertically downwards at the point 
where it received the image of the flame; the photographs, therefore, 
show lines which are compounded of two velocities at right angles 
and in every case the print of the film indicates a line starting from 
the right-hand bottom corner and inclined at an angle to the hori- 
zontal. In most of the experiments the flame in the normal tube 
is visible and its velocity known; the speed of the wheel can there- 
fore be calculated. In all the photographs thin, dark, vertical lines 
appear; these are caused by strips of black paper fastened across 
the front of the tubes at distances of 10 cm., measured from the 
junction of the two tubes. These lines serve as reference marks 
and are useful in measuring the photographs. In order to obtain 
the same width of flame in two tubes of different diameters, black 
paper was fastened round both tubes, leaving at the front only a 
horizontal opening of equal width along the whole length of tube 
photographed. 

I. “ Normal-narrow.”’ 

Since the detonation wave is the wave of maximum velocity 
which can traverse a particular gaseous mixture at a definite tem- 
perature and pressure, a sudden diminution in the diameter of the 
containing tube cannot cause any increase in velocity unless one 
or both of these factors are altered. It is possible that the increased 
lateral pressure exerted by the walls of the tube might cause an 
increase in rate. This effect is likely to be very small, however, 
for Dixon (Phil. Trans., 1893, [A], 184, 179) has shown that the 
tate of the detonation wave in one particular gaseous mixture was 
only increased from 2775 metres per sec. to 2872 metres per sec. 
when the initial pressure was raised from 500 mm. to 1500 mm. 
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It is more probable that a decrease in velocity should occur owing 
to the great cooling effect of the walls of the tube—especially in those 
cases where the diameter is very small. It is conceivable that the 
two effects—one of increase of velocity and one of decrease—might 
compensate one another in the case of one particular mixture, 
but it is unlikely that it would happen in a number of different 
mixtures. 

Accordingly, five different gaseous mixtures were used in four 
different tubes (named series A, B, C, D respectively). In Table II 
the dimensions of the tubes used in these experiments are given 
and in Table III the results of the various experiments. 


TABLE II. 


Dimensions of tubes. 
Normal tube. Narrow tube. 
Series. Diam.inmm. Diam. in mm. Length in em. 
A 33 
B 33 
Cc 33 
D 9:! } 33 


TABLE ITI. 


Change in rate 
Series. No. Mixture. at junction. Remarks. 
A 2H, -+ 30, None 
C,N, + O, + 2N, Tube shattered. 
2H, + 30, 
Cork maintained in 
position. 


eo h 


None 


Probable obstruction 
in the lead pipe. 


° ” 


Slight increase | 


9° > 
None 
’° 
None 
.” 


s° 


Slight increase Tube shattered. 
None ' 

Slight increase Tube shattered. 
None 


None 


2H, + 30, ~ 
C.N, +O, +2N, Slight decrease Tube shattered. 


Woe DAA wt ADO woe 


In most of the experiments, the explosion wave had the same 
velocity in the normal and the narrow tubes. In experiment D 3 
the tube was shattered; this may account for the apparent decrease 
in velocity of the flame when it had traversed about 10 cm. of the 


t the 
night 
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narrow tube. In those few experiments where there was an increase 
in velocity at the junction (see Table III), the initial flame was not 
constant, but was increasing in speed as it approached the junction. 
It is probable that the detonation wave had been damped down by 
some slight obstruction in the lead tube and had not again reached 
its maximum velocity when it was photographed. At the junction 
the high pressure produced initiated a wave—probably the detona- 
tion wave—in the narrow tube, and also gave an intense return 
wave in the partly burnt and still burning gases in the normal 
tube (B 4). 

It is established, therefore, that when a detonation wave, travelling 
in a tube of uniform diameter, suddenly enters a much narrower 
tube, there is no appreciable change in velocity at the junction. 
In the mixtures used, the detonation wave can traverse at least 
30 cm. of glass tubing 5 mm. or more in diameter. 

Attention must also be directed to a slower secondary wave which 
follows the detonation wave starting from the junction and moving 
towards the end of the narrow tube (see photograph A 3). It is 
probably a wave of compression and is caused by forward moving 
gas in the wake of the detonation wave increasing the pressure at 
the junction. This pressure tends to release itself—forward in 
the narrow tube and backwards in the wider tube. Since the gas 
is already moving forward in the narrow tube, but is almost 
stationary in the wide tube, the forward wave moves faster than the 
backward wave. 

The return wave of compression produced when the initial 
detonation wave collides with the cork, is clearly seen in all the 
photographs. In some cases, it is slightly curved, owing to the 
movements of the gas en masse, but in most cases is quite straight— 
indicating a constant velocity. In Table IV, the measurements 
of the tangents of the angles which the reflected waves in the normal 
and narrow tubes make with the horizontal are compared. 


’ 


four 


on 


TaBLe IV, 


Tangents of angles of return wave in 


Mixture. Photo, Normal tube. Narrow tube. 

2H, + 30, Al 0-33 0-36 

os A3 0-33 0-34 

me A4 — 0-34 

es C6 0-32 0-36 

, a C8 0-35 0-37 
, 3CS, + 50, B6 0-44 0-45 
. B7 0-41 0-46 
é‘ c2 0-37 0-40 
C.N, + 0, + N, C3 0-26 0-27 
C4 0-28 0-30 


” 
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The individual values depend on the velocity of the photographic 
wheel as well as on the velocities of the flames, but the table brings 
out the fact that the return wave in the normal tube is more rapid 
than that in the narrow tube—the velocities of these waves bei 
inversely proportional to the tangents of the angles. This difference 
in velocity may be due to the fact that in the normal tube the gas 
is almost stationary, whereas in the narrow tube it is still moving 
forward towards the closed end. Also, the narrow tube may 
cool the gas more rapidly than the normal tube. 


II. ** Normal-narrow—normal.”’ 


It has been shown by Le Chatelier (Ann. Mines, 1883, 4, 319) 
that a mixture of methane and air (containing 10°4 per cent. of 
the former) will not propagate a flame in glass tubes of 3:2 mm. 
diameter, and that metal tubes prevent the propagation more 
effectively than glass tubes of the same diameter. Payman and 
Wheeler (T., 1918, 113, 656) have shown that 2 cm. of brass tubing 
(of diameter up to 8 mm.) will prevent a slow flame in a mixture 
of methane and air from spreading into a second wide vessel. If 
the flame was allowed to attain a somewhat higher velocity (that is, 
by permitting it to travel a greater length in the wider vessel before 
it met the narrow tube), a greater length of brass tubing was required 
to prevent it spreading into the second vessel. The flames used 
in these experiments were moving with a velocity less than 100 cm. 
per second and therefore the cooling effect of the walls of the vessel 
was considerable. 

In the experiments described in this paper, the flames were 
travelling with a velocity of more than 2000 metres per second ; the 
temperature of the gases was raised more suddenly than in Payman 
and Wheeler’s experiments, and the time of passage of the flame 
much shorter. It is not surprising, therefore, to find that the 
detonation waves in various mixtures of gases can traverse quite 
considerable distances along a very narrow tube and spread into 
a second wide vessel. The tubes used were constructed entirely 
of glass, the two end (“ normal ’’) tubes being fused to the central 
(‘narrow ”’) tube. The normal tubes were of equal diameter, 
approximately 16 mm., in all the experiments. One of them was 
joined to a lead coil (of equal bore), at the far end of which the gases 
were fired; the other normal tube was varied in length between 
19 cm. and 31 cm. The central (narrow) tube was varied in both 
length and diameter, as the following table shows. 

In all these experiments the mixture 2H, + 30, was employed. 
This particular one was chosen because, whilst it gave a fairly 
good light, the pressures produced did not shatter the apparatus 
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hic TABLE V. 
ngs . . : 
nid Dimensions of tubes used in “ normal—narrow-—normal.” 
ing Narrow tube. 

- A ~ 2nd normal tube. 
Ice ies. Diam. (mm.). Length (cm.). Length (cm.). 


4-5 24 


as often as the less diluted but more actinic mixtures would have 
done. The end of the tubes was closed by a tightly fitting cork,. 
which was usually allowed to blow out; a few experiments were 
performed with the cork held firmly in position; this made little 
difference, if any, to the general phenomena observed. 

In experiment E 1 (photograph reproduced), the detonation 


& & wave, travelling at uniform speed, collided with the junction wall 
‘© (at 4,) through which the narrow tube continued. Here an intense 
if wave of reflection was sent back, but the original wave passed 
, through the narrow tube with unchanged velocity. At the second 


junction, the wave became much less luminous and travelled for- 
ward at a velocity which appeared almost constant, but was much 
less than the velocity of the original wave. At a point about 
215 cm. from 4,, the flame was checked and an intense wave— 
possibly of reflexion—passed back through the burning gases. 
This return wave appears to have been caused by a wave of com- 
pression which had preceded the flame and had suffered reflexion 
from the cork—situated 24 cm. from 4,. At the point of collision 
between the pressure-wave and flame, the latter continued to advance 
towards the cork, which was finally forced out. 

The return wave in the burning gases was nearly constant in 
velocity and where it collided with the junction wall at 4, the 
luminosity was very great—suggestive of a very high pressure. 
At 4,, part of the wave continued its journey into and through the 
narrow tube and part was again reflected. 

This photograph (E 1) is similar to many others taken in tubes 
of similar shape but of different dimensions. Photograph E 2 
shows the effect of keeping the cork firmly fixed in position. The 
confined gas continued to burn for some time and was crossed and 
recrossed by waves of pressure—reflected in turn from the cork 
and from the junction-wall 4,. An increase in length of the middle 
narrow tube to 9 cm. and then to 19 cm. did not appreciably affect 
the velocity of the flame in this narrow tube (F and G experiments). 
When the diameter of the narrow tube was reduced to 2 mm., 
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the amount of light given out was very small and few good photo. 
graphs were obtained. The wave in this narrow tube still appear 
constant in velocity even when it traversed a length of 32 en, 
With further increase in length (to 40°5 cm.) and further diminutio, 
in diameter (to 1°5 mm.), no good photograph was obtained, bu 
the flame passed through the narrow portion and ignited the ga; 
in the further tube. 

The velocities of the retarded flames in the end tube can lk 
calculated from the velocity in the centre tube and from the measur. 
ments of the angles formed by these flames in the photograph, 
The velocity of the flame in the centre tube is assumed to be that 
of the detonation wave in the mixture used (2H, + 30,) and is 
probably about 2120 m. per sec. 

The values of tan « and tan 8 (in Table VI) are calculated from 
the measurements of the angles (in the photographs) formed by 
the flame in the narrow and normal (end) tubes respectively. 


TABLE VI. 
Measurement of angles made by flame edges. 


Tan a Velocity of retarded 

Experiment. Tan a. Tan 8. Tan 6 flame in m. per sec. 
0-13 0-53 0-25 530 
0-52 0-25 530 
0-44 0-29 610 
0-54 510 
0-51 “25 530 
0-50 -26 560 
0-49 I; 580 
0-50 “26 560 
1 0-44 » 26 610 
0-14 0-48 “2 610 
560 
0-13 0-70 . 410 
0-15 0-74 , 430 
0-14 0-72 , 430 
Mean 420 


These results appear to indicate that where the expansion at 
A, is from a 5 mm. tube to a 10 mm. tube the velocity of the 
retarded flame is-about 560 m. per second, but where the expan- 
sion is greater (that is, from 2 mm. to 10 mm.) the retarded flame 
is slower, namely, 420 m. per second. 

We may summarise the results of experiments in normal-narrow- 
normal tubes as follows : 

1. An explosion wave in the mixture 2H, + 30, can pass from 
a normal through a narrow and into a second normal tube. In 
glass tubes, the middle section may be as narrow as 1°5 mm. and 
flames will pass through a length of at least 40 cm. of this narrow 
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TaBLeE VII, 
Measurements of flame angles. 


Mixture 2H, -++ 30,. 
Retarded flame in 


Diam. of wide Initial wave. lst 10cm. 2nd10cm. 3rd 10cm. 

tube in mm, Tan a. Tan £,. Tan £,. Tan £;. 
22 0-15 . 0-37 
22 mS os f 
22 0-16 : 0-37 
35 0-16 0-57 
35 0-17 0-52 
62 
62 0-67 
62 
85 
85 
85 
85 
85 
91 
91 


* L’3. Length of wide tube = 70 cm. 
+ Mean values of 20 cm. 
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Mixture C,N, + O, + 2N,. 
Retarded flame in 


Diam. of wide Initial wave. Ist 10 em. 2nd10ecem. 3rd 10cm, 

Expt. tube in mm. Tan a. Tan A). Tan B,. Tan Bs. 

22 0-15 0-45 . — 

22 0-16 0-47 “5 0-61 

22 0-15 0-43 0-67 

22 0-16 0-45 . 0-70 

22 ~ 0-46 . 0-69 

35 0-16 0-55 . 0-85 

45 0-16 0-65 . 0-81 

45 — 0-62 : 

65 0-12 0-65 

91 0-16 0-86 

91 0-14 0-84 

91 — 0-89 


* Length of wide tube in L’ 1 and R’ 1 = 70 cm. 


tube. The luminosity of the flames is small in these very narrow 
tubes. 

2. The explosion wave in a tube of diameter not less than 2-0 mm. 
suffers no appreciable change in velocity over a length of at least 
30 em. 

3. The explosion wave suffers a diminution in velocity when it 
enters the end tube, and this retarded flame is preceded by a wave 
of compression. 
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ITI. ie Normal-wide.”’ 


The experiments in II have shown that a considerable retardation 
of the flame occurs at the point where the flame, having travelled 
through a very narrow tube, suddenly debouches into a wider tube, 
The experiments to be described here, show that the detonation 
wave itself, travelling in a tube 10 mm. in diameter, is similarly 
retarded at the junction (4) with a much wider tube (photograph 
L 1). Photographs have been obtained of this retarded flame in 
tubes, the narrow part of which was always 10 mm. wide, whereas 
the wide part differed in diameter. Since some of the flames after 
retardation were not constant in velocity, the angles made by these 
flames in each 10 cm. section of the wide tube (counting from the 
junction) have been measured separately and are called §,, 8,, §,, 
respectively (Table VII). Except where indicated, the wide tube 
was approximately 30 cm. long. 

From the mean values of tan « and tan 8, and from the known 
values of the initial explosion waves in the two mixtures, the 
velocities of the retarded flames have been calculated (Table VIII). 


TaBLeE VIII. 


Velocity of Retarded Flame. 
Velocity of 
Diam. of wide flame in m. 
tube in mm. Mean tan a. Mean tan §,. per sec, 
0-15 0-37 890 
0-165 0-54 640 
0-135 0-67 430 
0-125 0-60 450 
0-16 0-78 440 
Mean tan Ay. 
0-16 0-60 590 
0-16 0-78 455 
0-12 0-80 * 340 
0-15 1-06 310 


* This figure is mean (tan 8, + tan 8.)/2 because the flame edge is curved. 


The results show the very great retardation produced at the 
junction. The velocity of the retarded wave is apparently dependent 
on the particular explosive mixture used and on the relative dia- 
meters of the wide and the narrow tube. Under the conditions of 
these experiments, the 91 mm. tube appears to cause very little 
more retardation than a 65 mm. tube, and a limit has probably 
been reached. 

It may be assumed that the gases in the wave-front (continuously 
fired by adiabatic compression) are at a very high temperature 
and pressure. At the junction, the great lateral pressure exerted 
by the sides of the tube is suddenly removed, the hot gases are 
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free to expand in every direction and are consequently cooled. 
The phenomenon may be compared with the expansion through 
a nozzle of a gas under pressure. The greater the difference in 
the diameters of the normal and narrow tubes, the greater will 
be the expansion and consequent retardation of the flame. Experi- 
ments performed in wide tubes of greater length than 30 cm. show 
that the retardation of the flame at the junction is the same as for a 
shorter tube of the same diameter; a few photographs, taken further 
along a tube 70 cm. in length, show that the flame is again gathering 
speed and is probably on the way to set up the explosion wave once 
more. 

The means adopted to close the end of the tube did not affect 
the amount of retardation of the flame. This was shown by experi- 
ments where the end was closed by a cork or rubber stopper loosely 
inserted or firmly inserted, by a metal disk lightly cemented over 
the end, or even by a piece of paper gummed over the end. In 
those experiments where a rubber stopper was tightly inserted 
and consequently less air was drawn into the tube, the mixture 
remained luminous for a longer time. 

A few experiments were performed at pressures less than atmo- 
spheric. In two experiments at 370 mm. pressure, the flame in 
the mixture 2H, + 30, did not travel very far in the 10 mm. tube, 
whereas at 500 mm. the flame was visible and the stopper violently 
ejected, but no photograph was obtained. With the mixture 
2H, + O,, the flame died out in the 10 mm. tube when the pressure 
was 270 mm., but at 400 mm. pressure the explosion wave—probable 
velocity 2800 metres per second—was retarded at the junction 
as in the experiments at atmospheric pressure. The retarded 
flame had a velocity in the 91 mm. tube of about 560 metres per 
second. 

In photograph L 6, the retarded flame is seen to have been checked 
at a point 26 cm. from the junction (A), the stopper of the tube 
being 3-5 cm. further on. In another experiment where the advanc- 
ing flame was still slower, it was stopped at a point 22 cm. from the 
junction, the stopper being 9 cm. further on. It is believed that 
this checking of the flame is caused by a wave of pressure which 
has preceded the retarded flame, has been reflected from the closed 
end of the tube, and on its return journey has checked the flame 
and become visible in the hot gases behind the wave-front. 
An attempt has been made to calculate the velocity of this 
pressure-wave in different experiments, assuming (1) that the 
pressure-wave starts its independent existence at the junction, 
and (2) that it is reflected from the stopper without loss of velocity— 
a condition which may only obtain with waves of small amplitude. 
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In Fig. L 6a (taken from L 6), the line CX represents the probable 
course traced by the pressure-wave as it advances from the junction 
C, meets the end of the tube at X, and is reflected along XG, col. 
liding with the retarded flame at @. 
The angles CXM and MXG are made 
equal, and therefore the position of M, 
and consequently of X, can be deter. 
mined from measurements of the photo. 
graph. It can be shown that MG/XM= 
tan a, and also that V, = (tan «/tan 
a,)V_y, where Vp = velocity of the pres- 
sure-wave, V, = velocity of the initial 
flame, and « the angle between the 
initial flame and the horizontal. 

In Table IX, values of Vp in different 
experiments have been calculated from 
measurements of the corresponding 
photographs by means of the above 
formula. 


TABLE IX, 
Velocities of pressure-waves. 
Mixture 2H, + 30,. 


Diam. of wide 
tube in mm. Tan a. Tan a. Vp in m. per see. 
22 0-15 0-35 
99 % 0-32 
35 0-16 0-40 
0-165 % 
0-15 0-48 
0-14 0-46 
9 0-47 


Mixture C,N, +- O, + 2Ng. 


0-15 0-43 

0-44 

0-42 

% 0-43 
35 0-51 
45 0-58 


- 
. 
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65 0-65 
91 0-70 
0-71 
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The velocity of sound in the mixture 2H, + 30, at 16° is about 
410 m. per second calculated by the Laplace formula, the value 
of y being assumed to be 1-40. The value of y for cyanogen probably 
lies between the limits 1-25 and 1-30, giving values of y for the 
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mixture C.N, + O, + 2N, of 1-36 or 1-37. Calculated on the 
latter value, the velocity of sound in this mixture is about 306 m. 
per second. The velocities of the pressure-waves in the preceding 
tables are seen to be much faster than the velocity of sound in the 
same mixture. Where the diameters of the wide and the narrow 
tubes are very different, the pressure-wave appears to move about 
50 per cent. faster than the sound wave; where the diameters are 
more nearly alike, the pressure-wave is a concussion wave of which 
the velocity is more than double that of sound. If these pressure- 
waves lose velocity on reflexion, as stated by Crussard (L’Onde 
te Choc, p. 34), their velocities will be higher than the values given 
in Table IX. 

When a quite narrow tube—5 mm. in diameter—debouches into 
a wider tube of 16 mm. diameter, the pressure-wave produced in 
the latter travels at about 640 m. per second (mixture 2H, ++ 30,)— 
a value which is near the rate found in experiments O 1, O 2,03 
(Table IX). 

The course followed by the wave of pressure after its collision 
with the flame is seen to advantage in photograph L 6 (Fig. L 6a). 
The wave proceeded from left to right through the burning gases 
at nearly constant velocity until it reached the junction, where it 
was almost completely reflected; in its return journey towards 
the end of the tube, it overtook the flame front, helped it along, 
ad was again reflected from the stopper. Similar phenomena 
were observed in experiments with different mixtures and under 
different conditions. Measurements of the velocities of these waves 
of pressure were made in nineteen different experiments, and a 
number of deductions of a general character are possible. It was 
found, of course, that the velocity of the wave moving in the burning 
gases (for example, GH in Fig. L 6a) was very much greater than 
the calculated velocity of the pressure-wave (in the cold gases) which 
produced it (CX or XG). Higher values of CX gave higher values 
for GH, but this relationship only held for each single mixture. 
At H, part of the pressure-wave was reflected, but in almost every 
case there was a considerable loss of velocity at this point. This 
loss was rhost noticeable where the difference in the diameters of 
the wide and the normal tube was small; where the junction 
approximated to an unpierced disk, the reflexion of the pressure- 
wave was almost complete. The gas itself was, almost certainly, 
in violent motion and the velocity of the pressure-wave moving 
in this gas would be increased or diminished by the direction and 
amount of the movement of the medium. The velocity of the 
pressure-wave would also be dependent on the temperature of the 
flame through which it was passing and this temperature would 
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vary, not only with the mixture, but also with the cooling (by 
expansion) at the junction. 


IV. “‘ Normal—wide-i:ormal.” 


A number of experiments were performed in tubes containing 
a central (“wide”) portion between two narrower (“ normal” 
portions. The central portion was about 12 cm. long and 47 mm, 
in internal diameter. The end portions were 10 mm. in diameter, 
one end being fitted. to the lead tube and firing-piece and the other 
being closed in the usual way. Three different mixtures were used, 
namely, 3CS, + 50,, 2H, + 30,, and 2H, + 0O,. In each case, 
the initial explosion wave was retarded at the first junction (4) 
(see photograph S 4—mixture 2H, + O,) and moved with almost 
constant velocity through the central wide tube. In the 3CS, + 50, 
mixture, the retarded flame soon gathered speed again. At the 
second junction (4,) there was a great increase in the intensity of 
the light. The wide portion of the tube was so short that the retarded 
flame and the pressure-wave which preceded it were reflected from 
(4,) at almost the same instant, and it was impossible to distinguish 
their separate effects. A very rapid flame goes forward from (4,) 
in the end tube. This appears to be the detonation wave, which 
has been re-started at the junction (4,). 


Summary. 


The following general conclusions can be drawn from all the 
experiments with the different tubes : 

(a) An explosion wave does not change its velocity appreciably 
when it passes into a narrow tube, whether this narrow tube is 
closed at the further end or whether it opens again into a wider 
tube. The distance over which this flame can travel will probably 
depend on the material of the tube, but very narrow glass tubes 
(about 2 mm. in diameter) will allow the flame in the mixture 
2H, + 30, to travel at least 40 cm. without appreciable retardation. 

(6) An explosion flame is suddenly retarded at any point where 
a sudden expansion of hot gases may occur. In some gaseous 
mixtures, this flame then moves at a fairly constant vélocity for 
some distance; in others, it continues to be retarded. Probably 
it finally gains speed and reproduces the detonation wave. The 
retardation of a detonation wave as it passes through a flexible 
joint between two rigid tubes (as recorded by Dixon, Phil. Trans., 
1903, [A], 200, 334) is probably due to a sudden expansion at the 
junction. Where the joint is smooth and rigid and the tubes of 
equal diameter, no expansion occurs, and therefore no retardation 
takes place. 
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IN 
ng (by (c) The retarded flame is preceded by a compression wave, 
more or less rapid according as the expansion has been small or 
t, and this, after collision with the closed end of the tube, is 
reflected and checks the advancing flame. 
inj (d) The rates of the retarded flame and of the preceding pressure- 
mal wave are dependent on the gaseous mixture, the relative sizes of 
7 mm the different portions of the tube, and possibly the initial pressure. 
meter fy The greater the difference between the diameters of the two portions 
oth ™ of the containing tube, the less the velocities of the retarded flame 
one and of the preceding pressure-wave in any one mixture. These 
dint velocities reach a lower limit in a very wide tube. 
au, EXPERIMENTAL. 
can The Tubes.—In experiments with tubes of diameter less than 
t the 65 mm., these tubes were made entirely of glass, the different 
ty of sections being fused together. When the diameter exceeded 65 mm., 
arded several kinds of tubes were employed. In the earlier experiments, 
from 2 tube of mild steel was used; it was open at one end and closed 
yuish at the other except for a central hole of 10 mm. diameter. A steel 
(A,) ferrule projected outwards from this end-plate, and the narrow tube 
hich was cemented into this ferrule. A window of plate-glass covered 
a horizontal slot (10 mm. wide), cut out of the steel tube, and the 
window was fixed in position by cement. Since the window was 
displaced by each explosion, this steel tube was replaced, in later 
the experiments, by a very thick-walled glass tube. One end was fitted 
with a steel end-plate and ferrule as described above; this end- 
ably plate was clamped to a steel annulus (which fitted over the far end 
va of the tube) by strong bolts and nuts and the whole apparatus was 
ider supported in a wooden frame. A thin layer of cement between the 


metal end-plates and the glass tube rendered the apparatus air-tight. 
The tubes were filled with the explosive mixture in different ways, 
according to their shape and construction. Where they were of 
small diameter, the air was displaced by a rapid stream of the 
explosive mixture, the cork being inserted while the gas was still 
passing. With wider tubes, these were tightly stoppered, rapidly 
evacuated to 15 mm. pressure with a Fleuss pump, and filled with 
gas, this operation being repeated three times in rapid succession. 
The Gases——The cyanogen was prepared from dried mercuric 
cyanide. It was mixed with dry nitrogen and oxygen obtained 
from cylinders of the compressed gases, and the mixture was stored 
in a gas holder over mercury. The hydrogen—oxygen mixtures were 
stored over water and passed directly into the explosion tube. 
The moisture present: lowered the detonation rate by about 0-5 
per cent., an amount well inside the experimental error. The carbon 
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disulphide mixtures were prepared by drawing dry oxygen through 
two wash-bottles containing the liquid at 18°. 

The mixtures were fired by a break-spark from the secondary 
circuit of a Ruhmkorff coil. 


In conclusion, the author desires to thank Professor H. B. Dixon 
for much kindly interest in the work, and Dr. O. C. de C. Ellis for 
considerable help with the experiments. 
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CCXCVI.—Acetion of the Chlorides of Phosphorus on 
Chlorodimethyldihydroresorcinol. 


By Lreonarp Eric Hryker and Winiiam DupLey WILLIAMs, 


In the course of an investigation on the action of phosphorus 
haloids on dimethyldihydroresorcinols (Crossley and Le Sueur, T., 
1903, 83, 113) it was shown that the main products of the action 
of phosphorus tribromide on bromodimethyldihydroresorcinol were 
mono- and di-bromodimethylcyclohexenone (I and II). 


H,—COx, H,--CO 
Me,C<oH cB, CH (L) Me,C<oH CBr > CBr (IL, 


For the purpose of another investigation, dichlorodimethylcyclo- 
hexenone was required, and it was hoped that it could be con- 
veniently prepared by the action of phosphorus trichloride on 
chlorodimethyldihydroresorcinol, since it has been found that the 
action of chlorine on chlorodimethylcyclohexenone does not give 
rise to the dichlorodimethyleyclohexenone. (Details of this 
reaction will be published in a subsequent communication.) It 
may be at once stated that neither phosphorus trichloride nor the 
oxychloride has any appreciable action on chlorodimethyldihydro- 
resorcinol, which, when heated for six hours on the water-bath with 
a large excess of either reagent, is in the main recovered unchanged. 

It was hoped that by the regulated action of phosphorus penta- 
chloride on chlorodimethyldihydroresorcinol it might be possible 
to prepare the dichlorodimethylcyclohexenone (IV). Although 
this result was accomplished, it was soon found that the reaction 
is very complicated and provides yet another example of the con- 
version of hydroaromatic into aromatic compounds. Several 
reactions apparently take place simultaneously, since unless more 
than two molecules of phosphorus pentachloride are employed 
some of the original dihydroresorcinol can always be recovered 
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mchanged. The primary action is the formation of a trichloro- 
derivative (III), which readily loses hydrogen chloride, yielding 
dichlorodimethyleyclohexenone (TV). 

H,—CO CH,-CO 4 

(II1.) Me,CCGH cc}, CHCl —> Me,C HCcIe cl (IV.) 

At the same time, chlorination also occurs to a small extent 
owing to the presence of the ketonic group (compare Armstrong 
ad Lowry, T., 1902, 81, 1469), yielding hydroaromatic compounds 
which, under the influence of phosphorus pentachloride, partly 
affer rearrangement, giving rise to a monochloroxylenol, melting 
at 80—81°, and a xylenol, melting at 163°. 

With excess of phosphorus pentachloride, a further action takes 

place in which the second ketonic group is attacked, yielding highly 
chlorinated hydroaromatic substances which partly suffer rearrange- 
nent into aromatic substances, giving rise to 3:4: 5-trichloro-o- 
xylene, and 3: 4: 5: 6-tetrachloro-o-xylene (Hinkel, T., 1920, 117, 
1300). 
This rearrangement, although brought about slowly in the 
raction mixture, can readily be effected by heating the hydro- 
somatic compounds with concentrated sulphuric acid at 120° 
until evolution of hydrogen chloride ceases. The aromatic com- 
pounds are obtained from the acid mixture by dilution with water 
and subsequent steam distillation. 

Dichlorodimethylcyclohexenone is, however, not converted into 
an aromatic compound by this treatment, for although it is readily 
ated upon by concentrated sulphuric acid with evolution of 
hydrogen chloride, the acid mixture on dilution with water pre- 
cipitates the original monochlorodimethyldihydroresorcinol, which 
is non-volatile in steam. This reaction definitely establishes 
the position of the second chlorine atom, and dichlorodimethy]l- 
cylohexenone must therefore have the constitution represented 
by formula IV. Although a double bond is present in the above 
hexenone, chlorine has no action either in hot or cold chloroform 
solution. With bromine, on the other hand, substitution readily 
takes place on heating. 


EXPERIMENTAL, 
Action of Phosphorus Pentachloride on Chlorodimethyldihydro- 
resorcinol.—Chlorodimethyldihydroresorcinol, 
H,——CO 
CMe, <CH COR)? CCLH.O, 


was prepared from dichlorodimethyldihydroresorcinol by reduction 
with stannous chloride in warm alcohol solution as described by 
Vorlander (Annalen, 1902, 322, 239), and dried in a steam-oven for 
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several hours until its melting point was 161°, corresponding with 
the anhydrous compound. 

Twenty-seven grams of chlorodimethyldihydroresorcinol (1 mol), 
170 c.c. of dry chloroform, 50 grams of phosphorus pentachloride 
(1-5 mols.), and 10 c.c. of phosphorus trichloride were heated for 
four hours on a water-bath. The chloroform was then distilled 
and towards the end of the distillation a sudden reaction set in, 
At this stage, the distillation was stopped and the mixture poured 
into water and extracted three times with ether. From the aqueous 
layer, on keeping after removal of dissolved ether, unchanged 
chlorodimethyldihydroresorcinol (1-9 grams) separated in long, 
colourless needles. The ether layer was washed with caustic soda 
until the washings were alkaline (washings A), the ether was removed, 
and the yellow, residual liquid distilled in a vacuum, when the 
following fractions were collected under 13 mm. pressure: 115— 
128°; 128—132°; 132—140°; 140—143° with decomposition. The 
fractions did not crystallise even after several days; they were then 
seeded with dichlorodimethylcyclohexenone previously isolated from 
the alkaline washing A (see later). 

Fraction 115—128° slowly deposited crystals, especially on 
cooling in a freezing mixture. 

Fractions 128—132° and 132—140°. Both fractions crystallised 
rapidly and almost completely. 

Fraction 140—143°. Even after thorough cooling, only a few 
crystals formed. 

The crystals from all the fractions were drained with suction 
(the mixed filtrates = B) and crystallised from light petroleum 
(b. p. 40—60°), in which they are almost insoluble in the cold 
(yield 7:2 grams) (Found: Cl = 36-89. C,H, OCI, requires Cl = 
36-78 per cent.). 

4 : 5-Dichloro-1 : 1-dimethyl- A4-cyclohexen-3-one (formula IV) is 
very soluble in the cold in alcohol, acetone, ether, or chloroform, 
and crystallises from light petroleum (b. p. 40—60°) in colourless 
prisms melting at 63°. It may be heated to its boiling point without 
decomposition. It is insoluble in cold sodium hydroxide solution 
and is only slightly attacked on boiling. It does not combine with 
chlorine either in cold or hot chloroform solution; substitution, 
however, takes place slowly with bromine in hot chloroform solution. 
One gram was heated with a few c.c. of concentrated sulphuric 
acid at 120°. After ten minutes, when the vigorous evolution of 
hydrogen chloride had subsided, the dark coloured liquid was 
cooled, diluted with water, and steam distilled. No volatile product 
was obtained, but long, needle-shaped crystals were deposited on 
cooling which proved to be monochlorodimethyldihydroresorcinol, 
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The Filtrate B was mixed with an equal volume of concentrated 
sulphuric acid and heated at 120° until the evolution of hydrogen 


a chloride ceased, the dark liquid was then diluted with water and 
ed for steam-distilled. The-residue, on cooling, deposited long crystals 
stilled of chlorodimethyldihydroresorcinol, derived from the decomposition 
et in of the dichlorodihydrocyclohexenone still remaining in the filtrate 
" tk B. The ethereal extract of the steam distillate was washed with 


sodium hydroxide solution (washings = C), dried, and the ether 


wi evaporated, when a white residue remained which crystallised 
lens fom alcohol in masses of felt-like needles. These crystals, on 


pressing, form a waxy mass similar to 3: 4: 5-trichloro-o-xylene 


= (I, 1920, 117, 1299) but melting at 107°. 
, the On repeated fractional crystallisation from ethyi acetate, a 
wu partial separation was effected yielding two substances, one melting 


at 99°, the other crystallising from ethyl acetate in long, glistening 
crystals melting at 218°. Owing to lack of material a further 
separation could not be effected; each fraction was therefore 
separately dissolved in chloroform and treated with chlorine in 
presence of iron filings. In each case, after removal of the chloro- 
form, a white residue was obtained which, when recrystallised from 
ethyl acetate, melted at 223°, alone or mixed with 3 : 4 : 5 : 6-tetra- 
chloroxylene (loc. cit.). The crystals melting at 107° were therefore 
amixture of 3:4: 5-tri- and 3: 4: 5 : 6-tetra-chloroxylene. 

Treatment of the Alkaline Washings A and C.—The washings 
A were ‘heated on a water-bath to. drive off dissolved ether, then 
widified with sulphuric acid and steam distilled until the distillate 
ame over clear. The residual solution deposited ‘crystals’ of 
chlorodimethyldihydroresorcinol on cooling. 

The: distillate was extracted with ether. The liquid residue, 
after evaporation of ether, was triturated with dilute caustic soda 
solution, when part of it dissolved, leaving a white solid (0-6 gram), 


4 which was filtered, dried on porous tile, and crystallised from light 
out qMttoleum (b. p. 40—60°), dichlorodimethylceyclohexenone (m. p. 
ion @ 2) being obtained. The alkaline filtrate from the hexenone 
ith was acidified with dilute sulphuric acid, extracted with ether, the 
“ ethereal solution washed with water, dried over calcium chloride, 
a and the ether distilled off, when a liquid residue was obtained 
tic which slowly solidified on keeping in a cool place. This residue was 
of found to consist of a mixture of two compounds, one soluble and 
ti the other insoluble in warm light petroleum (b. p. 40—60°). The 
ict Bpettoleum solution was evaporated to small bulk, when aggregates 


of slender crystals separated ; these, after recrystallisation from light 
petroleum (b. p. 40—60°), in which they are easily soluble, melted at 
80-—81° (Found : Cl= 23-53. C,H,OCl requires Cl = 22-68 per cent.). 
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This monochloroxylenol is very readily soluble in all the common 
organic solvents. It gives a benzoyl derivative melting at 86° 
When treated with chlorine in light petroleum solution, it is cop. 
verted into a trichloroxylenol melting at 181°. 

The solid remaining after the separation of the monochloro. 
xylenol was dissolved in hot aqueous alcohol, from which it crystal. 
lised in colourless, glistening plates melting at 162—163°; the 
amount was, however, too small for further investigation. 

The alkaline washings C were acidified with sulphuric acid and 
treated in the same manner as the alkaline filtrate from the hexenone 
described above, and yielded a mixture of the monochloroxylengl 
melting at 81° and the xylenol melting at 162—163°. 


The authors desire to express their thanks to the Research Fund 
Committee of the Chemical Society for a grant to one of them 
(L. E. H.) which has, in part, defrayed the expenses of this investi- 
gation; and also to Dr. A. W. Crossley for leaving this investigation 
in their hands. 
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CCXCVII.—A Modified Methyl-orange Indicator. 


By KenNnETH CLaupDE DEVEREUX HICKMAN and REGINALD 
Patrick LINSTEAD. 


A GREAT many substances have been employed as indicators for 
acid-alkali titrations, and in recent years the colour changes 
involved have been used for the quantitative determination of 
hydrogen-ion concentration. In spite of the number available, 
only a few indicators, such as phenolphthalein, methyl-orange, 
and methyl-red, are in favour for ordinary analytical work. ‘The 
use of methyl-orange is almost universal, although the colour 
change from yellow through orange to pink is very difficult to 
detect in its initial stages. The object of the following work was 
to improve the colour change of the methyl-orange indicator 
without altering its chemical properties. 

It is well known that the eye is most sensitive to change of hue 
when that change occurs to a neutral-coloured object (Proc. Roy. 
Soc., 1909, [A], 83, 120). Thus, a red object reflecting red light 
diluted with 10 per cent. of white is not readily distinguishable 
from another red object reflecting 20 per cent. of white, provided 


ig. |. ° 
4000 §000 Fig. | 6000 ooo Ap, 


Alkaline. 


| Methyl-orange. 
, 


Acid. 


400 5000 Fi¢-2. 6900 7000 


Xylene cyanole FF. 


Unscreened spectrum 
on Ilford spectrum 
panchromatic plate. 


Alkaline 


| Cyanole + methyl- 
| orange indicator 
} 


In the above photographs the luminosity of the red 

is greatly exaggerated. The region 5000—6000 A.U. in 

the top photograph (in Fig. 3) is many times brighter 
visually than that at 6500—7000 A.U. 


[To face Trans., p. 2503. 


and 
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the luminosity be the same in both cases. On the other hand, a 
white object appears* vastly different from a nearly white object 
returning a 5 per cent. excess of red light. Dilute solutions of 
methyl-orange and phenolphthalein are good examples of this 
phenomenon. In acidifying methyl-orange, the change from yellow 
to orange is a change taking place in a previously saturated colour 
and is not readily noticeable. The reverse change from colourless 
phenolphthalein to the pink salt is immediately detectable. To 
improve the methyl-orange indicator, therefore, it must be modified 
so that the colour change is from white or neutral grey to a shade 
in which one or more colours preponderate. 

The spectrum photograph (Fig. 1) shows the change from yellow 
to pink during the acidification of the dye. The absorption band 
shifts towards the red, obscuring the green, and permitting a 
little blue to pass. The eye has the difficult task of detecting a 
slight alteration in the length of the transmission band. Let us 
now suppose that an inactive substance, having a single absorption 
band in the yellow-orange, is added to the indicator solution. 
When the latter is alkaline, the colours transmitted are extreme 
red, green, and a trace of blue; the luminosity of the red and the 
blue is small compared with the green, so that the solution appears 
green. On acidifying, the methyl-orange band shifts into the 
green, reducing the luminosity of the latter until the red and blue 
preponderate, giving the solution a magenta colour. With the 
choice of a suitable screening dye there is a period during the 
acidification when the amounts of red, green, and blue transmitted 
are visually equal, so that the solution appears white, or neutral 
grey. The colour change is therefore, green—neutral grey—magenta, 
that is, from one colour, through white, to a supplementary colour ; 
a change to which the eye is most sensitive. Furthermore, the 
“grey” is a definite stage and can be recognised without previous 
experience, and repeated from titration to titration without the 
use of comparison solutions. 

The screening dye finally adopted was xylene cyanole FF’, the 
mixed indicator containing one part of methyl-orange to 1-4 parts 
of cyanole dissolved in 500 parts of 50 per cent. alcohol. Two or 
three drops were sufficient for a titration, and the “grey” 
neutral point corresponded with a hydrogen-ion concentration of 
Pu = 3°8. 


EXPERIMENTAL. 
Of the many dyes examined, the following, in ascending order 
of usefulness, showed promise: Victoria green, patent blue A 
and V, filter blue-green, solid green, new solid green G, xylene 
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others. : 


of acid, and was thus suitable for the purpose. 


‘ 
: 
2 
e 
' 
» 


point generally chosen with ordinary methyl-orange. 


Methyl-orange. anole. 25 c.c. of KOH soln. re- 
C.c. of 0-019, Co. ot 0-01% quired of N/10-HCI (c.c.). 

soln. soln. Grey. Pink. 

1 1-1 30-95 31-00 

1 1-2 31-05 31-10 

1 1-3 30-90 30-95 

1 1-4 30-95 31-00 

1 1-5 31-00 31-10 


The cyanole was found to be stable to alkalis, but decolorised 
by excess of mineral acid, the colour returning on dilution. Ih 
the region of the neutral point, it was insensitive to the addition 


To determine the ratio of methyl-orange to xylene cyanole. 


Contrast. 
Fair. 
Good. 
Best. 
Poor. 


It will be seen that for a normal titration of 25 c.c. each of acid 
and alkali, 0-00010 gram of methyl-orange and 0-00014 gram of 
cyanole should be used. The liquid remains green to within two 
drops of the end-point. Another drop of acid gives a grey-green, 
and a further drop produces a steel-grey, showing no trace of green 
or pink. Further addition of acid turns the solution magenta. 
The question arises whether this steel-grey represents the end- 
The follow- 


ing comparison titrations give information on this point. As a 
solution of methyl-orange in pure water is yellow, the first dis. 
cernible change from yellow, using a comparison solution, was 


assumed to be the end-point of the ordinary indicator. 


. ‘ ‘ Excess of 
Approx. strength 25 C.c: of alkali required, 


orange alone. indicator. indicator. 


N/l No difference Nil Nil 
N/10 30:90 c.c. 30-95 c.c. 0-05 c.c. 
is 30-80 30-85 mé 0-04 
na : 30-80 0-00 
N/50 24-4 24-5 0-10 
* = 24-55 0-15 0-17 
- 24.2 24-45 0-25 
N/100 28-4 29-10 0-70 
‘i 28-5 29-35 0-85 


acid for Mean Mean 
: acid and with methyl- witheyanole cyanole lag in lag 
alkali. 


The titrations were repeated in the reverse direction, and it was 


Me 

* Constitution go Na SS 4 
Mi | NHEt 

Neo,s OH\_/ 

Me 


. From Sandoz Chemical 


eyanole FF,* the last-named being much better than thefffound 


tude, 
5 ¢ 
the t 
soluti 
as th 
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n thefffound that the lag also reversed and was slightly greater in magni- 
tude, thus: With N’/10-solutions, lag = 0-1 c.c., with N/50, lag = 

lorised(-5 c.c., with N/100, lag = 0-85 c.c. The discrepancy between 

n. Infithe two indicators is almost negligible with N/10 and stronger 

dition lutions, and is non-existent if the usual salmon-pink is chosen 
as the methyl-orange end-point. This is shown below: 


le. 25 C.c. of alkali C.c. of acid of nearly equivalent strength used. 
of approx. With cyanole With methyl-orange. 
strength. indicator. First change. Salmon-pink. 
N/10 30-85 30-80 30-90 
ast. N /50 24-55 24-4 24:8 
A N/100 29-1 28-4 29-2 
d. One of the principal uses of methyl-orange is in the estimation 


of carbonate and free alkali in caustic soda by the “ double end- 

point ’’ method, phenolphthalein being used as the first indicator. 
acid § 95 C.c. of a mixture of sodium hydroxide and carbonate gave the 
m of § following end-points (in c.c. of N/10-acid). 


| two Methyl-orange 
reen, § Indicator ...... Phenolphthalein. Methyl-orange. and cyanole. 
nial End-point ...... 26-70, 26-73 29-50, 29-52 29-51, 29-53 
, 


nta. f The sensitiveness of the mixed indicator was tested for various 

end. § neutralisations : 

low- f(a) Ammonia and hydrochloric acid. Good end-point. 

is af (b) Sodium hydroxide and phosphoric acid. Good end-point, 
dis- J corresponding with formation of NaH,PQ,. 

was | (c) Sodium hydroxide and acetic acid. No satisfactory end-point. 
In a final experiment, one litre of distilled water containing 

8c.c. of 0-01 per cent. methyl-orange and 11-2 c.c. of 0-01 per cent. 

an [icyanole was titrated with N/10-hydrochloric acid. The colour 

> I changes were noted as follows : 


) 
l C.c. of acid added. Colour of soln. H-ion concentration. 


0-97 Slightly green. Pu = 3-9 
3 1-4 Grey. Pu = 3°8 
2-4 Violet. pu = 3:7 


The Use of Artificial Light during Titration —It was hoped that 
liquid or gelatin screens, coloured with cyanole or other dyes, 
could be used as filters for the light from electric or gas incan- 
descent lamps to enable methyl-orange titrations to be done at 
yas @ night-time. It was found that whatever tint was employed, the 
eye adjusted itself to the general illumination, the colour of the 
indicator remaining substantially the same. In monochromatic 
light, the solution became opaque. Excellent results, equal to 
those obtained in daylight, were obtained by using the modified 
indicator in conjunction with a 100-watt gas-filled “ daylight ” 
lamp with a blue glass bulb. 

VOL, CXXI. 4Q 
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Summary. 


A method is outlined for improving the colour change of the 
methyl-orange indicator. 

A dye is described which fulfils the necessary conditions. 

The modified indicator is tested and found to be trustworthy, 

A suggestion is made for procedure by artificial light. 


Royat CoLieGE or SCIENCE, 
Soutu Kensineton, 8.W.7. [Received, August 19th, 1922.] 


CCXCVIII.—Derivatives of Diphenylihiolbenzene. 
By Samuet Smizes and HueH GRAHAM. 


In previous communications, the characteristic reactions of o-dithio. 
benzoic acid in sulphuric acid solution have been described. These 
have been interpreted (T., 1911, 99, 640) by the assumption that 
preliminary fission of the dithio-group occurs and that the resulting 
sulphenic acid undergoes condensation with other material present. 
Thus with benzene thioxanthone is formed (T., 1910, 97, 1290), with 
hydrogen sulphide o-dithiobenzoyl is produced (this vol., p. 86), 
whilst substances containing a reactive methylene group, such as 
acetylacetone and ethyl acetoacetate, yield derivatives of oxythio- 
naphthen (T., 1921, 119, 1810). The object of the experiments now 
described has been to compare the behaviour of other typical aromatic 
disulphides with that of o-dithiobenzoic acid. Some evidence on 
this question may be collected from experiments already described 
in literature; for example, derivatives of thianthren are formed by 
heating aromatic disulphides with sulphuric acid (Ber., 1909, 42, 
1170), and trihydroxythioxanthone is obtained from gallic acid and 
diphenyl! disulphide (Ber., 1911, 44, 2146) in the same manner. In 
the first of these examples, the formation of the thianthren may be 
regarded as due to the mutual condensation of two thioaryl groups, 


et og > CoH, —> CH.<S>0,H, + 2H,0, 
whilst in the latter an equally simple interpretation is available: 
S-OH 
CHG +HOo. antl H(OH), —> ©,H,<, pate H(OH),. 


It is worth notice that the thianthren derivative arising in the 
former reaction is not by any means the sole product; usually, more 
complex substances are formed at the same time. From these 
instances it may be anticipated that many other disulphides are 
capable of condensation with aromatic nuclei. In the experiments 
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now described, m-dithiobenzoic acid and p-dithiodimethylaniline 
have been chosen as two typical disulphides ; this selection has been 
made, partly because these substances are of widely different 
character, and also on account of the fact that the products which 
they yield are more easily obtained in the crystalline state than 
with other disulphides examined. Both these disulphides react very 
readily with benzene in presence of sulphuric acid, and in each case 
the chief product is a substance containing two thioaryl groups 
united with the benzene nucleus. The substances (I and II) are in 
fact derivatives of diphenylthiolbenzene (III). 
(,H,(S‘C,H,’CO,H), C,H,(S°C,H,NMe,). CgH,(S-C,H;), 
(I.) (1L.) (ILL.) 
C,H,°S:C,H,CO,H Cy 9H ,(S*CgH,’CO,H),. 
(IV.) (V.) 
(CH,),C,H,(S°CgH,’NMe,), 
(VL.) 

In neither instance was the simpler monosulphide of the type (IV) 
encountered, and this is in striking contrast with the behaviour of 
o-dithiobenzoic acid, which yields only thioxanthone under the same 
conditions. With the latter disulphide, only one instance has 
been met with in which more than one thioaryl group had con- 
densed with the aromatic nucleus, and this was the case of naphtha- 
bisthioxanthone, which is formed in small quantity with naphtha- 
thioxanthone when o-thiolbenzoic acid is treated with naphthalene 
in sulphuric acid (T., 1910, 97, 1298). From this hydrocarbon and 
m-dithiobenzoic acid a substance of similar type (V) was obtained 
as the chief product. In considering the circumstances which might 
account for the difference in reactivity of these disulphides as com- 
pared with o-dithiobenzoic acid, it was thought that the presence of 
the ortho-substituent in the latter case might be associated with 
the restraining influence observed. This appeared the more probable 
since certain other ortho-substituted disulphides such as o-aniline 
disulphide and 1 : 4 : 1’ : 4’-tetrachlorodipheny] disulphide react only 
extremely slowly or not at all with benzene under comparable con- 
ditions. ‘To submit this view to further test, the reaction of p-xylene 
with p-dimethylaniline disulphide was examined. Since the 
twofold condensation observed in the case of benzene would here lead 
to a substance with accumulated ortho-substituents, it was expected 
that either a monosulphide (type IV) would be formed or that reaction 
would not occur. It was found, on the other hand, that rapid con- 
densation took place with formation of the bis-sulphide (VI). Under 
the same conditions, o-dithiobenzoic acid yields (T., 1911, 99, 1355) 


1: 4-dimethylthioxanthone. 
4Q2 
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This example is sufficient to show that ortho-substitution is not 
the sole factor which is concerned in the more restrained activity 
of the o-dithio-acid. On reviewing the situation, it seems more 
probable that the difference is due to the formation at the first 
stage in the condensation of a stable cyclic system; thioxanthone 
does not readily yield the bisthioxanthone with excess of the dithio. 
acid, and it is the sole product when the acid reacts with benzene 
under usual conditions. The same circumstances obtain in the 
intramolecular condensation of a simple aromatic disulphide such 
as the p-tolyl derivative, which furnishes dimethylthianthren. 

Turning to the behaviour of m-dithiobenzoic acid and of p-dithio- 
dimethylaniline with substances containing reactive methylene 
groups, it is remarkable that in neither case has any reaction yet 
been observed similar to those which take place so readily with 
o-dithiobenzoic acid. In this respect the latter substance appears 
quite exceptional. 

The following remarks on the structures of the substances described 
in the following pages are necessary. It is clear that they do not 
contain the dithio-arrangement found in the disulphides from which 
they are prepared, for they are not attacked by reducing agents 
with formation of mercaptans. The question then arises as to the 
order in which the thioaryl groups and the nucleus of the hydro- 
carbon taken are associated. For example, in the case of the 
substance obtained from benzene and dithiodimethylaniline, there 
would be the alternative arrangements II and VII: 


(VIL) CgH,*S-C,H,(NMe,)S-C,H,-NMe,. 


The latter implies that the disulphide is capable of undergoing 
intramolecular condensation under the conditions chosen. Experi- 
ments have shown that this is not the case; p-dithiodimethylaniline 
may be recovered unchanged after its solution in sulphuric acid has 
been kept at 20°, but reaction at once begins when the hydrocarbon 
is added. The same remarks apply to the case of m-dithiobenzoic 
acid. Hence the alternative structure (IT) must be accepted. With 
regard to the orientation of the thioaryl groups in the hydrocarbon 
nucleus, nothing can at present be said, except in the case of p-xylene, 
where the ortho-situation with respect to the methyl groups is 
undoubted. 


EXPERIMENTAL. 


Benzenedi-m-thiobenzoic Acid, CgH,(S*C,H,°CO,H),.—A mixture 
of 15 grams of m-dithiobenzoic acid and 150 c.c. of sulphuric acid 
was shaken with 10 c.c. of benzene at the atmospheric temperature. 
Two further additions of the same amount of benzene were made at 
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intervals of half an hour. The interaction proceeded with evolution 
of sulphur dioxide, whilst the reacting mixture assumed a deep green 
colour. After being shaken for three hours, the liquid was kept over- 
night, when a considerable portion of the crystalline product separ- 
ated. The mass was then poured over crushed ice, and the solid 
thus obtained was dissolved in aqueous sodium hydroxide and solid 
sodium hydroxide added, when crystals of the sodium salt of the 
required acid separated. A sample of this material was recrystallised 
from hot water. 

Sodium benzenedi-m-thiobenzoate was then obtained in broad, 
colourless prisms which are moderately soluble in cold water. This 
alt contained water of crystallisation, but the amount retained by 
a air-dried sample varied and was not in any definite molecular 
proportion (Found : H,O = 15-5—16-6. Cale., 2H,O = 12-5; 
3H,0 = 17-6 per cent.). The water present was removed by heating 
the substance at 130°; the anhydrous material then obtained 
(Na = 10-87; cale., Na = 10-79 per cent.) being hygroscopic. The 
chief portion of the crude sodium salt was treated with dilute 
sulphuric acid and the amorphous material liberated was submitted 
tofurther purification. It was first treated with ether in an extrac- 
tion apparatus to remove inorganic matter. The required acid 
separated from the ether in the crystalline state, but it was finally 
recrystallised several times from a hot mixture of alcohol and water. 

zenedi-m-thiobenzoic acid forms a colourless microcrystalline 
powder which is very sparingly soluble in ether and moderately 
sluble in boiling alcohol or acetone; when immersed in a bath at 
280°, it subsequently melts and slightly decomposes at 302—303° 
found: C= 62-7; H=39; S= 169. C,9H,,0,S, requires 
(= 62:78; H=3-7; S= 16-8 per cent.). When pure, the 
substance yields a colourless solution with sulphuric acid, the green 
colour which appears during the preparation being apparently due 
oan oxidation product. The yield of the crude material is about 
§% per cent. of theory, but the treatment necessary to remove the 
impurity greatly diminishes this amount. 

Naphthalenedi -m -thicbenzoic Acid, CyH,(S*C,H,-CO,H),.—A 
mixture of m-dithiobenzoic acid and sulphuric acid was treated with 
hsolution of naphthalene in light petroleum as in the case of benzene ; 
he subsequent treatment was similar, but to purify the product it 
vas found necessary to repeat the precipitation of the sodium salt 
ith alkali several times. The acid finally liberated from this was 
eerystallised from a mixture of alcohol and water. Prepared in this 
lanner, naphthalenedi-m-thiobenzoic acid forms small, yellow needles 
hich melt and decompose at 256—258° and are sparingly soluble in 
we common organic solvents (Found: C = 66-25; H = 3-9; 
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S = 14-5; M, in boiling nitrobenzene, = 449. C,,H,,0,S, requires 
C = 66-6; H = 3-7; S = 148 per cent.; M = 432). 

Benzenedi-p-thiodimethylaniline, C,H,(S*CgH,NMe,)..—A solu. 
tion of p-dithiodimethylaniline in sulphuric acid was shaken with 
benzene at the atmospheric temperature, further small quantities 
of benzene being added until the evolution of sulphur dioxide had 
ceased. The liquid obtained by pouring the green reaction mixture 
over crushed ice was neutralised with sodium carbonate, the precipi. 
tated base collected in chloroform, the solvent removed, and the 
residue treated with a little acetone to remove coloured impurities 
and then recrystallised from acetone. Benzenedi-p-thiodimethylani- 
line forms colourless, broad needles which melt at 171—172° (Found: 
C= 69-4; H=65; S=170; M=402. C,.H,,N,S, requires 
C= 69-4; H=6-3; S = 168 per cent.; M = 380). It is worth 
notice that the condensation of this disulphide with phenol under 
the same conditions as those now described has been previously 
examined (T., 1911, 99, 648). The product then isolated was the 
substance HO-C,H,(S-C,H,-NMe,),. It is evident that the course 
of the reaction is similar in the two cases. 

p-Xylenedi-p-thiodimethylaniline, (CH ,),C,H,(-*S‘C,H,NMe,),.— 
Dimethylaniline p-disulphide was treated with p-xylene in sulphuric 
acid as described in the foregoing case. The solution obtained by 
pouring the reaction mixture over ice was extensively diluted with 
water, when the required product was precipitated. This was 
collected and recrystallised first from alcohol and then from acetone, 
when p-aylenedi-p-thicdimethylaniline was obtained in colourless 
needles, When rapidly heated, these melted at 232—233° (Found: 
S=162; N=7-1; M= 403. C,.H.,N,S, requires S = 158; 
N = 6-8 per cent.; JZ = 408). This substance is less stable than 
the corresponding derivative obtained from benzene; for example, 
the solution in boiling acetic acid rapidly assumes a violet colour, 
apparently owing to oxidation, but no definite product could be 
isolated. 

Kina’s Coitiecr, QUEEN’s UNIVERSITY, 


LonpDon, BELFAST. 
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CCXCIX.—Chlorination of Benzoyl Chloride. Part I. 


By Epwarp Hort and Grorcer CuiirrorD RILry. 


Amona the problems concerning the influence of the character 
of an atom or group, substituted in the benzene ring, on the 
position taken up by another atom or group entering the ring, 
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the interesting case where the group —COCI is present does not 
appear to have been studied. Since benzoyl chloride is a liquid, 
it seemed highly probable that, of the simple substituting reactions, 
direct halogenation would be possible, and it was decided to in- 
vestigate this. In the literature, there are only two references 
to the action of substituting agents on benzoyl chloride, namely, 
Karslake and Huston (J. Amer. Chem. Soc., 1909, 31, 479) and 
Bornwater and Holleman (Rec. trav. chim., 1912, 34, 221). The 
first-mentioned authors found that the action of nitric acid or 
nitric anhydride on a solution of benzoyl chloride in acetic anhydride 
gave only nitro- and acetyl derivatives of benzoic acid. Hydrolysis 
of the chloride was supposed to precede any other action. The 
work of the latter authors was mainly devoted to the chlorination 
of benzoic acid. They mention, however, the action of liquid 
chlorine on benzoyl chloride in sunlight. This results, according 
to them, in the formation of an additive product. The reaction 
is described as taking place very readily and the main product is 
a hexachloro-additive product of benzoyl chloride, boiling at 
171—172°/0-5 mm., accompanied by traces of chlorine substitution 
products and hexachlorobenzene. 

In some preliminary experiments, dry chlorine was passed into 
benzoyl chloride in the absence of a catalyst, and the main results 
indicated by Bornwater and Holleman were obtained. Contrary, 
however, to their experience, we found, on allowing the solution 
of chlorine in benzoyl chloride to stand in bright daylight and in 
direct sunlight, no rapid disappearance of the yellow colour of the 
chlorine to occur. Even after many hours, chlorine persisted. 
An experiment, similar in every way except that a small amount 
of anhydrous ferric chloride was added, gave a totally different 
result. The chlorine was rapidly absorbed at the ordinary tem- 
perature, much heat developed, and hydrochloric acid fumes 
evolved. When an increase of weight corresponding with the 
substitution of one atom of chlorine for hydrogen had occurred, 
the liquid was shown to consist mainly of monochlorobenzoyl 
chlorides (mainly meta-) along with small amounts of unchanged 
benzoyl chloride and of dichlorobenzoyl chlorides. The estimation 
of the amount of monochloro-derivatives and their isolation 
(which was one of the original objects of this work) are obviously 
much simpler matters in the case of the chlorides than in the 
case of the acids, for the process of fractional distillation ensures 
the removal of the unchanged benzoyl chloride and of practically 
all the dichlorobenzoyl chlorides. 

The estimation of the amounts of the individuals in the product 
was accomplished hy fractionally distilling the chlorination product 
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several times at low pressure, collecting a number of fractions 
boiling between definite temperatures, and estimating with the 
aid of melting-point diagrams the amounts of benzoic and individual 
chlorobenzoic acids in the mixtures from the hydrolysis of each of 
the fractions. The exact procedure is described in the experimental 
part, p. 2516. 

When the chlorination was conducted at 35° and the increase 
in weight corresponded with the entry of one chlorine atom (ferric 
chloride being the catalyst), the results obtained in the analysis of 
that portion of the product which boiled below 121°/12 mm. indicated 
that, of the original benzoyl chloride, 13-5 per cent. was unchanged, 
76-0 per cent. was converted into monochlorobenzoyl chlorides, 
and 5-0 per cent. was converted into dichlorobenzoyl chlorides. 

The remaining 5-5 per cent. of benzoyl chloride was converted 
into tarry material (containing iron derivatives of benzoic and 
chlorobenzoic acids) and probably also to some extent into tri- 
and poly-derivatives of benzoyl chloride. 

The monochlorobenzoyl chlorides consisted of the three iso- 
merides in the following proportions : meta-, 83-5 per cent.; ortho-, 
14-5 per cent.; para-, 2-0 per cent. 

The most closely allied substitution reaction the results of which 
it is of interest to compare with the above is the chlorination of 
benzoic acid, but in spite of a good deal of work on the subject 
no results of a quantitative nature have been obtained. A summary 
of these results is given by Holleman (“ Die direkte Einfiihrung 
von Substituenten in den Benzolkern,” 1910, p. 114) and the 
general conclusion formed is that chlorination of benzoic acid in 
acid solution favours the production of the meta-substituted 
acid; in neutral or basic solution, the ortho- and para-acids are 
the main constituents. Later, Bornwater (Rec. trav. chim., 1912, 
31, 221) found great difficulty in analysing a mixture of benzoic, 
monochlorobenzoic, and dichlorobenzoic acids formed by the 
chlorination of benzoic acid with liquid chlorine. He roughly 
estimated the amount of m-chlorobenzoic acid formed at 70 per 
cent., and did not isolate any ortho- or para-substituted acids. 

The only allied reaction in which a really quantitative analysis 
of the products formed has been carried out is the nitration of 
benzoic acid. Holleman (Rec. trav. chim., 1899, 18, 267) gives the 
following as the percentage composition of the mononitro-substi- 
tution product in the case of nitration at 30°: meta-, 76-5 per 
cent.; ortho-, 22-3 per cent.; para-, 1-2 per cent. 

These proportions are of the same order as those obtained in 
the present investigation. 

A number of methods were investigated with the view of finding 
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tions Ja process of separation of the monochlorobenzoic acids from one 
. the another or at any rate a separation of the main product—meta— 
idual from the others. Only one of the methods tried, however, gave 
sh of a reasonably good result, namely, fractional crystallisation of the 


mixed barium salts from water, based on the comparatively small 
solubility of the salt of the m-isomeride. In this way, it was 


ease ff possible to separate a large proportion of almost pure m-chloro- 
erric § benzoic acid from a mixture. Also, by examination of the com- 
is of § position of the other fractions, confirmation of the analytical 
ated results given by the purely physical method was obtained, as well 
ged, fas direct evidence of the presence of the o- and p-chloro-acids. 


EXPERIMENTAL. 


The benzoyl chloride was prepared from pure benzoic acid and 
phosphorus pentachloride in the usual manner, purified by dis- 
tillation, and finally carefully fractionally distilled, the fraction 
boiling at 196-8—197°/764 mm. being collected. The three mono- 
chlorobenzoyl chlorides were also similarly prepared from the pure 


10-, If chlorobenzoic acids, and values for the boiling points of these, and 

of the benzoyl chloride, determined at various pressures,* as 

ich Ff follows : 

of 

ect Benzoyl chloride. 

ary Wf Pressure ............ 

ing eeeeee 

“a 0-Chlorobenzoyl chloride.t 

ed BD iccicccoaviece 11 12 12-75 14-5 19:75 26-5 mm. 
essseusss 101-5° =: 103-5° 105° 114-5° 


2, 
ic, @ Pressure ............... 12-5 15 19 21 26 mm. 
he Temperature ......... FF 995° 103-5° 109-5° 112° 117-5°, 


sescccesestesce : ° 18-5 
Ssesceees ° , 109° 


27-5 mm. 
119°, 


* These determinations, and the fractional distillation of reaction mixtures 
obtained in the chlorination experiments, were carried out in flasks which 
had columns of the pear-shaped bulb type sealed directly on to the neck, 
and a side tube entering below the column, by which they could be emptied. 
These were necessary because the hot vapour of all these chlorides attacks 
cork or rubber extremely vigorously. Precautions were always taken against 
the entrance of moisture from pump or air. 

+ Fritsch (Ber., 1896, 29, 2299) gives the value 110°/15 mm. for the ortho-, 
and Montagne (Rec. trav. chim. 1900, 19, 46), gives the value 111-5°/18 mm. 
for the para-compound. 

4Q* 
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These results are plotted on the accompanying curve (Fig, }), 
in which values of log p and 1/7 are taken as co-ordinates, giving 


practically straight lines (p = pressure in mm. and 7' = absolute 
temperature). 


Fia. 1. 


Boiling points of benzoyl chloride and o-, m-, and p-chlorobenzoyl chlorides, 
0°00290 


2 
0°00250 


is 2 ll 115 12 1°25 


Log p. 
—*— Benzoyl chloride. —®— p-Chlorobenzoyl chloride. 
—»x— m-Chlorobenzoyl chloride. —O— 0o- pm ” 
Values of the boiling points taken at three definite pressures 
from these curves for comparison are as follow : 


Boiling point. 
Pressure. ‘Bz. Ortho-. 
10 mm. 74-0° 99-4° 
20 mm. 87-5 114-9 
30 mm, 96-1 124-7 


Meta-. . Pare.. 
94-4° 96-5° 

110-5 110-7 

121-1 120-5 


The values of A and B in the equation log p = A — B/T fo 
each compound are thus 
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B. 


Benzoyl chloride , 2758 
o-Chloro- __,, , 2790 
m-Chloro- _,, . 2579 
p-Chloro- __,, , 2909 


The small difference in the boiling points of the three chloro- 
jsomerides indicates that they behave as normal benzene derivatives 
(Sidgwick, T., 1920, 117, 392). It is, however, remarkable that 
the ortho-compound should have the highest boiling point. The 
same occurs in the case of the phthalyl dichlorides (0-, 281°; m-, 
276°; p-, 259°). 


Action of Chlorine on Benzoyl Chloride without Carrier. 


A steady stream of thoroughly dried chlorine was bubbled 
through benzoyl chloride (44 grams) contained in a small flask 
protected from the air, and in sunlight. The chlorine formed a 
deep yellow solution in the liquid, and the temperature rose rather 
rapidly from 15° to 22°, then fell slowly to 18°, at which it remained 
constant. The weight of the mixture only rose extremely slowly, 
with a slight evolution of hydrogen chloride gas. When the increase 
in weight reached 6 grams, the whole was left for forty-eight hours 
(in sunlight during the daytime), but the yellow colour did not 
perceptibly diminish. Chlorine was again passed until the total 
increase in weight reached 12 grams (theoretical increase for one 
chlorine atom = 11 grams), and the whole fractionally distilled 
at 20 mm. pressure. The chlorine boiled off, leaving a colourless 
liquid, of which 38 grams passed over between 88—96°, and the 
remainder between 203—210°; the latter being a colourless, very 
viscous liquid. The first fraction was shown to be nearly pure 
benzoyl chloride, and so only one-sixth of the original chloride 
had been used up, to form a compound probably identical with 
Bornwater’s benzoyl chloride hexachloride. 


Action of Chlorine on Benzoyl Chloride in the Presence of Anhydrous 
Ferric Chloride. 


Preliminary experiments, similar to the last, but with the addition 
of a small quantity of anhydrous ferric chloride to the benzoyl 
chloride, showed that the chlorine was much more rapidly absorbed, 
with evolution of heat and hydrogen chloride, and that the main 
product of the reaction was m-chlorobenzoyl chloride. 

A regulated chlorination for analysis of the products was carried 
out as follows. 

Anhydrous ferric chloride (7 grams) was added to benzoyl chloride 
(429 grams) in a round flask (600 c.c. capacity), forming a deep 

4 


Q* 2 
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yellowish-red solution, but leaving some of the ferric chloride 
undissolved. The flask was immersed in a water-bath kept at 
constant temperature (35°), and tightly fitted with a cork carrying 
an inlet tube for the chlorine dipping well under the liquid, a sealed 
stirrer,* and a vertical air-condenser for the exit of the gases, 
From the top of this condenser a tube led down and dipped under 
the surface of strong sulphuric acid in a small flask, thus indicating 
the rate of passage of the gas, and preventing the entrance of 
moisture. The flask and fittings could be removed bodily, and 
the inlet tube and top of the air-condenser closed by rubber caps, 
for weighing. 

The chlorine used was from a cylinder, and was dried thoroughly 
by strong sulphuric acid before passing into the benzoyl chloride. 

The apparatus was shaded from strong light, and, with rapid 
stirring, chlorine was passed through in a steady stream, the flask 
being weighed at intervals until the increase in weight was the 
theoretical for the substitution of one atom of chlorine (106 grams), 
the final weight being taken after prolonged stirring and standing 
over-night, as follows : 


Time from commencement : 5} 5} hours. 
Increase in weight 51 73 100 106 grams. 


Thus the final total weight of liquid was 542 grams. This was 
of a very deep red colour, and there was no undissolved solid. 

Distillation of the Reaction Mixture.—530-2 Grams of the liquid 
were weighed into a distilling flask, heated at about 100° at 10 mm. 
pressure, until it was on the point of distilling, reweighed, and 
finally distilled at this pressure until the thermometer reading 
was 98°. 

The loss in weight before distillation was 2-5 grams. 

There distilled over between 83—98° 401-1 grams. 

The residual liquid in the flask was diluted with pure dry light 
petroleum (500 c.c. of the fraction boiling at 60—75°, in which 
these chlorides are readily soluble), and kept for some hours. A 
quantity of a deep red oil was deposited, and the solution, which 
still had a slight yellow colour, was poured off into a fractionating 
flask, the solvent distilled off, and the remainder fractionally distilled 
at 12 mm. pressure. The above 401-1 grams fraction was similarly 


* Rapid agitation of the mixture was found to be essential, otherwise 
the hydrogen chloride formed did not seem to be readily evolved, and this 
considerably slowed down the reaction, and also made the determination of 
the increase in weight very difficult, owing to the considerable weight of 
dissolved gas. With stirring, the correct weight of the mixture could be 
taken almost immediately after stopping the passage of the chlorine. 
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fractionally distilled, and the corresponding fractions combined, 


giving 
101—104° 108-5 grams. 
104—110° 62-4 ,, 

97—101° , Residue * 47-2 


Total ” 


* This residue was still deeply coloured, so it was treated with the light 
petroleum recovered from the first precipitation, allowed to stand, the petroleum 
poured off, and distilled, and the residue from this distillation added at the 
suitable point to the next fractional distillation of the main bulk. 


This procedure was adopted to prevent the loss and decom- 
position which had been found to take place on distilling the highest 
boiling fractions from the mixture of ferric compounds and tar 
present. 

It was found to be inadvisable to attempt the precipitation at 
an earlier stage, before a preliminary distillation, as too large a 
volume of light petroleum was required for complete separation. 

The total red oil that separated was dried at 100°, and weighed 
25-7 grams. 

The above fractions were fractionally redistilled a further five 
times at 12 mm. pressure, giving as final fractions 


42-8 grams. 103—105° . . . 10-7 grams. 
105—110° , 


9 
| 49-3 . 110—115° 5- 
115—120° 14- J 
120—121° .. . 
Residue 


9-2 \ 
101—103° 5 9- , Total 


As the original weight of volatile liquid undergoing distillation 
was 530-2 — (2-5-+25-7) = 502 grams, the total loss of liquid 
during the whole of the distillations = 502—483 = 19 grams, 
that is, the average loss per distillation = 0-54 per cent. of the 
liquid distilled. It cannot introduce an appreciable error to assume 
that in each distillation this small loss was distributed evenly over 
the various fractions, and a correction for this loss is made in the 
final calculation of the analysis of the mixture. 

Hydrolysis of the Fractions to Corresponding Acid Mixtures.—This 
was found to be best effected by boiling with water. A weighed 
amount of any particular chloride fraction was boiled under reflux 
with three or four times its weight of water, the chloride layer 
becoming opaque and milky, and finally clear again. With mixtures 
containing the m-chloro-compound as main constituent, crystals 
of the acid grew in star-shaped clusters of long needles on the sides 
of the flask. With mixtures of low melting point, the lower layer 
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remained liquid, and the completion of the hydrolysis was denoted 
by a characteristic cloudy appearance of the boiling, upper, aqueous 
layer. This generally took place at about three-quarters of an 
hour from the commencement of boiling. 

With mixtures of higher boiling point, at the end of half an 
hour from the commencement, the lower layer completely solidified, 
with evolution of heat. The solid cake was broken up and the 
boiling continued for a further half hour. The condenser was 
washed down with water, and the contents of the flask were cooled 
to 0°, filtered, and washed with a little cold water. The solid was 
dried at 100°, ground to a powder when nearly dry, and finally 
dried until free from moisture and acid.* 

The amount left in solution in the water was small, but was 
extracted by pure ether, and taken into account in the analysis 
(as it was usually of different composition from the main bulk). 

Example.—13-19 Grams of 100—103° fraction gave 


11-51 grams of acid melting at 129—136°, the m. p. being 
raised by the addition of m-chlorobenzoic acid. 

0-17 gram extracted from aqueous solution; melting at 
127—127-8°, the m. p. being raised by the addition of 
o-chlorobenzoic acid. 

11-68 
Theoretical yield, calculated on composition later 
found by analysis = 11-8 grams. 


Method of Analysis of the Acid Mixtures—The estimation of the 
proportions in which the different acids were present in the mixtures 
after hydrolysis was carried out by means of a series of solidification- 
point determinations. 

Briefly, in the case of any particular mixture, the method was 
to determine two types of solidification point : 

(a) The initial solidification temperature of the mixture. From 
the value of this, the proportion of the main constituent could be 
deduced from the curves given by Bornwater and Holleman (Rec. 
trav. chim., 1912, 31, 242) for binary mixtures of these acids. 

(b) A eutectic temperature. For this determination, a suitable 
calculated addition of one of the pure acids was made, such as 
would bring the relative proportions of the latter and the original 
main constituent approximately to their true eutectic proportions, 
irrespective of the other acid or acids present. From the value 
of the eutectic temperature of this mixture, the proportion of the 


* These dry powders were extremely easily electrified by the slightest 
friction, with consequent scattering. 
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remaining constituent could be deduced from curves obtained by 
the authors for the effect of known additions to pure eutectic 


mixtures. 
Discussion of Method.—(a) T. van der Linden (J. Chim. Phys., 


lf an § 1912, 10, 465) points out that in the case of any mixture of benzoic 
lified, fj acid with the monochlorobenzoic acids, where the initial solidification 
d the § temperature falls on the benzoic side of the eutectic, a determination 


of this solidification temperature affords an accurate means of 


was 
ooled § estimating the amount of benzoic acid in the mixture, irrespective 
1 was § of the number or relative amounts of the chloro-acids present. 


This follows from the fact that the initial solidification tem- 
perature of benzoic acid is lowered to exactly the same extent 
by the same weight of either of the three monochlorobenzoic acids 


| Was 
lysis § (Bornwater and Holleman, loc. cit.). 
k), The same holds true for the addition to m-chlorobenzoic acid, 


ochlorobenzoic acid, or p-chlorobenzoic acid, respectively, of 
either of the other two or benzoic acid itself (although not in every 
case quite so accurately). Thus it can be taken as very nearly 
correct that from the initial solidification point of any mixture 
of these four acids, can be deduced the proportion of the main 
constituent A (that is, the one which first separates at this point). 
This is especially correct when one of the remaining acids (B) 
forms a large proportion of the remainder. The value required 
for the proportion of A is then read from the curve for mixtures 
of A and B. 

The determinations of solidification points were carried out in a 
similar manner to that described by Bornwater (loc. cit.). The 
tube containing the mixture, thermometer, and glass stirrer was 


ion- # supported centrally inside a slightly wider tube, and the whole 

immersed in a stirred glycerol bath, illuminated from behind, and 
was # kept at a temperature a few degrees above the melting point of 

the mixture until the latter was totally melted. The temperature 
om § of the outer bath was then allowed to fall very slowly, so that it 
bg was never more than two or three degrees below the temperature 
. @ of the mixture. The initial solidification temperature was taken 

as that temperature at which crystals appeared in the liquid 
ble # mixture and just perceptibly increased in amount, after seeding 
a @ with small amounts of solid from cooler portions of the 
al _# thermometer. 


Eutectic temperatures were determined in a similar apparatus. 
In this case, after a small amount of solid had separated, the tem- 
perature of the mixture stopped falling and remained steady for 
some time, This value was taken as the eutectic temperature. 
(6) Van der Linden (loc, cit., p. 460) describes the use of eutectic 
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determinations for the analysis of ternary and quaternary mixtures, 
The way, however, in which he determines these points, by cooling 
a mixture which has a composition very different from that of 
the eutectic mixture, presents great difficulties, as he admits. ]y 
experiments carried out in this way, a large amount of solid separates 
before the eutectic point is reached, and this makes an accurate 
determination difficult and prohibits its use where there is any 
mixed crystal formation (this takes place to a slight extent with 
m- and o-chlorobenzoic acids). It is also essential to know which 
eutectic mixture separates at the point determined. 

These difficulties were overcome, in the case of the mixtures 
obtained in the present investigation, by making a calculated 
addition of one of the pure acids such as would convert the relative 
proportions of the two main constituents into the proportions of 
their eutectic mixture. On determining this eutectic temperature, 
a very small amount of solid separates before the required tem. 
perature is reached, and the above difficulties are obviated. When 
a third acid is present, the temperature found is lower than that 
of the true eutectic of the pure substances, by a difference pro- 
portional to the amount of the third present. This amount can 
be deduced from a curve plotted from the results of determin. 
ations on known mixtures. Two such curves were determined as 
follows : 

(1) A eutectic mixture of pure benzoic (64 per cent.) and m-chloro- 
benzoic (36 per cent.) acids was made up, and values obtained for 
the lowering of the eutectic temperature brought about by the 
addition of varying weighed amounts of pure o-chlorobenzoic acid, 
as far as the ternary eutectic point (Table I and Fig. 2). The 
amounts of o-chlorobenzoic acid are given as percentages on the 
total weight of o-chlorobenzoic acid plus benzoic acid, as this is 
the most convenient form for calculating from the results of deter- 
minations on unknown mixtures. The small amount of solid 
separating out before the eutectic temperature was reached was 
shown in each case to be m-chlorobenzoic acid, as the addition of 
a small amount of the latter raised the temperature at which solid 
first separated, but did not affect the temperature of the eutectic 
point. 

(2) Similar values were obtained for the case of the addition of 
pure p-chlorobenzoic acid to a eutectic mixture of o-chlorobenzoic 
acid (53 per cent.) and m-chlorobenzoic acid (47 per cent.), as far 
as was found necessary for the determination of the mixtures 
encountered (Table II). 

Thus the method of analysis of a mixture containing, say, 
m-chlorobenzoic acid as main constituent, together with benzoic 
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TABLE I. 


Addition of 0-chlorobenzoic acid to the eutectic mixture of benzoic and 
m-chlorobenzoic acids (Bz, 64 per cent.; m-, 36 per cent.), 


o-Chlorobenzoic acid per Solidification temperatures. 
cent., calculated on total ———--- 
weight of benzoic plus Initial. Binary Ternary 
o-chlorobenzoic acids. eutectic. eutectic. 
95-7° 95-4° 


varied 
between 
81-6—82:0°. 
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TABLE IT. 


Addition of p-chlorobenzoic acid to the eutectic mixture of o- and 
m-chlorobenzoic acids (o-, 53 per cent.; m-, 47 per cent.), 


6 
p-Chlorobenzoiec acid per _ Solidification temperatures. 
cent., calculated on total — 
weight of o- plus p-chloro- Binary 
benzoic acids. Initial. eutectic. 
0 111-2° 110-6° 
2-9 110-5 109-8 
6-0 109-5 108-7 


acid, and o- or p-chlorobenzoic acid in small quantity, was as 
follows. 

The proportion of m-chlorobenzoic acid was found by the initial 
solidification temperature of the original mixture. 

Until the proportions of the remaining constituents were known, 
the remainder was taken as being wholly benzoic acid, and to a 
weighed portion of the mixture the calculated quantity of benzoic 
acid was added that would convert the percentage of m-chloro- 
benzoic acid to 36 per cent. of the resulting mixture, and the 
eutectic temperature determined. If this were 95°4°, the absence 
of o- or p-chlorobenzoic acid was thus proved. If it had a lower 
value, from the curve (Fig. 2) the proportion of the ortho-acid in 
the total weight of benzoic acid plus ortho-acid (which = 64 per 
cent. of the whole mixture) was found, and so the percentage in 
the original mixture calculated. If this amount were considerable, 
the eutectic temperature was redetermined after a corrected addition 
of benzoic acid to bring the proportion of meta-acid: benzoic 
acid = 36 ; 64, and the final calculation was based on this value, 
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Another addition, of sufficient o-chlorobenzoic acid to form 
practically the ternary eutectic mixture (of m- and o-chlorobenzoic 
and benzoic acids) was then made, and this point determined, 
The value proved that the third substance present was the o-chloro. 
acid, or any lowering indicated the presence of the p-chloro-acid. 

In mixtures where benzoic acid was absent, this was proved by 
a value being obtained for the percentage of o-chlorobenzoic plus 
p-chlorobenzoic acids in the original mixture which was identical 
with 100 minus the percentage of the m-chloro-acid. 

In these cases, the amount of the o-chloro-acid, and the absence, 
or amount if present, of the p-chloro-acid, were determined in a 
similar manner by use of the eutectic point of the m-chloro- and 


Fic. 2. 


Curve showing effect on eutectic temperature of addition of o-chloroberzoic 
acid to eutectic mixture of m-chlorobenzoic and benzoic acids. 
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Percentage of o-chlorobenzoic acid (calculated on weight of 
o-chlorobenzoic plus benzoic acids). 
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o-chloro-acids. To the original mixture sufficient o-chloro-acid was 
added to reduce the percentage of the m-chloro-acid to 47 per 
cent. of the resulting mixture (the value for the meta—ortho eutectic), 
and the eutectic temperature determined. This value, by means 
of Table II, was used to calculate, in a similar manner, the amount 
of p-chlorobenzoic acid in the original mixture. 

Mixtures containing m-chlorobenzoic acid admixed with small 
quantities of all three, benzoic, o-chloro-, and p-chlorobenzoic 
acids, were not encountered in this investigation, but such mixtures 
could be estimated by a combination of the above methods, first 
obtaining the percentage of o-chloro- plus p-chloro-acids from a 
determination of the m-chlorobenzoic—benzoic eutectic, and then 
the percentage of benzoic plus p-chlorobenzoic acid from a determin- 
ation of the meta-ortho eutectic. 
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Example : 
25°14 Grams of the fraction boiling at 98—99°/12 mm. on 
hydrolysis gave . 
21‘7 grams of main product (a) and 0°42 gram extracted 
from the aqueous solution (8). 
(a) Main product.—The initial solidification temperature was 
149°2°, raised by addition of m-chlorobenzoic acid, indicating 92 


per cent. of m-chlorobenzoic acid. 
0:2616 Gram plus 0°3865 gram of benzoic acid gave a eutectic 


temperature of 93:2°. 
Therefore, in the resulting mixture, 


ortho-acid (plus any para-acid) : benzoic acid 
= 52 : 94°8 (by Table f), 


but the amount of meta-acid = 0°92 x 02616 = 0°2406 gram. 


Therefore the amount of ortho- (plus para-) acid 
= 0°052 x (0°6481—0°2406) 
= 0°0212 gram, 
and as 0°2616—0°2406 = 00210 __s—rz, 
this proves the total absence of benzoic acid in the original mixture. 


0°6565 Gram of the resulting mixture plus 0°1285 gram of o-chloro- 
benzoic acid gave the eutectic temperature 81°5° (the initial solidifi- 
cation temperature being 83°6°), indicating the presence of some 
para-acid. 

0297 Gram of the original mixture plus 0-288 gram of ortho- 
acid (so that meta-acid = 0°2732 gram, remainder = 0°3118 gram) 
gave a eutectic temperature of 109°8°. 

Therefore, in this mixture, para-acid : ortho-acid 


=29 : 97°1 (by Table II), 


and the para-acid in the original mixture 
= 0°029 x 0°3118 = 0009 gram 
= 3 per cent. of mixture 
and the ortho-acid = § - - 

(6) Ether extract—The initial solidification temperature was 
124°, raised by the addition of o-chlorobenzoic acid, indicating 
74:5 per cent. of o-chlorobenzoic acid. 

0°343 Gram plus 0°15 gram of m-chlorobenzoic acid gave a eutectic 
temperature of 110°4°, indicating less than 1 per cent. of an acid 
other than the ortho- and meta-acids, which is negligible on the 
total fraction. 
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Thus the combined analysis for the total fraction is 


m-chlorobenzoic acid 90°7 per cent. 
o-chlorobenzoic acid 6°3 és 
p-chlorobenzoic acid 3:0 % 


The 120—121° fraction on hydrolysis was shown to consist 
solely of dichloro-compounds. Repeated crystallisation of the 
acid mixture isolated a pure specimen of 2: 5-dichlorobenzoic 
acid. A small percentage of these dichloro-compounds was also 
found to remain in the next lower fraction, 105—120°. 

The higher volatile residues were not examined, but it is extremely 
probable that these contained tri- and more highly chlorinated 
compounds. 

The insoluble residue from light petroleum was boiled with 400 c.c. 
of dilute hydrochloric avid, forming a deep yellow solution, and the 
whole distilled in steam. A quantity of a dark red tar was left un. 
dissolved, and this was separated, washed with hot water, and dried 
at 100°. It weighed 11°6 grams and contained only a trace of iron. 

The aqueous solutions deposited flocculent, colourless solids on 
cooling. These were extracted with ether, and gave a total of 
6 grams of dry solid, consisting of a mixture of the acids from the 
compounds formed in the reaction, the extract from the distillate 
being chiefly m-chlorobenzoic acid. 

The iron was precipitated from the yellow solution as the hydr. 
oxide, and after drying was found to correspond with the total 
weight of ferric chloride originally present. 


Summary of Analysis. 


Proportion of acids per Original weights of chlorides 
cent. after hydrolysis. (grams). 


o 


Monochloro- Monochloro- Di- 
benzoic. benzoyl. chloro- 
Wt. Benz- -—-—-—, y benz- 
Fraction. (grams). oic. p-. yl. -. . -. oyl. 
75— 80° 428 96-6 
80— 98 49-3 25-6 
98— 99 196-8 
99—100 70-0 
100—103 39-7 
103—105 10-7 
105—120 29-5 
120—121 27-3 
Residue 16-9 


483-0 


? 
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Multiplying by 7y3, to correct for distil- 


lation loss (see Pp. 2517)..,.cereeeeeeeeeeeees 
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As the original weight of benzoyl chloride equivalent to the 
weight (530°2 grams) of reaction mixture taken for distillation 
=419°7 grams, the proportions of benzoyl chloride used in pro- 
ducing the final products were as follow (figures given approximated 
to the nearest 0°5 per cent.) : 


Unchanged Monochloro- Dichloro- 
benzoyl chloride. compounds. compounds. 
13-5% 76% 5-0% 


The monochloro-compounds were formed in the proportions 


mely Meta-. Ortho-. Para-. 
lated 83-5% 14-5% 2%, 
or 100 : 17-3 : 2-4 


) c.c, The tarry matter was 2°2 per cent. on the original benzoy] chloride. 
l the 

jun. § Fractional Crystallisation of the Barium Salts of a Mixture of the 
lried Three Monochlorobenzoic Acids. 


A mixture was taken which contained, on analysis by the physical 
method described, 80°8 per cent. of meta-, 1°5 per cent. of para-, 
and 17°7 per cent. of ortho-chlorobenzoic acid. 


the To 40 grams of this mixture in boiling water (750 c.c.) a slight 
late excess (26 grams) of barium carbonate was gradually added. A 


large amount of barium sali separated and remained undissolved, 
and the solution was cooled to 50° and filtered. The solid was 
boiled with a further 600 c.c. of water, which again left some undis- 
solved, the solution cooled to 25° and filtered, and the solid washed 
with small quantities of water. From this solid the acid (A) 
was liberated by dissolving it in boiling water, adding a slight 
excess of dilute hydrochloric acid, cooling, and filtering, and the 
acid dried at 100°. 

The united filtrate containing the rest of the barium salts was 
fractionally evaporated and kept until the amount of crystals 
deposited did not increase, and the various fractions of these 
barium salts were collected, and separately decomposed by dilute 
hydrochloric acid as above, giving acid mixtures as follows : 


Tnitial 
C.c. of Acid solidifi- M. p. raised Composition 

j liquid. grams). cation pt. by per cent. 
(1) (A) 22-1 155° Meta-acid 100 Meta-acid 

(2) 800 6-7 153-5 ws 98 * 
_ (3) 460 1-65 152 jan 96 - 
) (4) 256 0-86 148-5 io 90-5 —C,, 

(5) 170 No crystals deposited. 

(6) 120 0-38 153-5 Para-acid 23 Para-acid 

(7) 55 0-4 160-5 25-5 


(8) remainder 616 138 Ortho-acid 95 Ortho-acid 
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Fraction (7), recrystallised from light petroleum, finally gave 
0°05 gram of the para-acid, m. p. 235—238°. 

Thus the above fractional crystallisation proved the presence 
of o- and p chlorobenzoic acids. The process also recovered 90 per 
cent. of the meta-acid present in the original mixture, in a state 
of 99 per cent. purity, and 81 per cent. of the ortho-acid in a state 
of 95 per cent. purity. 

The assumption that the impurity in the first four fractions was 
wholly the para-acid, and that the last three fractions were mixtures 
of the para- and ortho-acids, gives the following analysis : 


Wt. of acids (grams). 


Para-. Ortho-. 


0-13 
0-07 
0-08 
0-09 
0-1 

0-31 


0-78 6-44 


20% 16-9% 


This result agrees remarkably well with the analysis by the 
thermal method, as given above [compare the results obtained by 
Bornwater (Rec. trav. chim., 1912, 31, 233) when applying a similar 
method with the calcium salts]. 


Method for the Preparation of m-Chlorobenzoic Acid and its Chloride. 


The reaction described affords a ready and comparatively in- 
expensive method for the preparation of m-chlorobenzoic acid in 
the pure state. Technically, it could be easily carried out as an 
extension of the method of preparing benzoyl chloride by the 
direct chlorination of benzaldehyde. 

For the laboratory preparation, a quantity of benzoyl chloride 
is chlorinated in the apparatus described, until the gain in weight 
is approximately 1:1 times that corresponding with the substi- 
tution of one atom of chlorine in the molecule, and the resulting 
liquid fractionated at a low pressure. 

For comparatively pure m-chlorobenzoyl chloride (containing 
some para-compound), continued refractionation with an efficient 
column is required, the fraction corresponding with 99°/12 mm. 
being collected. 

For the greatest yield of pure m-chlorobenzoic acid, the whole 
fraction corresponding with 96—118°/12 mm. is hydrolysed by 
boiling with three or four times its weight of water under reflux, 


‘HE LABILE NATURE OF THE HALOGEN ATOM, ETO. PART VI. 2527 


cooled, and the acid filtered off. This is converted into the barium 
salt, fractionally crystallised from water, and the fractions con- 
taining the meta-compound dissolved in boiling water and pre- 
cipitated with dilute hydrochloric acid. The resulting acid: is 
recrystallised from 30 per cent. acetic acid, and then from benzene 
to the required purity. A more rapid method, giving a smaller 
yield, is to collect the fraction corresponding with 97—102°/12 mm., 
similarly hydrolyse this, and then directly recrystallise the acid 
from 30 per cent. acetic acid and finally from benzene. 


Summary. 


Benzoyl chloride was found to be capable of chlorination in 
presence of anhydrous ferric chloride. 

Analysis of the reaction product was carried out by fractional 
distillation, hydrolysis of the fractions, and use of a solidification- 
point method which was worked out for the resulting acid mixtures. 
The proportions in which the three monochlorobenzoyl] chlorides 
were formed were shown to be: ortho 14°5, meta 83°5, para 2°0 per 
cent. 

The reaction is of value as a method for the preparation of pure 
m-chlorobenzoic acid. 


In conclusion, one of us (G. C. R.) desires to express his thanks 
to the Committee of Scientific and Industrial Research for a grant 
in 1920—21 which has enabled him to participate in this research. 


Dyson Perrins LABoratory, 
Oxrorp UNIVERSITY, [Received, August 10th, 1922.] 


CCC.—The Labile Nature of the Halogen Atom in 
Organic Compounds. Part VI. The Action of 
Titanous Chloride and of Ammonia on Represent- 
ative Halogen Compounds. 


By Ian Armstrone Biack, Epmunp Laneiey Hirst, and 
ALEXANDER KILLEN MACBETH. 


Ir has already been shown that certain types of organic halogen 
compounds possess marked oxidising properties, and previous papers 
in this series have dealt with the removal of the halogen atom from 
such compounds on treatment with various reducing agents. The 
reduction of the halogen-substituted nitroparaffins by hydrazine 
hydrate was examined by Macbeth and Pratt (T., 1921, 119, 1356), 
and the work was extended to the action of acid reducing agents, 
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such as titanous chloride, on a similar series of compounds (Henderson 
and Macbeth, this vol., p. 892). It was shown that under certain 
conditions of molecular structure the halogen atom was removed, 
and the nitro-group attacked, during titanium reductions; and 
attention was directed to the fact that such labile halogen atoms 
might be regarded as possessing an electropositive character. The 
action of hydrazine on a further series of substances containing this 
characteristic type of electropositive halogen was studied by Hirst 
and Macbeth (this vol., pp. 904, 2169), and it was found that solutions 
of hydrazine hydrate were readily oxidised by these compounds, 
nitrogen being quantitatively liberated. The substances found to 
be reactive include the bromo-derivatives of certain diketones, the 
chloro- and bromo-derivatives,of the malonic esters, and nitrogen- 
haloids such as the chloroamides, succinchloroimide, and _ the 
sulphonchloroamides. It seemed of interest further to extend the 
work and determine if the halogen atoms in compounds of the above 
type are susceptible to reduction by titanous salts, and if the oxidising 
power of the substances is sufficient to liberate nitrogen from 
ammonia, parallel to the reaction observed with hydrazine hydrate. 

The nitrogen-haloids are found to be readily reduced by solutions 
of titanous chloride, the reaction taking place quantitatively in the 
cases examined. <A quantity of the reagent equivalent to two atoms 


of hydrogen is required for the reduction of the gram-molecular 
quantity of the sulphonchloroamides, four equivalents being required 
for the sulphondichloroamides. The reactions are expressed in the 
following general equations : 


R-SO,K:NX + H, = R-SO,K:NH + HX. 
R-SO,-NX, + 2H, = R-SO,:NH, + 2HX. 


N-Chloroacetanilide, acetobromoamide, succinchloroimide, and 
succinbromoimide are also quantitatively reduced, a quantity of 
titanous chloride solution equivalent to two atoms of hydrogen being 
required for the reduction of the gram-molecular quantity of each of 
these compounds. 

Mono- and di-bromomalonamide are also acted upon by titanous 
chloride, the bromine atoms being removed in the reduction. Two, 
and four, equivalents of hydrogen are required for the reduction in 
the respective cases. 


CHBr(CO-NH,), -++ H, = CH,(CO-NH,), + HBr. 
CBr,(CO-NH,), -+ 2H, = CH,(CO-NH,), -+ 2HBr. 


Nitromalonic ester requires six hydrogen equivalents for the 
reduction of the nitro-group, and ethyl bromonitromalonate requires 
eight equivalents for the reduction of the gram-molecular quantity. 
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The bromine atom is therefore removed from the bromonitro-ester 


lerson 

rtain ff during the reaction. This behaviour is in contrast with that of mono- 

Oved, # pbromonitromethane on the one hand and that of the bromomalonic 
and ff esters on the other. The halogen atom in the nitroparaffin with- 


toms ff stands the action both of titanous salts and of hydrazine, and the 
The  pbromomalonic esters, although reactive with hydrazine, are only 
this ff partly reduced after prolonged treatment with titanous chloride. 


As the titanium reductions were carried out under similar conditions 


tions @ in all cases, the resistance to reduction can only be ascribed to a 
nds, §§ difference in the reactivity of the compounds. Marked differences 
d to @ in the reactivities are to be expected from the point of view of the 
the §f alternate effect in the molecule. The polarities of the oxygen atoms 


of the nitro-group in bromonitromethane do not endow the halogen 
atom with an electropositiveness sufficient to make it reactive with 
either hydrazine or titanous salts; in bromonitromalonic ester, the 
efiect of the nitro-group is reinforced by that of the carbethoxy- 
groups and the very positive bromine atom is readily removed both 
by hydrazine and by titanous chloride; and in the bromomalonic 
esters the effect of the carbethoxy-groups makes the halogen suffi- 
ciently positive to react with hydrazine, but in the absence of the 
reinforcing effect of the nitro-group the halogen is not of a sufficiently 
electropositive nature to be susceptible to reduction by titanous 


ms 
lar salts. 

ed Some observations have already been made on the action of 
he organic halogen compounds on ammonia. Hoffmann (Ber., 1882, 


15, 407) pointed out that aliphatic bromo-amides oxidise ammonia, 
liberating nitrogen. Willstatter and Hottenroth (Ber., 1904, 37, 
1780) later showed that the bromine atom is removed from ethyl 
bromonitromalonate when gaseous ammonia is passed into an 


id ethereal solution of the ester, the product being the ammonium salt 
of of ethyl nitromalonate ; the same product is obtained when the ester 
ig is shaken with strong aqueous ammonia. In contrast with this, it 
of was noted that concentrated aqueous solutions of ammonia acted on 


methyl bromonitroacetate on long standing, but the halogen atom 
was not removed, as the product of the reaction was found to be 
bromonitroacetamide. This behaviour is to be expected, for the 
halogen in bromonitroacetic ester is not of so positive a character 
as the bromine in the corresponding malonate, the latter being 
subjected to the influence of an additional carbethoxy-group. 

More recently, Short (T., 1921, 119, 1445) has shown that the halo- 
gen atom is removed from N-chloroacetanilide by the action of 
ammonia, and has based a method of estimation on measurement of 
the nitrogen evolved when a stream of dry gaseous ammonia is 
passed into a solution of the halogen compound in dry benzene. In 
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the present work it is found that ammonia is readily oxidised by many 
nitrogen haloids, and measurement of the nitrogen evolved shows 
that the reaction probably takes place quantitatively. The results 
obtained, however, are slightly low and the reaction cannot be 
recommended as the basis of a method of estimation, not only on 
account of the low results obtained, but also by reason of its cumber. 
some nature compared with the hydrazine method. 

Succinchloroimide and succinbromoimide react vigorously with 
concentrated aqueous solutions of ammonia, the results obtained 
being from 1—4 per cent. low when calculated according to the 
equation 

3R:NCl + 2NH, = 3R:NH + N, + 3HCl. 


Sulphondichloroamides also react readily with ammonia, but the 
results obtained in such cases are also about 3 per cent. low. 

Aqueous ammonia was found to be without reducing action at the 
ordinary temperature on the bromomalonic esters, bromomalon- 
amides, the halogen derivatives of diketones such as acetylacetone, 
1 ; 1-dimethyleyclohexane-3 : 5-dione, and  cyclohexanespirocyclo. 
hexane-3 : 5-dione, Potassium derivatives of sulphonmonochloro- 
amides, such as chloramine T, were also found to be unattacked. 


EXPERIMENTAL. 


The titanium solutions employed in the reductions were prepared 
by boiling 500 c.c. of commercial titanous chloride (15 per cent. 
solution) with 800 c.c. of concentrated hydrochloric acid for a few 
minutes. The resulting solution was diluted with 3:5 litres of water 
and transferred to a storage apparatus of the usual type. The solu- 
tion was standardised with methylene-blue and potassium chlorate, 

In the estimations, the substance under examination was boiled 
gently under reflux for about thirty minutes with an excess of the 
titanous chloride solution, a slow stream of carbon dioxide being 
passed through the apparatus during the entire reduction. After 
cooling, the excess of titanous chloride was determined by direct 
titration with a standardised solution of iron alum. 19,000 C.c. 
of the titanous chloride solution were found to be equivalent to 
2 grams of hydrogen, so 1 c.c. of the solution corresponds with 
0°001866 gram of chlorine or 0°004206 gram of bromine, if the 
reduction follows the course 


RX + H, = R-H+ HX. 


The apparatus employed in the estimations with ammonia consists 
essentially of a narrow-mouthed, graduated cylinder (50 c.c.), a 
burette, and a 100 c.c. Tennant nitrometer with second limb attach- 
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ment. ‘The substance under examination is placed in the graduated 
vessel and covered with a little water. A two-holed stopper is fitted 
into the mouth of the vessel, the burette being attached through 
one of the holes whilst a side tube leading to the nitrometer is fitted 
into the other. The nitrometer is filled with dilute hydrochloric 
acid. An excess of concentrated aqucous solution of ammonia 
(d 0°880) is slowly run in from the burette, and the nitrogen evolved 
drives air over into the nitrometer. The burette is now filled with 
concentrated hydrochloric acid coloured with litmus, and this is 
run into the graduated flask until excess of acid is present. The 
whole apparatus is left for about thirty minutes, and the gas in the 
nitrometer then measured at atmospheric pressure. The volume 
of liquid introduced into the graduated vessel is noted and deducted 
from the volume of the gas measured in the nitrometer. 

N-Chloroacetanilide.—0'3743 Gram was washed into a small flask 
and boiled under reflux with 50 c.c. of titanous chloride solution, 
39°7 c.c. being required for the reduction. The result corresponds 
with 19°79 per cent. of chlorine, the percentage purity of the sample 
being 94°67. Estimation with hydrazine hydrate gave a value of 
19°65 per cent. of chlorine, which corresponds with 94:0 per cent. 
of N-chloroacetanilide in the sample. 

Potassium Benzenesulphonchloroamide.—A sample was dried on 
the water-bath, and 02398 gram, when heated under reflux with 
titanous chloride solution, required 19-4 ¢.c. for reduction, The 
result corresponds with 15:1 per .cent. of chlorine (Theoretical, 
15°46 per cent.). 

Benzenesulphondibromoamide.—On heating 0°1500 gram of an 
impure sample of this substance under reflux with titanous chloride 
solution, 10°1 ¢.c. of the reagent were required for the reduction. 
The result corresponds with 28°31 per cent. of bromine, present as 
NBr, and the percentage purity of the sample is 56°18. Estimations 
with hydrazine and with potassium iodide gave an average value of 
56°5 per cent. for the purity of the compound. 

Acetobromoamide.—0°2628 Gram required 16°8 c.c. of titanous 
chloride for reduction. The bromine present as NBr therefore 
amounts to 26°88 per cent., and the sample contains 46°43 per cent. 
of acetobromoamide. Estimations by the hydrazine method gave 
a value of 26°84 for the bromine content, corresponding with a 
percentage purity of 46°3. 

Potassium 2-Nitrotoluenc-4-sulphonchloroamide.—An aqueous solu- 
tion of this compound was prepared containing 1°4566 grams in 
25 ¢.c., and 2°5 c.c. of this solution, on being heated under reflux 
with titanous chloride, required 35°89 c.c. for complete reduction. 
The molecular quantity therefore requires a volume of titanous 
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chloride solution equivalent to 7:53 (approximately 8) grams 
of hydrogen. The halogen atom is therefore removed in the 
reduction. 

Dichloramine T.—A commercial sample was examined and 0:2396 
gram required 34°57 c.c. of titanous chloride for reduction. The 
sample therefore contains 90°7 per cent. of p-toluenesulphondichloro. 
amide. The substance reacts readily with ammonia, nitrogen being 
liberated almost quantitatively. 0°3580 Gram was found to liberate 
21°4 c.c. of nitrogen at 16°5° and 740 mm. This corresponds with a 
content of 87°7 per cent. of the dichloroamide, the result being about 
3 per cent. lower than the values obtained by other methods. 

Succinchloroimide was quantitatively reduced by titanous chloride, 
0°1336 gram requiring 19°05 c.c. of the reagent for complete reduc. 
tion. This corresponds to a percentage purity of 100°1. The 
compound reacts with ammonia with the rapid evolution of nitrogen. 
0°4020 Gram liberated 24:2 c.c. of nitrogen at 14° and 733 mm., 
which gives a value for the percentage purity of 98°74. Estimations 
by the potassium iodide, thiosulphate, and hydrazine methods 
showed the sample to be pure, and the results obtained with ammonia 
are therefore low. 

Succinbromoimide.—A pure sample was examined and gave 
concordant results in hydrazine, thiosulphate, and titanium esti- 
mations. The ammonia value was again low. 0°6920 Gram reacted 
quickly with ammonia and liberated 30°4 c.c. of nitrogen at 16°5° 
and 736 mm., which gives a value of 95°63 per cent. for the purity 
of the sample. 

Ethyl Nitromalonate-—An alcoholic solution was prepared con- 
taining 2°05 grams of nitromalonic ester in 25 c.c., and 2 c.c. of this 
solution were heated under reflux with titanous chloride solution; 
45:1 c.c. of the reagent were required for the reduction. The mole- 
cular quantity, therefore, requires a volume of the reagent equivalent 
to approximately 6 grams of hydrogen, so the reduction of the nitro- 
group is quantitative. 

Ethyl Bromonitromalonate.—An alcoholic solution was prepared 
containing 2°84 grams in 25 c.c., and 2 c.c. required 59°6 c.c. of 
titanous chloride for complete reduction. The molecular quantity 
therefore requires a volume of the reagent equivalent to 7°84 grams 
(approximately 8 grams) of hydrogen. The bromine atom is there- 
fore removed in the reduction. 

Ethyl monobromo-, dibromo-, and isobutylbromo-malonates were not 
reduced by titanous chloride solution under ordinary conditions, 
but on prolonged boiling under reflux of alcoholic solutions of the 
esters with excess of the reagent reduction took place, upwards of 
20 per cent. of the ester being acted upon. 
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Ethyl acetylbromomalonate was unattacked by titanous chloride 
even after heating under reflux for two hours. 

Monobromomalonamide.—0'1884 Gram was dissolved in 20 c.c. of 
alcohol and gently boiled with 30 c.c. of titanous chloride under 
reflux for half an hour. 19:0 C.c. of the reagent were oxidised in the 
reaction, so the molecular quantity of bromomalonamide requires 
a volume of reagent equivalent to 1°92 grams (approximately 2 
grams) of hydrogen for reduction, and therefore the bromine atom is 
quantitatively removed. The compound is without oxidising action 
on ammonia. 

Dibromomalonamide.—0°2683 Gram was dissolved in 20 c.c. of 
alcohol and heated under reflux with 50 c.c. of titanous chloride 
solution. 38°36 C.c. of the reagent were oxidised in the reaction, 
so the molecular quantity of dibromomalonamide requires a volume 
of the reagent equivalent to 3°92 grams (approximately 4 grams) 
of hydrogen for reduction. The bromine atoms are therefore 
removed in the reaction. 

Monobromomalonmethylamide was not fully reduced by titanous 
chloride after treatment extending over half an hour. 0°2088 Gram 
oxidised 16°8 c.c. of the reagent, which corresponds with an 88°5 
per cent. reduction. 
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CCCI.—Derivatives of Methylstannonic Acid; Their 
Bearing upon its Constitution. 


By Hersert LAMBOURNE. 


Ir is the object of this paper to show that the so-called methyl- 
stannonic acid is not represented by the simple formula CH,Sn0-OH, 
but is probably a complex molecule containing three atoms of tin. 
Excellent yields of this compound were obtained by modifying 
Pfeiffer’s method of preparation (Z. anorg. Chem., 1910, 68, 106). 
This author accepts Hantzsch’s view of the quadrivalency of tin 
in potassium stannite, H-SnO-OK, and assumes that in the reaction 
with methyl iodide a methyl group is substituted for the hydrogen 
atom. The present author would suggest that the name “ potassium 
stannonate ’’ for this quadrivalent tin compound would be pre- 
ferable to ‘‘ potassium stannite,” in order to distinguish it from 
the apparently non-existent stannite proper, Sn(OK),. In view of 
the undoubted quadrivalence of tin in organic compounds such as 
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methyl- and ethyl-stannonic acids, the alteration of these names 
by Glasstone (this vol., p. 65) to, for example, “ ethylstannous 
acid”’ seems difficult to justify. The term “ methylstannonic 
acid ” was originally applied in analogy with the so-called siliconic 
acids, R‘SiO-OH. These acids, described by Ladenburg (Annalen, 
1872, 164, 305; 1874, 173, 150) and Melzer (Ber., 1908, 41, 3391), 
were conclusively proved by Meads and Kipping (T., 1914, 105, 
679 ; 1915, 107, 459) to be mixtures of condensed molecules derived 
from R-Si(OH),. Kipping (T., 1912, 101, 2108, 2125) has also 
shown the existence of complex organic silicon compounds such as 
HO-SiPh,-O-SiPh,O-SiPh,-OH and O<SiPh ‘O>SiPhy. Further, 
the various inorganic silicic acids and silicates are known to be of 
considerable molecular complexity, silicon showing a marked 
tendency to form both open and closed chains of silicon and oxygen 
atoms alternately combined. The probability of the inorganic 
stannic acids exhibiting a similar tendency would here seem to be 
indicated. Thus a-stannic acid, H,SnO,, is usually regarded as 
being the first anhydro-acid of the ortho-compound, Sn(OH),; the 
author would suggest the probability of its being a polymerised 
substance, (H,SnO,),, containing alternately linked tin and oxygen 
atoms (A). 


O-Sn(OH), O-SnMe(OH) 


(A.) (HO),Sn<H.SnOH}>O — HO>S*<OSnMetoHy>? (BI 


This cyclic formula would not be out of harmony with the con- 
clusions of Collins and Wood (this vol., p. 443), who indicate a 
probable mode of condensation of the amphoteric ortho-compound, 
Sn(OH),, and mention (HO),Sn-O-Sn(OH), as a possible first 
condensation product. It would seem that in the case of the 
stannic acids, whilst the alkali salts are correctly represented by 
a comparatively simple structure, the free acids are complex sub- 
stances. The experimental evidence (gq. v.) is strongly in favour 
of methylstannonic acid having the cyclic structure (B). 

A further point in favour of such a formula is the very slight 
resemblance of methylstannonic acid to its carbon analogue, acetic 
acid, CH,-CO-OH. The stability of methylstannonic acid, and its 
insolubility in water and most organic solvents, would indicate a 
molecular complex, or some condensation product more closely 
related to the so-called siliconic acids. The nature of the new 
derivatives about to be described seems to establish fully the con- 
stitution of methylstannonic acid, as investigation of their structure 
showed them all to contain three atoms of tin linked by oxygen 
atoms. The action of acetic, monochloroacetic, formic, and benzoic 
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acids, respectively, on methylstannonic acid resulted in the formation 
of compounds which conformed to the formule 


O-COR O-COR 0-COR 
CH,-Sn—O—Sn—O—Sn-CH , 
* }.coR CH,  O-COR 


where R = CH, (I), CH,Cl (II), H (IIT), and C,H, (IV), respectively. 

The analytical data alone of these compounds were practically 
sufficient to justify the molecular formule, but in addition molecular 
weight determinations, made with I and II, confirmed the con- 
stitutions shown above. At first sight, it would appear that the 
parent substance, methylstannonic acid, should be similarly 
represented (C), 


— O = 
OH OH OH OH 


| ! | : 
(C.) ia valgus volgen CH,"Sn-O-Sn-O-Sn-CH, ) 
OH CH, OH OH CH, OH 


being derived from three molecules of the hypothetical ortho-com- 
pound, CH,*Sn(OH);, by loss of water (2 mols.). Such a formula, 
however, is contrary to the analytical data, which agree with the 
empirical formula CH,SnO°OH. Further condensation, with 
elimination of another molecule of water, would produce a cyclic 
compound, the constitution (D) of which receives considerable 
support from the existence of analogous compounds obtained from 
the acetyl (I) and formyl (III) compounds. Thus the penta-acetyl 
derivative on partial hydrolysis produced a much more stable 
triacetyl compound, which was insoluble in water and all ordinary 
organic solvents. The reaction may be represented by the follow- 
ing equation : 
scosnatncceanetc. i ihmienatinstiy 
0-CO-CH, | 
(I) + H,O —> CH, Sn—o—tn—-O—! n-CH, -+ 2CH,-CO,H. 
O-CO-CH, (H, —-O-CO-CH, 


It will be noted that this triacetyl derivative is a polymerised form 
of the monoacetyl compound, CH,*Sn0-O0-CO-CH;. That it 
conforms to the formula (CH,*SnO-O-CO-CH,);, and not to the 
simple unimolecular formula, is proved by a molecular weight 
determination in phenol (cryoscopic). Now the original penta- 
acetyl compound (I) was formed by the action of excess of glacial 
acetic acid on methylstannonic acid. If a relatively small amount 
of acetic acid was brought into contact with methylstannonic acid 
(about equimolecular proportions), the first product was found 


2536 LAMBOURNE: DERIVATIVES OF METHYLSTANNONIC ACID; 


to be identical with that obtained by partial hydrolysis of the 
penta-acetyl derivative, namely, the triacetyl compound. Further 
prolonged contact of this latter substance with boiling glacial 
acetic acid was required before reconversion into the penta-acety] 
compound occurred. These facts would seem to indicate that the 
triacetyl derivative is very similar in constitution to methyl. 
stannonic acid, and were taken as evidence of the termolecular 
structure of the latter. Continued action of acetic acid on the 
triacetyl compound broke open the ring and produced the penta. 
acetyl compound. It might be expected that complete rupture of 
the ring would occur with formation of three molecules of the 
triacetyl derivative, CH,*Sn(O-CO-CH;),, of the trihydroxide, 
CH,*Sn(OH);. It is possible that this actually does take place in 
the acetic acid solution, but the ortho-acetyl compound is too 
unstable to be isolated ; on keeping the solution after concentration, 
condensation occurs and the more complex penta-acetyl derivative 
separates. Finally, a quantitative conversion of the penta-acetyl 
derivative into the triacetyl compound was effected and the result 
was in close agreement with that demanded by the equation given 
above. 

A compound corresponding with this triacetyl derivative was 
obtained in a similar manner by partly hydrolysing the penta- 
formyl compound. This triformyl compound (constitution analogous 
to D) resembled the triacetyl derivative, being apparently of the 
same crystalline (rhomboidal) form, and showed similar stability 
towards water and ordinary organic solvents. 

A pentabenzoyl derivative was produced by the reaction between 
methylstannonic and benzoic acids, and analysis showed it to be 
of the same constitution as the other penta-substituted derivatives, 

Further work is proceeding to prove as completely as possible 
the constitution of this new type of derivative from methylstan- 
nonic acid. Attempts are also being made to produce analogous 
compounds of ethylstannonic acid. 


EXPERIMENTAL. 
Methylstannonic Acid. 


Pfeiffer’s method (loc. cit.) was modified as follows : To a solution 
of freshly prepared stannous chloride (42 grams) in water (100 c.c.) 
at 0° was slowly added, with stirring, potassium hydroxide (100 
grams) in water (400 c.c.). When nearly all the alkali had been run 
in, the precipitate first formed almost entirely redissolved, and the 
residue turned black, which was taken as an indication of the 
completion of the reaction. To the filtered solution methyl iodide 
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(30 grams) and sufficient ethyl alcohol (about 250 c.c.) were added 
to make the solution homogeneous. Three days afterwards, carbon 
dioxide was passed through the solution (under pressure), saturation 


cetyl Mi peing indicated by only faint alkalinity towards litmus. The 
t the i heavy, white, crystalline precipitate of potassium methylstannoyl 
thyl- @ carbonate, CH,*SnO-O-CO,K (Pfeiffer, loc. cit.) was filtered off, de- 
cular # composed by boiling with water, and the precipitated methylstan- 
| the @ nonic acid was washed thoroughly with boiling water. The yield was 
"nta- @ 99 grams and a further 8 grams was obtained by evaporation (on 


a water-bath) of the filtrate from the potassium methylstannoyl 
carbonate. 

Penta-acetyl Compound (Formula I).—Methylstannonic acid dis- 
solved readily in excess of boiling glacial acetic acid to give a slightly 
turbid, brown solution, which was filtered and concentrated. On 
prolonged keeping, crystalline nodules separated, which dissolved 


tive @ in hot acetic acid much more readily than did methylstannonic acid. 
etyl (rystallisation also occurred more easily, although the solution 
sult exhibited a high degree of supersaturation. Repeated crystal- 
vel @ lisation from acetic acid gave a product, flat prisms, which was 


washed with dry ether and dried over sodium hydroxide in a vacuum 
desiccator. This penta-acetyl derivative, which appeared perfectly 
homogeneous under the microscope, did not melt, but began to 
decompose at about 250°, and on complete ignition left a residue 
of stannic oxide. Atmospheric moisture hydrolysed the compound 
with liberation of acetic acid; small quantities of water and ethyl 
alcohol produced a partly hydrolysed triacetyl derivative in rhom- 
boidal crystals. It would appear that solution was effected in 
the first instance, followed by immediate precipitation of the more 
stable triacetyl compound; similar results, produced by ordinary 
chloroform and carbon tetrachloride, were probably due to small 
amounts of water present in these solvents. Excess of water 
brought about complete hydrolysis to methylstannonic and acetic 
acids, 

Tin was estimated after cautious ignition with a few drops of 
fuming nitric acid and concentrated sulphuric acid, the final product 
being stannic oxide. Estimation of acetyl groups was carried out 
by Perkin’s method and also by the benzenesulphonic acid method. 
The molecular weight determination was carried out in boiling 
glacial acetic acid (Found: C=21-34, 21-50; H = 3-31, 3°40; Sn = 
48-96, 49-01; CH,-CO = 29-62, 29-78; M= 713. C,3H,,0;.Sn, 
requires C= 21-40; H = 3:29; Sn = 48-98; CH,-CO = 29°49 per 
cent.; M = 729). 

Triacetyl Compound.—The action of a small quantity of glacial 
acetic acid on methylstannonic acid (slightly less than equal mole- 
VOL. OXXI. 4R 
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cular proportions) first changed the latter from a white, amorphous 
powder to a granular, crystalline substance, which was also obtained 
by partial hydrolysis of the penta-acetyl derivative with a small 
amount of water or alcohol. This derivative was best obtained, 
however, by adding excess of alcohol to the acetic acid solution 
of the penta-acetyl compound; on warming on a water-bath, or on 
long keeping at the ordinary temperature, the triacetyl compound 
was produced in quantitative yield. All these methods gave the 
compound in rhomboidal crystals, which were washed with hot 
alcohol and dried at 100°, or in a vacuum desiccator. Microscopical 
examination showed that the compound was homogeneous, and this 
had to be taken as the only criterion of purity, owing to its in- 
solubility in nearly all organic solvents. Heating decomposed it 
(without melting) at about 280°, leaving a residue of stannic oxide, 
This triacetyl compound was very stable; very prolonged boiling 
with glacial acetic acid reconverted it into the penta-acetyl deriv. 
ative; similar treatment with water eventually brought about 
complete hydrolysis into acetic and methylstannonic acids. The 
compound dissolved in phenol apparently unchanged, because 
alcohol or ether reprecipitated the substance in its original form 
(Found : C= 17-16, 16:98; H=2°75, 2-78; Sn = 56-90, 56-99; 
CH,°CO = 20-34, 20-20; J, in freezing phenol, = 621. C,H,,0,Sn, 
requires C = 17-23; H = 2-87; Sn = 56-94; CH,*CO = 20-58 per 
cent. ; M = 627). A weighed amount of the penta-acety]! derivative, 
repeatedly evaporated to dryness with a small quantity of alcohol, 
yielded 85-13 per cent. of the triacetyl compound. The theoretical 
yield, calculated from the equation 


C,3H.,0,.Sn; + H,O > C,H,,0,Sn, + 2CH,-CO,H, 


is 86-02 per cent. 

Monochloroacetyl. Compound (I1).—Boiling monochloroacetic acid 
(10 grams) was saturated with methylstannonic acid, and the 
cooled semi-liquid mass extracted with hot benzene. The minute 
rhombohedra deposited in the cooled extract were repeatedly 
crystallised from boiling benzene, the monochloroacetyl compound 
obtained melting at 214—224° with decomposition. It was soluble 
in alcohol or acetone and apparently hydrolysed by water. A 
partly hydrolysed derivative corresponding to the triacetyl com- 
pound has not been obtained (Found: Sn = 39-59, 39-50; Cl= 
19-65, 19-61; J/, in boiling benzene, = 899, 916. C,H, 0,.C1,Sn; 
requires Sn = 39-61; Cl = 19-69 per cent.; J7 = 901-5). 

Pentaformyl Compound (If1).—To anhydrous formic acid heated 
to boiling, small quantities of methylstannonic acid were added until 
the solution became rather viscous. With some difficulty, very 
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fne, needle-shaped crystals were obtained by concentrating the 
solution in a vacuum at the ordinary temperature, and recrystal- 
lisation from formic acid was performed in the same way. Decom- 
position (without melting) began at about 240° and appeared to 
be complete at about 280°, the usual residue of stannic oxide being 
obtained. This pentaformyl compound was readily soluble in 
water, complete hydrolysis to methylstannonic and formic acids 
occurring on boiling. Treatment with alcohol produced a 
triformyl derivative (Found: C = 14-46, 14-42; H = 2°27, 2-15; 
Sn = 54-26, 54°30. C,H,,0,.Sn, requires C = 14-56; H = 2:24; 
Sn = 54-18 per cent.). 

Triformyl Compound.—The triformyl derivative of methyl- 
stannonic acid corresponding with the triacetyl compound was 
prepared in a similar manner, namely, partial hydrolysis with ethyl 
alcohol. Excess of aleohol was added to a formic acid solution 
of the pentaformyl compound ; on warming for a short time on the 
water-bath, the triformyl compound separated in rhomboidal 
crystals. Prolonged heating was inadvisable, as further hydrolysis 
or decomposition apparently occurred with separation of a flocculent 
precipitate. The compound was filtered, washed with warm 
alcohol, and dried in a vacuum desiccator. Evidence of purity 
was again dependent on microscopical examination, as the compound 
could not be recrystallised owing to its insolubility in water and 
most organic solvents. In this respect it resembled its stable 
triacetyl analogue. It decomposed, without melting, at about 
270° (Found: C = 11-97, 11-95; H = 1-96, 2-05; Sn = 60°88, 60-85. 
C,H,.0,Sn, requires C = 12-31; H = 2-05; Sn == 61-02 per cent.). 

Pentabenzoyl Compound (1V).—Preliminary experiments were 
made with the penta-acetyl compound, which was found to dissolve 
in fused benzoic acid with expulsion of acetic acid. The anticipation 
that a corresponding pentabenzoyl derivative would be produced 
was realised, as the residue left after extraction with ether was 
found to have the expected composition. A purer compound was 
obtained as follows: To fused benzoic acid (12 grams), methyl- 
stannonic acid was added in small quantities so long as a clear 
solution was formed, 4 grams being the maximum amount which 
could be added. If the temperature was allowed to rise above 
200°, the mass darkened considerably and an impure, yellow 
product resulted. While still molten, the mass was poured on 
cold tile, then finely ground and repeatedly extracted with ether 
in order to remove unchanged benzoic acid. The white residue 
(7 grams) melted at 280—285°, and was completely soluble in boiling 
acetone, from which it crystallised in minute rhombohedra melting 
at about 272°. It was apparently insoluble in water, but readily 
4R2 
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soluble in ethyl alcohol and sparingly soluble in ethyl acetate 
(Found : C = 43-56, 43-65; H = 3-50, 3-55; Sn = 34-49, 34-54, 
C3,H;,0,,Sn, requires C = 43-88; H = 3:28; Sn = 34-38 per cent,), 


The author thanks Professor F. 8. Kipping, F.R.S., for suggesting 
this research, and for his valuable criticism and advice. 


Universiry COLLEGE, 
NorrincHAM. [Received, August 18th, 1922.] 


CCCII.—A Simplified Method for the Resolution of 
Methyl-n-hexylearbinol. 


By JoserH Kenyon. 


SoME years ago a method of resolving sec.-octyl alcohol (methyl- 
n-hexylearbinol) into its optically active forms was described by 
Pickard and Kenyon (T., 1907, 91, 2058) which may be briefly 
described as follows: The alcohol is converted into its hydrogen 
phthalic ester by heating with phthalic anhydride and this in turn 
is converted into its brucine salt, which is fractionally crystallised 
from acetone until constant rotation is reached. By this means, 
the optically pure, dextrorotatory form of the hydrogen phthalic 
ester is obtained and this on hydrolysis yields the optically pure 
dextro-alcohol. The more soluble portions of the brucine salt are 
decomposed, when a hydrogen phthalic ester of fairly high levo- 
rotation is obtained; this is combined with cinchonidine, and the 
cinchonidine salt crystallised from acetone until optical purity 
is reached. In this way, the optically pure levo-alcohol is 
obtained. 

This method of resolving sec.-octyl alcohol works quite smoothly 
and gives good results, but it suffers from two drawbacks which 
become considerable when relatively large amounts of material are 
employed ; in the first place, the solubility in acetone of the brucine 
salt of d-sec.-octyl hydrogen phthalate is very much less than that 
of the corresponding dl- or J-compound, and although this has the 
great advantage of giving a very sharp separation of the d- and the 
l-isomerides, yet it has the inevitable drawback from the practical 
point of view of requiring the employment of large volumes of 
acetone, this having proved itself by far the most useful of the 
commoner solvents for this purpose. The second drawback arises 
from a cause of an opposite character; the solubility of the cin- 
chonidine salt of l-sec.-octyl hydrogen phthalate is not consider- 
ably less than that of the dl-form, and consequently the separation 
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of the optically pure J-form of the hydrogen phthalate requires a 
larger number of crystallisations of the cinchonidine salt, and the 
proportion obtained is also much less than is the case with the 
brucine salt. 

As fairly large quantities of the optically pure forms of sec.-octyl 
alcohol were required in the course of some work, experiments 
were initiated with the view of increasing the convenience and, if 
possible, the efficiency of the method outlined above, and the 
following results have been obtained. 

It has been found that the optically active modifications of 
sec.-octyl hydrogen phthalate are much less soluble in acetic acid 
than the inactive modification, and that, in consequence, the 
aystallisation of a partly resolved sample rapidly gives the 
optically pure form of sec.-octyl hydrogen phthalate. 

The procedure can perhaps be most concisely described by giving 
the details of an actual experiment, and this is done in the experi- 
mental portion of this paper. It will be seen that the employment 
of large volumes of acetone is avoided and the use of cinchonidine 
dispensed with altogether. In addition, the actual labour involved 
is probably only about one-tenth of that required by the original 
method, and the saving of time correspondingly great. 

As the conversion of sec.-octyl aleohol into its hydrogen phthalic 
ester and its regeneration from this by hydrolysis are both almost 
quantitative reactions, it will be seen that the optically active 
sec.-octyl alcohols become substances which are readily available 
in considerable amounts. 


EXPERIMENTAL. 


To a warm solution of sec.-octyl hydrogen phthalate (278 grams) 
in acetone (600 c.c.) is added brucine (394 grams), and the mixture 
warmed until solution is complete. After cooling, the crystals 
of brucine salt (A) are filtered off, pressed, and washed in the funnel 
with acetone (250 c.c.) to remove adhering mother-liquor. The 
combined filtrate and washings are concentrated to about half bulk 
and poured into dilute hydrochloric acid, when the hydrogen 
phthalic ester separates as an oil which quickly sets to a crystalline 
mass. It is filtered off, washed with cold water, and spread on 
porous plate. It is not necessary to dry the product, but if this 
is done, it is found that its weight is approximately one-half of that 
of the hydrogen phthalate originally taken, and that it has the 
rotation in 5 per cent. solution in absolute alcohcl of [«] 546, — 47°: 

The crystals A are dissolved in the minimum amount of hot 
ethyl aleohol and decomposed by pouring the solution into dilute 
hydrochloric acid. The weight of hydrogen phthalic ester obtained 
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is about half of that originally taken and its rotation is about 
[a ]sa61 + 47°. 

These two lots of partly active sec.-octyl hydrogen phthalate are 
now separately crystallised twice from acetic acid (about twice 
their weight of 90 per cent. acetic acid being required for solution in 
each case), when they are obtained in an optically pure condition and 
possess the rotations [«];4¢; — 58°5° and [«];4,, + 58°3°, respectively, 

The amount of pure product obtained in each case was, respec. 
tively, 99 grams and 96 grams, corresponding to a yield of 70 per 
cent. of that theoretically possible. 


BatTrersea PoLYTEcHNIc. [Received, October 17th, 1922.) 


CCCITII.—Decomposition of Dithiocarbazinates. 
By Sma M. Losanircn. 


In the decomposition accompanying the evaporation on the 
water-bath of an aqueous or alcoholic solution of ammonium or 
substituted ammonium dithiocarbazinate (T., 1921, 449, 764), two 
stages are recognisable; at first, hydrogen sulphide only is evolved, 
and towards the end ammonia. The formation of the ammonium 
sulphide is evidently due to initiation of the second reaction before 
the first is completed. 

The first reaction, in the case of hydrazine dithiocarbazinate, 

NH,°NH-CS:SN,H, = H,S + NH,*NH-CS-NH-NH,, 
gives rise to thiocarbohydrazide, which is obtained pure by crys- 
tallisation of the dry residue from boiling water (m. p. 169°. Found: 
N = 52-7 per cent.) ; the mother-liquor contains the easily soluble, 
acid product resulting from the second stage of the decomposition, 
to which reference is made below. 

Ammonium dithiocarbazinate behaves differently under com- 
parable conditions, for the expected thiosemicarbazide immediately 
undergoes further changes, culminating in the formation of the 
acid product (IT) finally isolated ; it probably reacts with unchanged 
ammonium dithiocarbazinate to yield, in the second stage of the 
decomposition, ammonia and dithiocarbazinic thio-anhydride (I), 

(i) NH,-NH-CS‘SNH, = H,S + NH,-NH-CS-NH, 

(ii) NH,-NH-CS*SNH, ++ NH,°CS-NH-NH, = 2NH, + 

NH,*NH°CS:'S-CS-NH-NH, (1) 
NHN N-NH, 
HS:C-8-C-SH 
HsWN NMS ar 
SOS 


S: 


which isomerises to the modification or 
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Behaviour analogous to the preceding is shown by alkylammonium 
dithiocarbazinates when treated in a similar manner. As a result 
of a side reaction in all these cases, a small amount of thiocarbo- 
hydrazide is formed. 

The same acid product (II) is also obtained by prolonged heating 
of hydrazine dithiocarbazinate in solution : 


NH,-NH-CS-SN,H, ++ NH,-NH-CS:NH-NH, = 2N,H, + (1) > (1) 


It is to be noted, in support of the preceding explanation of the 
mechanism of the decomposition, that thiocarbohydrazide alone, 
under comparable conditions, remains unaltered, and that the 
thio-anhydride (I or II) is obtained only when the primary dithio- 
carbazinate is also present. 

The thio-anhydride (I or II), the ultimate product of decom- 
position of all dithiocarbazinates, has already been prepared in one 
operation by Busch (Ber., 1894, 27, 2518) by heating an alcoholic 
solution of carbon disulphide, hydrazine sulphate, and potassium 
hydroxide for three hours on the water-bath. He is inclined to 
regard it as the hydrazine salt of 2 : 5-dithiol-1 : 3 : 4-thiodiazole, 
NA SC<Nh SH? although the acid can be set free from this 
hydrazine salt not by dilute, but only by concentrated hydro- 
chloric acid, an indication that the strong acid produces a profound 
change in the structure of the substance. 

In view of the facts mentioned above, it is obvious that the 
dithiocarbazinate is the parent substance of the thio-anhydride, 
and therefore the proposed constitution (I or II) is more probable 
than that of Busch, the more so as it is scarcely conceivable that a 
hydrazine salt could have been produced under the experimental 
condition he employed, namely, an excess of alkali. The formation 
of the dithiolthiodiazole by the action of concentrated hydro- 
chloric acid would therefore be represented as follows : 


NHN N-NH, _, y Hy + N—N (III.) 


HS-C-8-C-SH HS-C-8-C-SH 


EXPERIMENTAL. 


Dithiocarbazinic thio-anhydride (Formula I or II) is obtained 
together with sulphur when an aqueous or alcoholic solution of 
any of the above-mentioned dithiocarbazinates is evaporated 
to dryness. The residue is dissolved in boiling water, the solution 
filtered from sulphur, cooled to remove thiocarbohydrazide by 
crystallisation, and the filtrate again evaporated to dryness. The 
residue crystallises from alcohol in needles or small plates, which 
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change at about 170° and melt at 225°. The thio-anhydride jg 
readily soluble in water, but less soluble in alcohol (Found; 
C = 13-24; H = 3-59; N = 31-20; S = 53-20. C,H,N,S, require 
C = 13-19; H = 3:30; N = 30-77; S = 52-74 per cent.). 

With methyl iodide the thio-anhydride yields 2 : 5-dimethylthiol. 
1:3: 4-thiodiazole, identical with the ether derived from the 
dithiol-thiodiazole (below). 

2 : 5-Dithiol-1 : 3 : 4-thiodiazole (Formula III) (compare Busch, 
loc. cit.) is most conveniently prepared by adding, with cooling, 
17 grams of carbon disulphide to a solution of 10 grams of hydrazine 
hydrate in 100 c.c. of alcoholic ammonia. The mixture is evapo. 
rated on the water-bath, the residue dissolved in boiling water, 
the solution filtered from sulphur and mixed with an equal volume 
of alcohol, and concentrated hydrochloric acid added until crystals 
begin to separate, which will fill the solution when it shall be cooled 
(yield 18 grams). If the addition of alcohol is omitted, the sub. 
stance will be precipitated in very small crystals. Litmus paper 
is reddened and subsequently bleached by the aqueous solution 
of the thiodiazole. 

The ammonium salt is converted by methy] iodide to the dimethyl 
ether obtained by Ziegele (J. pr. Chem., 1899, [ii], 60, 42), white 
crystals, m. p. 136—137° (Found: C = 26-41; H = 3:02;N= 
15-82. Cale., C = 26-96; H = 3-37; N = 15-73 per cent.). 


2-Thiol-1 : 3 : 4-thiodiazolyl Sulphides. 


. uN | OUN--B , , 
Th Iphide ; 
e monosulphide, Hs-t-g-1-g-¢.9-4-9H , is obtained when 


an aqueous or alcoholic solution of 2 : 5-dithiol-1 : 3 : 4-thiodiazole 
is boiled, or heated on the water-bath, for several days with 
renewal of the evaporated water ; during the progress of the reaction, 
hydrogen sulphide is liberated : 2C,H,N,S, = H,S + C,H,N,S;. 

The monosulphide crystallises in faintly yellow needles, which melt 
and decompose at 178°, and is readily soluble in alcohol or ether, 
and sparingly soluble in water (Found: C= 18°65; H = 1-09; 
N= 20°70. C,H,N,S; requires C = 18:05; H=0°75; N= 21°05 
per cent.). 

This monosulphide forms with alkali and ammonia salts which 
are readily soluble in water; those of the heavy metals are insoluble. 
The silver and lead salts are yellow, the copper salt brown, and the 
cobalt salt green. 

The dimethyl ether, S(C,N,S-SMe),, obtained from the ammonium 
salt and methyl iodide, forms colourless crystals, m. p. 71°, and 
is soluble in alcohol (Found: N= 19-71. C,H,N,S, requires 
N = 19-05 per cent.), 
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The Disulphide, 8,(C,HN,S,)., and Polysulphide, C,H,N,S8,.— 
The disulphide was prepared by Ziegele by the action of iodine on 
an alcoholic solution of 2: 5-dithiol-1 : 3: 4-thiédiazole. I find, 
however, that if the alcoholic solution is boiled with an excess of 
iodine, in addition to this disulphide there is formed a crystalline, 
yellow polysulphide, m. p. 186°, which is insoluble in alcohol. 
It is not identical with the polysulphide, (C,H,N,S;)z, obtained by 
Ziegele from the dithiolthiodiazole by means of ferric chloride, and 
has probably the structure 

yay 72 a 

CO+8-C-S-S°C-S-C 

Ss -§ 8 
(Found : C = 15-19; H = 1-10; N = 17-24; S = 67-50. C,H,N,S, 
requires C = 14:46; H = 1-20; N = 16-87; S = 67-47 per cent.). 
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I desire to express my thanks to Mr. D. Yovanovitch for some 
assistance in the analytical portion of the work. 


CHEMICAL INSTITUTE OF THE 
UNIVERSITY, BELGRADE. 
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CCCIV.—Electro-synthesis of Azelaic and Thapsic Acids. 
By Maset CARMICHAEL. 


Ar the suggestion of Professor Sir James Walker I undertook the 
electrosynthetic preparation of n-heptanedicarboxylic acid and of 
n-tetradecanedicarboxylic acid in order to compare them with 
azelaic acid and thapsic acid derived from natural sources. 

The electrosynthesis of dibasic acids as carried out by Crum 
Brown and Walker led in every case to the ester of an acid with an 
even number of carbon atoms, thus : 


200, Et-[CH,]},"CO-O’ = CO,Et-[CH,]on*CO,Et ++ 2C0,. 


In order to prepare the ester of an acid with an odd number of 
carbon atoms, such as CO,Et-[CH,],°CO,Et, it is necessary to 
electrolyse, not a single ester-salt, but a mixture of ester-salts, one 
with an odd and the other with an even number of carbon atoms, 
so that by addition the resulting number will be odd. Thus 
n-heptanedicarboxylic acid, which contains 7 CH, groups, might 
be prepared from pairs of acids containing respectively 2 and 5, 
4 and 3, or 6 and 1 CH, groups. The selection of the particular 
pair will in general be determined by the ease of preparation of 


the original ester-salts and by the ease of separation of the resulting 
4R* 
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esters or the acids obtained from them. In the present instance, the 
most suitable combination is that of suberic acid, CO,H-[CH,],°CO,H, 
with malonic acid, CO,H-CH,-CO,H, the original substances being 
readily obtainable and the resulting dibasic acids easily separable, 
The main organic products of the electrolysis of the mixture of the 
sodium ethyl compounds of these acids would be ethyl succinate, 
ethyl n-heptanedicarboxylate, and ethyl n-dodecanedicarboxylate 
produced according to the equations : 


2CO,Et-CH,CO-0’ = CO,Et-[CH,],,CO,Et + 2C0,. 
CO,Et-CH,-CO-0’ + CO,Et-[CH,],°CO-0’ = 

CO,Et-[CH,],CO,Et + 2C0,, 
2C0,Et-[CH,],CO-O’ = CO,Et-[CH,],.°CO.Et + 2C0,. 


By using excess of the malonic acid compound, we may increase 
the proportion of the n-heptane acid relatively to the n-dodecane 
acid, the large quantity of succinic acid formed simultaneously 
being easily removable owing to its solubility in water. -Heptane- 
dicarboxylic acid was synthesised in this way and proved to be 
identical with azelaic acid from the oxidation of castor oil, an 
identity which had already been established by a purely chemical 
method by Haworth and Perkin (T., 1894, 65, 86). 

By electrolysing the sodium ethyl compound of azelaic acid, 
ethyl n-tetradecanedicarboxylate was obtained. ‘The acid resulting 
from the hydrolysis of this ester was proved to be identical with 
thapsic acid derived from Thapsia. During the progress of this 
work, Stosius and Wiesler (Biochem. Z., 1920, 108, 75) published a 
paper on the same subject. Their identification was based, however, 
on qualitative solubilities and a melting-point determination, and 
further confirmation was thought desirable. 


EXPERIMENTAL. 

Preparation of Suberic and Azelaic Acids from Castor Oil.—The 
method followed was a modification of that of Markownikoff (Ber., 
1893, 26, 3089; compare Day, Kon, and Stevenson, T., 1920, 
117, 641). Instead of nitric acid being added to castor oil, the oil 
(200 grams) was run in successive small quantities into nitric acid 
(400 grams of d 1-25) contained in a flask fitted with an efficient 
mechanical stirrer. To start the reaction 1 gram of sodium nitrite 
was added to the nitric acid. The oxidation proceeded quietly 
and was completed by heating the flask for half an hour on a sand- 
bath after all the castor oil had been added. The resulting product 
was repeatedly extracted with boiling water, the aqucous solutions 
on evaporation to small bulk and crystallisation yielding 40 grams 
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of solid mixed acids. A somewhat better yield was obtained by 
first hydrolysing the castor oil and oxidising the acids obtained from 
it. Titration of the mixed acids obtained by oxidation showed that 
they were present in the approximate proportion of 1 part of azelaic 
acid to 2 parts of suberic acid. 

The method employed by Markownikoff for the separation of the 
two acids proved to be both tedious and unsatisfactory, and the 
following scheme was substituted. Advantage was taken of the 
greater solubility of azelaic acid in ether (2-7 parts per 100, as 
against 0-8 part of suberic acid). Calculating from these solu- 
bilities and the composition of the mixed acids, a quantity of ether 
was taken just sufficient to dissolve the azelaic acid. Solution was 
effected in a closed bottle provided with a mechanical stirrer. After 
one and a half hours, the contents were filtered through a Buchner 
funnel. The filtrate contained all the azelaic acid and a small 
proportion of suberic acid. After evaporation of the ether, the 
composition of the residual mixture was ascertained by titration of 
a weighed portion. Water was then added in the quantity just 
necessary to keep the more soluble suberic acid in solution at 15°. 
The temperature was then raised until the acids had completely 
dissolved. On cooling, glistening, flaky crystals of azelaic acid 
separated, the melting point being 102—104°. Recrystallisation 
from benzene gave the pure acid melting at 106°. 

The crude suberic acid (m. p. 130—135°) left in the Buchner 
funnel was purified by boiling with a small quantity of benzene, 
in which azelaic acid is easily soluble and suberic acid very spar- 
ingly soluble. The purified product melted at 139°. With this 
method of separation, 200 grams of the crude mixed acids yielded 
106 grams of pure suberic acid and 64 grams of pure azelaic acid. 


Electrosynthesis of Azelaic Acid. 


Suberic acid obtained in the manner described above was con- 
verted first into ethyl suberate and then into potassium ethyl 
suberate by the customary methods. A 50 per cent. aqueous 
solution of the ester-salt was prepared and mixed with a 50 per 
cent. aqueous solution of potassium ethyl malonate, in such pro- 
portion as to give 1 mol. of suberate to 3 mols. of malonate. The 
mixed solution was electrolysed in a platinum crucible, which acted 
as cathode, the anode being formed of a spiral of stout platinum 
wire. ‘Che current averaged 1-7 amperes with a voltage of 7-5, and 
the temperature was kept at 15° by external water-cooling. After 
two hours’ electrolysis, 4 c.c. of a pale yellow oil were obtained 
from 20 c.c. of solution. In all, 22 grams of this oil were 


obtained. 
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The oil was subjected for a short time to steam distillation in 
order to remove low-boiling esters of monobasic acids. The 
residual oil was saponified with potassium hydroxide. The acids 
liberated from the solution of potassium salts formed a sludgy 
precipitate, from which were ultimately separated succinic, azelaic, 
and n-dodecanedicarboxylic acids in accordance with the theoretical 
prediction. The separation was effected by means of water at 
60°, with filtration at the same temperature. Under these con. 
ditions, n-dodecanedicarboxylic acid is very sparingly soluble and 
may be separated by filtration. From the filtrate n-heptane. 
dicarboxylic acid crystallises on cooling, whilst succinic acid 
remains in solution. The n-heptanedicarboxylic acid obtained 
in this way melted at 103°, and on recrystallisation from benzene 
at 106° [Found: C= 57-46; H=8-49. Cale. for C,H,,0, 
C = 57-45; H = 8-51 percent. Replaceable hydrogen by titration, 
1-06; calc. for C,H,,(CO,H),, 1-06]. The acid in appearance and 
crystalline habit was similar to azelaic acid prepared from castor 
oil, and their complete identity was established by the mixture of 
the two acids melting sharply at 106°. 


Electrosynthesis of Thapsic Acid. 


Azelaic acid, prepared from castor oil, was converted into ethyl 


azelate, which was mixed with 25 parts of rectified spirit and half 
saponified in stages with potassium hydroxide in the cold. The 
potassium ethyl salt obtained after evaporation was freed from 
dipotassium salt by extraction with absolute alcohol, in which the 
latter is insoluble. A 50 per cent. aqueous solution of the potassium 
ethyl salt was electrolysed under the same conditions as previously 
described, the current averaging 2 amperes. The oily layer pro- 
duced (23 grams from 62 grams of azelaic acid) was removed by 
means of ether. The residue after evaporation of the ether was 
subjected to steam distillation until no more oil was carried over. 
A greasy solid remained on cooling, which was spread on porous 
tile and subsequently recrystallised from methyl alcohol. Finally, 
a pure white, finely crystalline solid (17 grams) was obtained 
(Found : C = 70-33, 70-15; H = 11-02, 11-11. Cale. for C,gH3,%% 
C=70-:19; H= 11-11 per cent.). The product had thus the 
composition of the ethyl ester of tetradecanedicarboxylic acid 
and from its mode of formation must possess normal constitution. 
It melted sharply at 39°. 

A portion of the ester was saponified with sodium hydroxide in 
boiling methyl alcohol solution. The alcohol was distilled off 
after completion of the action, and the aqueous solution of the 
residual sodium salt was acidified with hydrochloric acid. A 
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gelatinous precipitate was obtained which was extracted with 
ether and recrystallised from that solvent [Found: C = 67-02; 
H=10-47. Cale. for C,gH..0,, C = 67:13; H= 10-49 per 
cent. Replaceable hydrogen by titration: found 0-70; calc. for 
Cy4Hag(CO.H),, 0-71). 

The melting point, 124°, and the solubility of the acid in various 
solvents pointed to its identity with the acid of the same com- 
position obtained by Canzoneri (Gazzella, 1883, 13, 514) from the 
resin of T'hapsia garganica and named by him thapsic acid. The 
identity was further established by preparation of the anhydride 
and the anilide. The anhydride was prepared by boiling with 
acetic anhydride. On recrystallisation from ligroin, it was found 
to melt at 71°, the same melting point as that given by Canzoneri. 
The anilide was prepared by heating the acid in a sealed tube with 
excess of aniline for eight hours at 180°. The contents of the 
tube, on cooling, were shaken with dilute hydrochloric acid and 
ether. The ethereal layer was dried and distilled; the anilide 
remained as a pale violet solid, which, on recrystallisation from 
alcohol, melted at 163°. Canzoneri gives the melting point 
162—163°. 

Ethyl n-Heptenecarboxylate——According to the scheme put 
forward by Crum Brown and Walker for the electrolysis of the 
ester-salts of dibasic acids, a subsidiary product of the electrolysis 
of ethyl potassium azelate would be ethyl n-heptenecarboxylate, 
formed according to the equation 
200, Et-[CH,],-CO-O’ = CO,Et:[CH,],-CO,H + 
CH,-CH-[CH,],°CO,Et. 
This ester should be found in the portion of the electrolysed product 
volatile with steam. The steam distillate was accordingly ex- 
tracted with ether, and the ethereal solution after drying was 
subjected to distillation. After removal of the ether the small 
quantity of oil remaining distilled for the most part at 210—212°, 
It decolorised bromine, and also alkaline potassium permanganate 
in the cold (Found: C = 70-44, 70-61; H = 10-71, 10-51. Cale. 
for C,)H,,0,, C = 70-58; H = 10-58 per cent.). The ester had 
thus the expected composition and properties. The boiling point, 
as found by the method of Smith and Menzies, was 210°, 
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CCCV.—The Action of Bromine Water on Indene. 


By Joun ReaD and Eric Hurst. 


IN a series of communications dealing with the action of chlorine 
water and bromine water on unsaturated substances, it has been shown 
that these reagents function with unsuspected ease as sources of 
potential hypochlorous and hypobromous acids. In the case of 
ethylene (T., 1917, 111, 240; 1920, 117, 359, 1214), owing to the 
gaseous nature and slight solubility of the hydrocarbon, the reaction 
is comparatively slow, and, in accordance with the generally accepted 
view, the formation of halogenohydrin is promoted by cooling. The 
similar but much more rapid reactions which lead to the formation 
of halogenohydrins from cinnamic acid and certain substituted 
cinnamic acids (T., 1921, 119, 1774) and from allyl alcohol (this vol., 
p. 989) likewise yield the most satisfactory results at low temperatures, 
These observations might therefore be correlated with the tendency 
of hypochlorous and hypobromous acids to undergo decomposition 
when heated in dilute aqueous solution. Such decomposition, how. 
ever, appears also to be accelerated by sunlight, whereas in no instance 
in this series of investigations has sunlight proved detrimental to 
halogenohydrin formation; the formation of ethylenebromohydrin, 
indeed, appears to be promoted by conducting the reaction in bright 
sunlight (loc. cit., p. 1221), 

It was thus of particular interest to discern, in the interaction 
between bromine water and indene, an instance of halogenohydrin 
formation which appeared to be promoted by the application of heat. 
The bromohydrin in question, 2-bromo-l-hydroxyhydrindene, was 
originally prepared in very unsatisfactory yield by the prolonged 
action of boiling aqueous alcohol on dibromohydrindene (Kriimer and 
Spilker, Ber., 1890, 23, 3276). Later, in utilising this substance for 
the preparation of 1-hydroxy-2-hydrindamine, Pope and Read 
(T., 1912, 101, 760) showed that it could be obtained rapidly, in 85 
per cent. yield, by adding bromine, dissolved in potassium bromide 
solution, to an emulsion of indene in hot water, whilst in the presence 
of cold water the yield declined to 70 per cent. (T., 1911, 99, 2072). 

When the reaction between bromine water and indene was sub- 
mitted to a careful quantitative examination, according to the general 
method described in previous communications, considerable difficulty 
was experienced in obtaining trustworthy data at the lower temper- 
atures owing to the formation of pasty aggregates consisting of the 
reaction products mixed with unchanged indene. On overcoming 
this difficulty by the addition of kieselguhr to the reaction mixture, a 
practically quantitative conyeysion of indene to the bromobydrin 
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occurred at the ordinary temperature, and no appreciable difference 
was observed when the reaction was carried out at 90°. The dis- 
crepancy to which reference has been made is thus to be ascribed to 
incomplete reaction, caused by defective admixture at the lower 
temperature, and the conclusion is reached that the reaction between 
bromine water and indene is not appreciably affected by raising the 
temperature to 90°. In view of the sensitiveness to heat and light 
of dilute aqueous solutions of hypobromous acid, it is very remarkable 
that bromine water when functioning as a source of potential hypo- 
bromous acid should be capable of exhibiting such indifference to 
either of these influences. That the reaction involves an intermediate 
formation of dibromide is unlikely, considering the resistance of 
dibromohyérindene to partial hydrolysis (v. supra). 

Owing, first, to the common instability of halogenohydrins in con- 
tact with hot dilute acid, and, secondly, to the oxidative action 
of warm aqueous solutions of chlorine and bromine, considerable 
difficulty exists in studying the addition of hypochlorous and hypo- 
bromous acids to unsaturated substances by the use of hot chlorine 
water or bromine water; it is hoped, however, to investigate other 
instances in which the halogenohydrin, like the bromohydrin of 
indene, is stable under the conditions mentioned. The evidence 
now available leads to the suggestion that even at high temperatures 


and in the presence of sunlight the velocity of halogenohydrin form- 
ation is much greater than the velocity of decomposition of hypochlorous 
or hypobromous acid. The complete scheme of reaction for indene 
and bromine water is summarised in the appended diagram, the 
only processes which occur to any appreciable extent being indicated 
by the thick arrows : 


Br, + HOH => HBr + HOBr > HBr + O 
| 
b 
C,H,Br, C,H,Br-OH 


Preliminary attempts to utilise chlorine water as a source of poten- 
tial hypochlorous acid in a similar reaction were unsuccessful, owing 
‘o the ready conversion of indene to tarry matter under the conditions 
adopted. It is of interest, however, that indene combines readily 
with hypochlorous acid, a 77 per cent. yield of chlorohydroxy- 
hydrindene having been obtained by this method (Weissgerber, Ber., 
1911, 44, 1443). 

Attention has already been directed (T., 1921, 119, 1775) to the 
very convenient method which is available for the preparation, in 
excellent yield, of phenylacetaldehyde from cinnamic acid by the 
successive action of chlorine water and aqueous alkali and acid. In 
a like manner, 8-hydrindone is easily accessible from indene by suc- 
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cessive treatment with bromine water, alcoholic alkali, and dilute acid, 
The two general methods involved in these operations are summarised 
in the following schemes of reaction : 


(1) R-CH:CH-CO,H -> R-CHX-CH(OH)-CO,H > 
R-CH,-CHO +- CO, -} HY, 
(2) R-CH:CHR’ > R-CHX-CHR’-OH > R-CH,-COR’ + HX. 


Heusler and Schieffer (Ber., 1899, 32, 30) have directed attention to 
the very reactive nature of the halogen in chlorohydroxyhydrindene, 
the monomethy] ether of hydrindeneglycol being produced by warming 
the substance with alcoholic sodium methoxide; in the case of bromo. 
hydroxyhydrindene the corresponding monoethy]l ether was produced 
on treatment with warm alcoholic sodium ethoxide, and this deriy. 
ative underwent hydrolysis with hot dilute sulphuric acid, yielding 
$-hydrindone. The final treatment with acid was found to be 
desirable even when the hydrolysis was effected by means of a slight 
excess of alcoholic potassium hydroxide. 


EXPERIMENTAL. 


The Interaction between Cold Bromine Water and Indene.—(1) In- 
dene was added in portions of 5 grams to 1000 c.c of water, the 
mixture being cooled to about 2° and submitted to vigorous mechan- 
ical stirring throughout the experiment. A slow current of air 
charged with bromine vapour was passed into the liquid until the 
attainment of a permanent pale yellow tint, whereupon a titrimetric 
estimation was made of the amount of hydrobromic acid con- 
tained in an aliquot part of the aqueous liquid, in accordance with 
the principle outlined in previous communications. The process 
was repeated until 20 grams of indene had been added, the progress 
of the reaction being ascertained by titration at the end of each 
stage. Towards the end of the experiment the absorption of 
bromine was slow, owing to the formation of a pasty mass con- 
taining unchanged indene. The titration values fluctuated con- 
siderably, and indicated yields of bromohydrin varying from 50 
to 70 per cent. of the amounts theoretically possible. By washing 
the pasty product with light petroleum, the solid bromohydrin 
was obtained in an almost pure condition; after two recrystallis- 
ations from methylated spirit, it melted at 130° (Found: Br = 37/7. 
C,H,OBr requires Br = 37-5 per cent.). The petroleum washings 
contained unchanged indene together with a heavy oil, which was 
reserved for further examination. 

(2) A similar experiment was carried out with the addition of 
light petroleum, the titration values being corrected in accordance 
with the results of a control experiment which indicated a slight 
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acid, 
trised 


absorption of bromine by the petroleum under the experimental 
conditions. The formation of a semi-solid mass was prevented 
by the petroleum, and the titration results corresponded with 
yields of bromohydrin varying from 75 to 85 per cent. of the 
amounts theoretically possible. The petroleum, on evaporation, 
yielded a small quantity of a heavy oil; this contained dibromo- 
hydrindene, which was probably formed largely as a result of 
reaction in the petroleum phase. 

(3) The experiment was repeated, with the substitution of 
kieselguhr (10 grams) for light petroleum. Ready absorption of 
bromine occurred, and the titrimetric estimations indicated an 


HX, 


m to 
dene, 
ming 
omo- 


uced ff almost complete conversion of indene to bromohydrin, the mean 
criv- ff value being 98 per cent. The actual weight of the solid product 
ding J collected was about 90 per cent. of the theoretical yield. 


> be 
light 


The Interaction between Bromine Water and Indene at 90°.—Six 
distinct experiments were performed, each dealing with a different 
concentration of indene, the procedure being in each instance as 


follows : 
To 1000 c.c. of water, maintained at 90°, was added in one 


In- portion a known weight of indene (5, 10, 15, 20, 30, and 40 grams), 
the f To the mixture, thoroughly emulsified by vigorous shaking, a 
lan- § 7 per cent. solution of bromine in aqueous potassium bromide was 
air § added with moderate rapidity until the attainment, after continued 
the ff shaking, of a permanent pale yellow tint. A considerable quantity 
tric J of the resulting bromohydrin remained in solution at 90°, and crystal- 
on- § lised in long, colourless needles on cooling; the remainder of the 
vith | solid product formed hard but somewhat sticky aggregates. The 
ess f aqueous filtrate and washings were freed from traces of bromine 
‘ess by the passage of a rapid air current, after which an aliquot portion 
ach | was titrated with standard sodium bicarbonate solution. The 
of f yields of bromohydrin corresponding with the titration results 
on- § ~varied from 98-5 to 100 per cent. of the amounts theoretically 
m- § possible, the mean value being 99 per cent. 
50 A preliminary control experiment showed that the amount of 


hydrobromic acid formed, in the absence of indene, under the con- 
ditions adopted was so small as to be negligible. That the high 
titration values were not due to decomposition of hypobromous acid 
or hydrolysis of the bromohydrin is also evident from the fact 
that between 90 and 95 per cent. of the calculated yield of the 
solid compound was actually collected in the six experiments 
described. 

Subsidiary Products of the Reaction—The various preparations 
of bromohydroxyhydrindene were united (480 grams) and recrys- 
tallised carefully, in an attempt to isolate the second externally 
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compensated form of the substance which is theoretically possible, 
The main product of the reaction, after recrystallisation from 
alcohol, melted at 130°, and the final mother-liquors yielded 4 
small amount of an oil, the bulk of which distilled at 130—165°; 
18 mm. (34 grams). The distillate contained 39-8 per cent. of 
combined bromine, and appeared to consist essentially of bromo. 
hydroxyhydrindene (C,H,OBr requires Br = 37-5 per cent.) 
After keeping for several weeks, the oil, which possessed a very 
irritating odour, deposited crystals; these, when separated from 
adhering mother-liquor, showed an ill-defined melting point, 
pronounced softening occurring at about 85°. The material was 
extremely soluble in most of the usual organic solvents, from 
which it was deposited as an oil. The evidence thus appears to 
indicate the formation of a small amount of an isomeric bromo. 
hydrin of low melting point and high solubility. Similar observ. 
ations have been recorded in the cinnamic acid series (loc. cit., 
p. 1776). 

The light petroleum washings of the original semi-solid separa- 
tions also yielded a similar oily product, the major portion of which 
distilled at 135—160°/18 mm. The percentage of bromine (49-1) 
corresponded in this instance with a mixture of dibromide and 
bromohydrin. 

The Conversion of Bromohydroxyhydrindene io 8-Hydrindone.— 
Bromohydroxyhydrindene was heated under reflux for half an 
hour with a 4 per cent. alcoholic solution of potassium hydroxide 
(slightly more than one equiv.). The bulk of the alcohol was then 
removed and the residue again heated under reflux with an excess 
of dilute sulphuric acid. On steam distilling the product, the ketone 
was readily obtained as a colourless, crystalline mass, in about 
75 per cent. yield. It separated from dilute alcohol in long, silky 
needles having a very faint yellow tinge. After several weeks, 
the crystals became yellow and somewhat pasty. The melting 
point of the freshly recrystallised substance was 58°; this result 
agrees with the observations of Schad (Ber., 1893, 26, 222) and 
Heusler and Schieffer (Joc. cit.), the value 61° recorded by Benedict 
and Wislicenus (Annalen, 1893, 275, 352) being doubtlessly too 
high. 
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CCCVI.—Aromatic Sulphonyl Chlorides. 
By Jesste STEWaRT. 


DvRING an investigation of certain properties of aromatic disulphides 
some difficulty was met in obtaining these substances in a pure 


nd. 

t.). ff condition and in sufficient quantity. Undoubtedly the best method 
ty — of preparation is by reduction of the corresponding sulphonyl 
mm § chlorides, but the usual method of obtaining these substances from 


the sulphonates by interaction with phosphorus pentachloride is 
somewhat troublesome when applied to large quantities and does 
not always yield a pure product, whilst thionyl chloride, which 
in some cases gives excellent yields of pure material, is not always 
applicable. Other drawbacks to the use of phosphorus penta- 
chloride are illustrated by the case of m-sulphobenzoic acid. This 
yields the dichloride, which requires partial hydrolysis before 
reduction to the thiol derivative can be advantageously effected. 
In this case it was found (T., 1921, 119, 1792) that the required 
chlorosulphonyl derivative could be readily obtained from benzoic 
acid by reaction with chlorosulphonic acid. It therefore seemed 
desirable to apply this process to other disulphides and sulphinic 
acids which were required. Several cases of the use of chloro- 
sulphonic acid in preparing aromatic sulphony] chlorides are recorded 
in literature; in some of these the isolated sulphonate or sulphonic 
acid was treated with the reagent, whilst in others the sulphonyl 
chloride was directly obtained by reaction of the aromatic com- 
pound with chlorosulphonic acid. Without attempting quite 
completely to enumerate the cases recorded, the following may be 
mentioned to illustrate the scope of the material submitted to this 
reagent. Thus benzenesulphonyl chloride (Ber., 1909, 42, 1802, 
2057), the toluenesulphonyl] chlorides (Harding, T., 1921, 119, 1261), 
m-nitrobenzenesulphonyl chloride (D.R.-P. 89997, 1896), o-nitro- 
phenol-p-sulphonyl chloride (Z. angew. Chem., 1920, 33, 8), tetra- 
hydronaphthalenesulphonyl! chloride (D.R.-P. 336615, 1921), and 
veratrolesulphonyl chloride (Brown and Robinson, T., 1917, 111, 
953) have been obtained by this process and except in the case of 
benzenesulphonyl chloride the yield and quality of the product 
appear to have been excellent. These isolated examples seemed to 
indicate the possibility of a more general application of the reagent. 
The experiments now described were undertaken for the purpose 
of this extension, with the ultimate object of finding satisfactory 
methods for the preparation of disulphides and sulphinic acids which 
are otherwise not easily obtained in quantity. In the majority 
of the cases studied, the results have heen entirely satisfactory, 
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The mechanism of the formation of the sulphonyl chlorides by this 
method has been fully discussed by Harding (loc. cit.) in the case 
of the toluene derivatives; the observations made in the progress 
of the experiments now described support his conclusion that these 
substances are formed in a secondary reaction of the sulphonic 
acid with excess of chlorosulphonic acid, the complete process 
being represented as follows : 


(i) ArH + SO,HCl = Ar-SO,H + HCI. 
(ii) Ar-SO,H + SO,HCI = Ar-SO,Cl +- H,S0,. 


In the experimental part of this paper the preparation of sulphonyl 
chlorides from p-dichlorobenzene, acetanilide, salicylic acid, p-tolyl 
methyl ether, cinnamic acid, and phenylacctic acid is described, 
In the case of p-dichlorobenzene the constitution of the sulphonyl 
chloride and of the corresponding disulphide is evident. The 
derivative obtained from acetanilide was the p-sulphony]l chloride, 
for the substance was identical with that obtained by the action 
of phosphorus pentachloride on sodium acetanilide-p-sulphonate 
(Schroeter, Ber., 1899, 39, 1566) and yielded on reduction the 
characteristic 4 : 4’-dithioacetanilide, which exists in two isomeric 
forms (Hinsberg, Ber., 1906, 39, 2429); both these were isolated. 


O-CH, OH OH 
¢ \CO.H ( cO.H 
y, 


Cis | 
CH, ‘0, O,H 
(L.) (III) 


p-Tolyl methyl ether yielded a sulphony!] chloride of the consti- 
tution (I); this follows from the facts that it is identical with the 
substance obtained from the sulphonic acid of the given structure 
and yields a sulphonic acid which is the same as that obtained from 
the amino-derivative by Gattermann’s method (Ber., 1899, 39, 
1139). The structure of the sulphonyl chloride yielded by salicylic 
acid was also determined. As might be expected, it is identical 
with the chloride obtained from sulphosalicylic acid, but the 
structure of the latter seems by no means firmly established. The 
method planned by Hirsch (Ber., 1900, 33, 3238) for determining 
the orientation of the sulphonic group was not successful, but the 
substance is commonly referred to in literature as 5-sulphosalicylic 
acid, There is no reason to doubt this structure and it has now 
been proved to be correct, for the sulphinic acid (III) obtained from 
5-aminosalicylic acid by Gattermann’s process is identical with that 
formed from the chlorosulphonylsalicylic acid (II) by reduction with 
sodium sulphite. The corresponding disulphide is readily obtained 


pt tn a ie Be 2, 06h 
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from the sulphonyl chloride by the usual methods. It has been 
stated that a substance of this character is formed by interaction of 
sulphur chloride and salicylic acid (D.R.-P. 46413, 1888), but the 
roduct of this reaction is amorphous and appears not to be the 
same as the 5 : 5’-disulphide now obtained. It is worthy of notice 
that this disulphide, like m-dithiobenzoic acid (T., 1921, 119, 1793), 
is resolved by aqueous alkali hydroxide, giving the mercaptan (IV). 
The alkaline solution, when treated with methyl sulphate, yields 
§-methylthiolsalicylic acid (V). 
CH:CH-CO,H 


(IV.) 


Cinnamic acid yields the p-chlorosulphonyl derivative (VI); this 
was identified by oxidation of the corresponding sulphonamide, 
when p-sulphaminobenzoic acid was obtained. Search for the 
o-chlorosulphony] derivative in the product was made by reduction 
to the thiol. Friedlinder has shown (Ber., 1913, 46, 1903) that 
thionaphthen is readily formed from o-thiolcinnamic acid by oxida- 
tion with alkaline ferricyanide; and since this substance is very 
easily detected, the reaction was applied to the crude thiol obtained 
by reduction of the chlorosulphonyl compound, but no thionaph- 
then was encountered. 1t is therefore evident that the o-sulphonyl 
chloride is not formed to any appreciable extent during the process 
of sulphonation under the conditions adopted. Phenylacetic acid 
is readily attacked by cold chlorosulphonic acid, but the isolation 
of the chlorosulphonyl derivative proved difficult, since the sub- 
stance is somewhat easily attacked by ice-cold water. There is 
little doubt that the least soluble portion of the product is the para- 
derivative; but the quantity available was not sufficient to permit 
this to be determined or to allow investigation of the more soluble 
portion. The few examples now described together with those 
previously recorded are sufficient to show the advantage of the 
method; more recent experiments have shown that it may be 
applied to derivatives of acetanilide, from which the aminosul- 
phinic acids and the disulphides may thus be satisfactorily obtained. 


EXPERIMENTAL. 

2 : 5-Dichlorobenzenesulphonyl chloride, C,H,Cl,"SO,Cl.—A mixture 
of p-dichlorobenzene with chlorosulphonic acid (5 mols.) was heated 
at 150° for one hour. The cooled liquid was poured over crushed 
ice, when the required chlorosulphony] derivative separated in the 
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solid state. The yield of crude material was 85 per cent. of that 
required by theory. After recrystallisation from cold alcohol, the 
substance was obtained in colourless needles which melted at 39° 
(Found: S=130; Cl= 43-2. Cale, S= 13:0; Cl = 43-4 per 
cent.). The corresponding amide, prepared in the usual manner, 
melted, after recrystallisation from hot water, at 181°; Holleman 
(Rec. trav. chim., 1911, 30, 331) gives m. p. 185—186°. 

2:5:2': 5'-Tetrachlorodiphenyl disulphide was prepared by re. 
duction of the chloride with zinc dust in boiling acetic and hydro. 
chloric acids. After three hours, the filtered liquid was cooled, the 
zine derivative of the mercaptan which was then precipitated was 
collected and decomposed with a mixture of alcohol and hydro. 
chloric acid, and ferric chloride added, the required disulphide being 
obtained in the crystalline state. The substance separated from 
warm alcohol in colourless needles which melted at 81—82° 
(Found: C= 4071; H=19; S=180. Cale, C= 404; H= 
1:7; S = 17°97 per cent.). 

Acetanilide-p-sulphonyl Chloride, NHAc*C,H,°SO,Cl.—A solution 
of acetanilide in chlorosulphonic acid (5 mols.) was kept at 60° 
for two hours. The crude product, which formed about 85 per 
cent. of the theoretical amount, was isolated in the usual manner, 
After recrystallisation from benzene, it was obtained in colourless 
needles which melted at 149° (Found: Cl=15:1; S = 13°; 
N=60. Cale, Cl=152; S=13'7; N=60 per _ cent.). 
When this substance was treated with zinc dust in boiling acetic 
acid the zinc derivative of 4-thiolacetanilide was obtained, from 
which the corresponding 4 : 4’-dithioacetanilide was prepared in the 
usual manner. This substance melted at 182° (Found: 8S = 192; 
N=8°7. Calc., S = 193; N = 8-4 per cent.) and was evidently 
the «-isomeride ; when it was kept at the atmospheric temperature, 
the @-isomeride of melting point 213—214° was formed (compare 
Hinsberg, loc. cit.). 

3-Chlorosulphonyl-p-iolyl Methyl Ether (I)—One volume of 
p-tolyl methyl ether was slowly added to chlorosulphonic acid 
(5 vols.) at 0°, and the solution poured over crushed ice, when an 
almost theoretical yield of the required chlorosulphonyl derivative 
separated in the solid condition. When dry, the crude material 
melted at 79—81°, and after recrystallisation from alcohol it was 
obtained in colourless needles which melted at 84° (Found: Cl= 
159; S=14°7. Cale., Cl= 161; S=14°5 per cent.). This 
material and the amide prepared from it (m. p. 183°) were identical 
with the corresponding substances prepared from 3-sulpho-p-tolyl 
methyl ether. 

4: 4’'-Dimethoxydi-m-tolyl Disulphide, (OMe-C,H,Me),S,.—The 
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corresponding mercaptan, which was prepared by reduction of the 
chlorosulphonyl derivative, was oxidised by treatment with ferric 
chloride. The disulphide, after recrystallisation from alcohol, 
was obtained in pale yellow prisms which melted at 67° (Found: 
¢=623; H=61; S=21°3. C,,H,,0,8, requires C = 62°7; 
H=59; S = 20°9 per cent.). 

5-Chlorosulphonylsalicylic Acid (I1).—Salicylic acid was gradually 
added to cooled chlorosulphonic acid (5 mols.), the solution kept 
at 75° for one hour, and the solid chlorosulphony] derivative isolated 
in the usual manner, particular care being taken to avoid rise of 
temperature during the decomposition with ice and to remove the 
material from contact with water as soon as possible. With these 
precautions, the yield was about 60 per cent. of the theoretical, but 
otherwise considerable loss may arise from hydrolysis of the product. 
)-Chlorosulphonylsalicylic acid separates from benzene in colourless 
prisms which melt at 169—171° (Found: Cl= 148; S = 13°8. 
(ale., Cl= 15°0; S = 13°5 per cent.). The same substance was 
readily obtained from sulphosalicylic acid by treatment with 
chlorosulphonic acid. 

5-Sulphinosalicylic acid (III) was prepared by two methods. 
j-Aminosalicylic acid was converted in aqueous solution to the 
corresponding diazonium derivative. This was treated with an 
excess Of sulphurous acid in presence of copper powder, the latter 
rmoved, and the required sulphinic acid extracted from the 
aqueous solution with ether. After purification, the product melted 
at 159° and was identical with that obtained by reduction of the 
chlorosulphonyl derivative. The yields of sulphinic acid from this 
process were very poor; but the substance is easily obtained by the 
jollowing process. 

Five grams of chlorosulphonylsalicylic acid were gradually added 
with shaking to an aqueous solution of 20 grams of sodium sulphite, 
sodium hydroxide being added, if necessary, to maintain alkalinity. 
Subsequently excess of dilute sulphuric acid was added and the 
liberated sulphinic acid removed by solution in ether. The yicld of 
crude material was 3°6 grams. The substance was purified by 
recrystallisation from ether, when it was obtained in colourless 
leedles which melted at 159° (Found: C=414; H=3:1; 
b= 15°9. Cale., C= 416; H=30; S=15°8 per cent.). This 
ulphinic acid is readily soluble in cold water; when mixed with 
henetole in sulphuric acid, it gave the characteristic blue solution. 

5:5’-Dithiosalicylic Acid—Thirty grams of zinc dust and 100 
<. of concentrated hydrochloric acid were gradually added with 
taking to an alcoholic solution of 20 grams of 5-chlorosulphony]- 
alicylic acid. When reduction was complete, the excess of zinc 
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dust was removed and the clear liquid treated with solid ferric 
chloride, care being taken that sufficient hydrochloric acid was 
present to prevent the formation of the purple iron salt. Partial 
separation of the required disulphide took place immediately, but 
this was completed by the careful addition of water. The yield of 
the crude material was about 78 per cent. of the theoretical. Tp 
purify the product, it was first treated with aqueous sodium car. 
bonate, when some ester which had been formed during the treat. 
ment in alcohol remained insoluble. The disulphide was recovered 
from the solution and then recrystallised from a mixture of alcohol 
and water, when it was obtained as a pale yellow, crystalline powder, 
which melted at 236° (Found: C= 494; H=32; S= 188 
Cale., C= 49'7; H= 3:0; S = 18°9 per cent.). 

5-Thiolsalicylic acid (IV) was prepared by reduction of the 
disulphide with glucose according to the method of Claasz (Ber, 
1912, 45, 2424). The mercaptan was set free from the alkaline 
mixture with dilute sulphuric acid and recrystallised from hot 
water. It formed small, pale yellow needles which melted at 
150—152° and were converted to the disulphide by mild oxidising 
agents. The same substance may be prepared by hydrolysis of 
the disulphide with alkali hydroxide. The latter substance was 
treated with boiling N-sodium hydroxide (8 mols.) for half an hour; 
the mercaptan was precipitated in the crystalline state when 
excess of dilute sulphuric acid was added to the alkaline solution. 

5-Methylthiolsalicylic Acid (V).—A solution of 10 grams of the 
disulphide in excess of N-sodium hydroxide was boiled for half an 
hour, cooled, and shaken with 6 c.c. of methyl sulphate. On adding 
excess of mineral acid to the clear solution, 7:2 grams of 5-methyl- 
thiolsalicylic acid were liberated. This was recrystallised from hot 
water and thus obtained as a pale buff, crystalline powder which 
melted at 126° (Found: C = 52°33; H=42; S=17°7. Cale, 
C = 522; H=43; S = 17-4 per cent.). It is evident that the 
methylthiol group is present in this substance, since it was not 
converted to a disulphide by ferric chloride. Moreover, methylation 
of the hydroxyl under these conditions can scarcely be expected 
when the difficulty experienced by Graebe (Annalen, 1905, 340, 204) 
in methylating salicylic acid is recalled. 

4-Chlorosulphonylcinnamic Acid (VI).—A solution of cinnamic 
acid in chlorosulphonic acid (about 8 mols.) was kept at 50—60’ 
for half an hour. The product was isolated in the usual manner 
and after recrystallisation from acetic acid 4-chlorosulphonyl- 
cinnamic acid was obtained in colourless needles which melted and 
decomposed at 226° (Found: Cl= 143; S=12°8. Calc., Cl= 
14-4; 8 = 13-0 percent.). 4-Sulphaminocinnamic acid was obtained 
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in the usual manner from the chloride; it formed colourless prisms 
which decomposed between 250—260° according to the rate of 
heating (compare Palmer, Amer. Chem. J., 1882, 4, 163) (Found : 
§=141; N=62. Cale., S=14:1; N =6-2 per cent.). This 
sulphonamide was oxidised by chromic acid in presence of warm 
dilute sulphuric acid. On cooling the reaction mixture after oxidation 
was complete, the product separated in the crystalline state. After 
being purified, the substance decomposed at about 280° (Found : 
§=159; N=71. Cale... S= 15:9; N =6°9 per cent.). This 
behaviour agrees with that assigned to 4-sulphaminobenzoic acid 
by Palmer (loc. cit.); moreover, the meta-isomeride melts at 233°, 
whilst the ortho-derivative melts indefinitely at a lower temperature 
than either of these and loses water. 

Chlorosulphonylphenylacetic Acid, HO,C-CH,°C,H,SO,Cl— 
Phenylacetic acid was gradually added to cooled chlorosulphonic 
acid (5 mols.). Reaction was immediate and after the lapse of a 
few minutes the solution was poured over crushed ice and the solid 
product isolated from moisture as rapidly as possible. The maximum 
yield obtained was about 35 per cent. of the theoretical. After 
recrystallisation from benzene, in which it was readily soluble, the 
chlorosulphony! derivative was obtained in colourless prisms which 
melted at 136° (Found: Cl= 15:1; S=13°6. Cale., Cl= 15:1; 
§=13°6 per cent.). The corresponding amide is readily soluble 
in water ; it separates from this solvent in shining plates which melt 


at 176°. 
I wish to express my thanks to Professor Smiles for his advice 
and for the interest he has taken in the work recorded above. 
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CCCVII.—Limits for the Propagation of Flame in 
Vapour—Air Mixtures. PartII. Mixtures of More 
than One Vapour and Air at the Ordinary Tem- 
perature and Pressure. 

By ALBERT GREVILLE WHITE. 

Ix a limit mixture, the heat given out by the burning gas mixture 

is sufficient, and only just sufficient, to enable propagation of 

flame to take place. At first sight, it would thus appear reasonable 


to assume that when two or more limit mixtures containing different 
combustibles are mixed, the mixture obtained would always be a 
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limit mixture—always assuming that the limit mixtures used ar 
all similar, that is, all lower- or all upper-limit mixtures. [f 
21, No, M3, . . . are the percentages of different combustibles found 
in the final limit mixture, and N,, N., Ns, ... are the per. 
centages of the same combustibles required to give limit mixtures 
when each is mixed with air separately, then the volume of the 
final mixture is given by the sum of a series of terms 100n,/N,, 
100n,/N., 100n,/N3, . . . and is equal to 100. We thus see that 
M,/Ny + %/No + 15/Ng3+...=1. 

This is a generalised form of the formula connecting the limits 
for the propagation of flame in combustible gas-air mixtures 
originally put forward by Le Chatelier for binary mixtures. Given 
the limits of the combustibles taken separately, it fixes the limit 
for any mixture of these in known proportions, or the amount 
of any one combustible necessary to give a limit mixture with 
known quantities of the others and of air: The formula has been 
verified experimentally by Le Chatelier (Ann. Mines, 1891, [viii], 
19, 388), Le Chatelier and Boudouard (Compt. rend., 1898, 126, 
1344), Eitner (Habilitationsschrift, Miinchen, 1902), and Coward 
and Brinsley (T., 1919, 145, 27). 

These investigators used mixtures of permanent gases, chiefly 
hydrogen, carbon monoxide, methane, and coal gas. The results 
obtained agreed fairly closely with those calculated from the 
formula, but the number of experiments was small except in the case 
of Coward and Brinsley. These authors state that the discrepancies 
found by them, although small, are greater than could be accounted 
for by experimental error. Payman (T., 1919, 115, 1436), using 
mixtures of methane with atmospheres containing varying amounts 
of oxygen, has shown that the addition rule underlying Le Chatelier’s 
formula seems to hold for a large portion of the range over which 
he worked. White and Price (T., 1919, 115, 1462), using mixtures 
of ether with acetone and alcohol, decided that the mixture law 
was followed by these vapours except for upward and horizontal 
propagation at the upper limit, when large discrepancies were 
found. Recently, Boussu (Compt. rend., 1922, 175, 30) has deter- 
mined the lower limit for the propagation of flame in various mix- 
tures of alcohol, petrol, and ether in air. He drew the conclusion 
that the mixture law was obeyed within the limits of experimental 
error, but the differences between the calculated and experimental 
values were sometimes more than 5 per cent. 


EXPERIMENTAL. 


During the present work the limit determinations were carried 
out as described in the first part of this research (this vol., p. 1244), 
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TABLE I. 


Showing the ranges that propagate flame in benzene-toluene-air 
and acetone—methy] ethyl ketone—air mixtures. 


All calculations were based on the formula given on p. 2562. 


Composition of 
Pe combustible in Upward Horizontal Downward 
Original mixture by vol. propagation. propagation. propagation. 
temper- ze ‘en an “ rn 


ature of % % : Range Range Range Range Range Range 


/o 
mixture. Benzene. Toluene. found. calc. found. cale. found. calc. 
Lower 0 100 
limits 
at 18-+-3° 
Upper 
limits 
at 60° 


o/ 
/O 
Methyl 
% ethyl 
Acetone. ketone. 
17+3° 0 100 


to co to 
So 2 
wad S 
to on 


67 


too 
s 


SS ons oe 
S°SS° BS 


except that dried air was used only for mixtures containing either 
alcohol or acetone. The two liquids to be used were weighed out 
into a well-stoppered bottle in the required proportions, and this 
mixture was then utilised for filling the tubes. Mixtures were 
never kept for any length of time before use. It was considered 
necessary to test binary mixtures only, as if the mixture law holds 
for all pairs of vapours, it presumably holds for complex mixtures. 

Four series of experiments were carried out, the first of these 
dealing with two pairs of vapours of which the limits did not 
appear to be much affected by cool flame phenomena. In the 
second series, at least one vapour of the pairs examined possessed 
a distinct cool flame. The third series was intended to test further 
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the applicability of Le Chatelier’s rule to lower limits, whilst the 
fourth consisted of experiments on pairs of vapours of which one 
was carbon disulphide. 

All limits were determined in tubes 5 cm. in diameter and 
1-5 metres long. 

Results—Series A. 

The results obtained for the first series are shown in Table I. 

As the accuracy aimed at in these experiments was of the order 
of 1 per cent., it will be seen that the deviations from Le Chatelier’s 
rule are generally of much the same order as the experimental 
error. <A definite exception occurs for upward propagation at the 
upper limit in the mixtures containing the two ketones. For 
both of the mixtures examined, the value found is very definitely 
higher than that calculated. This deviation could almost have 
been predicted from the behaviour of acetone in tubes of different 
diameters described in a previous communication (loc. cil.). It 
was there shown that the limit for upward propagation at the 
upper limit in the tubes used was greatest in a 2-5-cm. tube 
(12-95 per cent.), and least in a 7-5-cm. tube (11-80 per cent.), a 
result attributed to the relative instability of the appropriate flame 
in the larger tubes. This assumption appears to receive some 
confirmation from the present results. Le Chatelier’s rule being 
assumed to hold, calculation from the limit result for the mixture 
richer in acetone gives the limit for pure acetone in a 5-cm. tube 
as 13-4 per cent. The remarks previously made regarding the 
ignition of upper-limit mixtures of acetone in air for upward and 
horizontal propagation apply equally to corresponding mixtures 
of the two ketones in air. 

Series B. 

The limits for the propagation of flame determined for this 
series are shown in Tables II, III, and IV. 

No attempt was made to find out if any middle limit existed in 
the case of ether—acetaldehyde—air mixtures. 

Consistent results for the upper limit for horizontal and upward 
propagation were only obtained with great difficulty over a good 
deal of the ether-alcohol and ether-acetone—air ranges, and the 
figures given are certainly less accurate than those determined 
for the pure solvents. 

Owing to the intervention of the cool flame the results given in 
Tables II and III sometimes difier from those found by White and 
Price. The same conclusions can be drawn from both sets, however. 
Le Chatelier’s rule appears to be followed very well for lower 
limits and for upper limits for downward propagation, For 
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TABLE II. 


Showing the ranges that propagate flame in ethyl ether-acetone- 
air mixtures. ‘Temperature 17 + 3°. 


All calculations are based on the formula given on p. 2562. 


Composition of 
combustible in Upward Horizontal Downward 


mixture by vol. propagation. propagation. propagation. 
a a an, r ; ~ rs ~ 
% Range Range Range Range Range Range 
Acetone. found. cale. found. cale. found. calc. 
— 2-99 to _ 
8-4 


2-59 to 2-65to 2-62 to 
12-0 7-75 


12-3 and aV* 
—to— 
No 
middle 
limit 
—to 38. 
No 
middle 
limit 


2-06 to 2-03 to 2: 2:07 to 2-10 to 
41 28 } -21-0 6-65 


and 10-0 
to — 
No 
middle 
limit 
1-84 to 1-88 to 1-90 to 
48 33 6-25 


propagation upwards and horizontally, however, the calculated 
results are almost invariably far from the mark, and any agree- 
ment appears to be purely accidental. This appears to be due 
to the fact that one of the two combustibles is capable of burning 
with a cool flame. Agreement is far from satisfactory, however, 
when both combustibles give a cool flame, as can be seen from 
Table IV. The best idea of the results is obtained from Figs. 1 
and 2, in which the propagation ranges are shown graphically for 
different proportions of pairs of combustibles. 
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TABLE III. 
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Showing the ranges that propagate flame in ethyl ecther-ethy| 


alcohol—air mixtures. 


All calculations are based on the formula given on p. 2562. 


Composition of 
combustible in Upward 


Original mixture by vol. propagation. 
A rn 


Horizontal 
propagation. 


Downward 
propagation. 


temper- 
ature of 
mixture. 
Lower 
limits 
at 18+3° 
Upper 
limits 
at 60° 


Range Range 
found. ale. 
3-69 

to 

18-0 


°. oO , o/ 
/O /O 

Ether. Acetone. 
0 100 


A 


2-13 
to 
10-1 


Z a 
Range Range Range Range 
found. 


found. cale, 


3°78 


calc, 


No cool 
flame 
— to 9-6 
and 16-5 


middle 
limit 


1-84 
to 
48 

1-84 
to 
58 


TABLE IV. 


to 
33 


to 
4l 


1-88 


1-88 


Showing the ranges for the propagation of flame in ethyl ether- 


acetaldehyde-air mixtures. 


Temperature 18 + 2°. 


All calculations are based on the formula given on p. 2562. 


Composition of 
combustible by 
vol. in mixture. 


Upward 
propagation. 


Ran ge Range 


found. 
4-21 to 57 
3-20 to 47 
2-59 to 44 
2-15 to 46 
1-84 to 48 


o/ 


/O 
Ether. 


o/ 
/O 
Acetaldehyde. 


Downward 
propagation. 


Range 


Range 
cale. 


found. 
4-36 to 12-8 
3°31 to 10-1 
2-66 to 8-55 
2-20 to 7-20 
1-90 to 6-25 


3-29 to 10-1 
2-65 to 8-40 
2-21 to 7-2 


ae) 
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Fig. 1 shows the ranges that propagate flame in various ether- 
acetone-air mixtures. Flame is propagated upwards through all 
mixtures lying between the lines AB and CDE, and horizontally 
through those between AB and FGHI. The irregular form of the 
two upper lines is to be attributed to the two different types of 


Fic. 1. 
Showing the ether—acctone—air mixtures that propagate flame at 18 4- 3°. 
AB Lower limits. 
CDE _ Limits other than lowcr for upward propagation. 
FGHI Limits other than lower for horizontal propagation. 


EOD rr p= 


* Zuxe 


= 
ts] 
= 
4 
Mo 
3 
» 
> 
° 
~ € 
“~) 
v 
"Ss 
x 
Lv 
= 
a 
3 
S 
= 
FS) 
) 
a= 
— 
i} 
S 
& 
= 
] 
Co 
2 
3S 
> 
2 
S 
= 
= 
© 
~ 
~ 
Ry 


Feil 
6U 3U 100 
Percentage of ether {by volume) in the vapour used. 


fame which function, cool to the ether side, but only slightly 
modified from the normal for mixtures containing much acetone. 
The latter flame corresponds to the roughly horizontal portions, 
CD and FG, DE and GHI being lines near which the flame is cool. 
The normal flame results seem to indicate that without the cool 
flame the ether upper limits for horizontal and upward propagation 
would be lower than those of acetone, as would be expected from 
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the calorific values of these two substances. This conclusion js 
supported by the ether—alcohol curves of Fig. 2. The determination 
of two portions of the curve for horizontal propagation in this figure 
at different temperatures was made for convenience. 


Fic. 2. 
Showing the limit mixtures (other than lower) that will propagate flame in 
ether—acetaldehyde—air and ether-ethyl alcohol—air mixtures, 
A LEther-acetaldehyde—air at 18 + 2° for upward propagation. 
B_ LEther-alcohol-air at 60° for upward propagation. 
C LEther-alcohol—air at 60° for horizontal propagation. 
D_ Ether-alcohol-air at 19 + 2° for horizontal propagation. 
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The author has previously shown (loc. cit.) that by using 4 
narrower tube the horizontal propagation range of ether can be 
divided into two, (1) a cool range and (2) what may be termed 4 
normal range. Figs. 1 and 2 show that this also occurs when 
the correct amount of a suitable combustible is added to the 
ether-air mixture. In the case of acetone, it has even been possible 
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to find two distinct ranges for upward propagation, the mixture 
required containing nearly equal volumes of the two vapours. It 

is thus evident that acetone and alcohol hinder the propagation of 
the cool flame, and the curves show that alcohol has a much greater 
efect than acetone. Fig. 2 shows that the propagation of the 
cool flame in either ether or acetaldehyde is hindered by the presence 
of the other, but the effect appears to be less marked than when 
acetone is added. Fig. 4 shows, however, that the addition of 
carbon disulphide to ether has a still smaller effect on the pro- 
pagation of the cool flame. 

Series C. 

The results of the first two series showed that for the lower 
limit Le Chatelier’s rule was closely followed by the five pairs of 
substances examined. To make the test more rigorous, five 
additional pairs of substances were utilised for further work involv- 
ing only the lower limit. The mixtures used were methyl alcohol— 
ether, methyl alcohol—acetone, ethyl acetate—benzene, acetaldehyde— 
toluene, and ethyl nitrite-ether. To save space, the actual results 
are not given, but the agreement was little, if at all, inferior to that 
obtained with the first five pairs. 


Series D. 


The results of the first three series of experiments had shown 
that Le Chatelier’s rule could generally be expected to hold for 
vapour~air mixtures, except when the cool flame entered. The 
cool flame differs from an ordinary flame in two respects—in the 
type of combustion occurring and the flame temperature, either 
of which might conceivably be the reason for its quasi-independent 
propagation. The flame temperature difference would appear to 
be the one which lends itself more easily to examination. 

The author’s work on the effect of temperature on the limits 
for the propagation of flame in ammonia-air (this vol., p. 1688), 
together with a consideration of similar results for methane-air, 
seemed to show that for these two gases, at the lower limit, at 
any rate, the propagation of flame depended on the attainment 
of a flame temperature peculiar to the gas under consideration. 
Should this effect be general, it might easily occur that a mixture 
of two vapours needing very different flame temperatures for 
propagation should have a propagation flame temperature approxi- 
mating to that of the higher flame temperature over a portion of 
its range, whilst over most of the remainder only the vapour having 
the lower flame temperature would enter appreciably into the 
propagation of flame. The results of other workers previously 
tited seemed to show that mixtures of hydrogen with other gases 

VOL. CXXI. 4s 
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having propagation flame temperatures five or six hundred degrees 
higher obeyed Le Chatelier’s rule fairly well. It was considered 
expedient, however, to examine mixtures of ether with carbon 


Fic. 3. 
Showing the lower limits for the propagation of flame in mixtures of 
carbon disulphide and certain other vapours with air. 
D = downward propagation. U = upward propagation. 
The dotted line passes through all mixtures containing 201% of 
carbon disulphide. 
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disulphide, the only one of the vapours previously examined by 
the author which gave a propagation flame temperature appreciably 
different from the normal. The results obtained were so interesting 
that the work was at once extended to mixtures of carbon disulphide 
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with benzene, acetone, and acetaldehyde. The results obtained 
are given in Tables V and VI, and are shown graphically in Figs. 3 
and 4. 

An examination of the two tables shows that the formula of 
le Chatelier gives values far from those found experimentally, 
the partial agreement found over most of the range for upward 


Fic. 4. 
Showing certain limit mixtures (other than lower) for mixtures of carbon 
disulphide and air with ether and with acetone. 
D = downward propagation. U = upward propagation. 
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propagation at the upper limit in ether-carbon disulphide-air 
mixtures being obviously accidental. 

In Table VII below are given the relative calorific values of the 
amounts of various vapour—air mixtures needed to enable propa- 
gation of flame to take place at the lower limit. Over a large 
portion of the range chosen, these values are approximately equal. 
The flame temperatures theoretically attained will thus be roughly 


equal for all these mixtures, so that the relation suggested. above 
4s2 
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Showing the ranges that propagate flame in ethyl ether—carbon 


disulphide—air mixtures. 


Temperature 17 + 3°. 


All calculations are based on the formula given on p. 2562. 


Composition Composition 
; of com- of com- 
; bustible in bustible in 
, mixture mixture 
by vol. , by vol. 
a Upward ne Downward 
x % propagation. % propagation. 
Carbon = ———~ ——— Carbon 
% disul- Range Range % ~ disul- Range Range 
Ether. phide. found. calc. Ether. phide. found. cale, 
0 100 ~~ 1-40 to 46 -= 0 100 2-01 to 34 — 
1 99 228to— 1-40to — 1 99 2-53 to 24-5 2-01 to 33 
5 95 3-08to31-5 1-42 to 46 5 95 3-23 to 17-7 2-00 to 28-5 
11-7 88-3 — to 24-5 — to 46 15 85 3-30 to 13-4 1-99 to 21-0 
15 8 315to— 145to— 25 75 3-10to 11-2 1-98 to 16-1 
18 82 — to 24 — to 46-5 50 50 2-58to8-0 1-95 to 10-55 
195 80:5 —to25 —to465 75 25 2-16 to 6-90 1-93 to 7-85 
and 
36 to 40 
20:3 797 —to— —to465 100 0 1-90 to 6-25 — 
and 
— to 4l 
22 78 — to — — to 46-5 
and 
29 to 3l 
25 (5 2-95 to 48 1-49 to 46-5 
50 50 2-50 to 51 1-59 to 47 
75 25 2-10 to 50 1-71 to 47-5 
100 0 1-84 to 48 —_ 
TaBLe VI. 


Showing the limits for the propagation of flame downwards in 
mixtures of acetone, benzene, and acetaldehyde with carbon 
disulphide and air. Temperature 17 + 3°. 

All calculations are based on the formula on p. 2562. 


% 
% % Acet- 
Acetone Benzene aldehyde 


in com- Lower limit. 2 COM- Lower limit. 


in com- Lower limit. Upper limit. . ? 


bustible ————, -§_ ———"———_ 


used. Found. Cale. Found. Cale. used. Found. Cale. used. Found. Cale. 
0 201 — 34 — 0 201 — 0 201 — 
38 250 203 — — 1-7 2-32 2-00 2 2-56 2-03 
85 3:18 2-07 18:5 27-7 42 2-65 1-98 10 3-15 2-12 
149 3-44 212 — — 11-9 3-00 1-93 22:5 3-65 2-28 
25:0 3-58 2-19 12:6 19:3 20-7 2-87 1-87 50 4:22 2-75 
50 3:46 2:40 97 13-5 35 2-49 1-78 75 4:34 3-37 
vs) 3-22 2-66 860 10:35 53 2:10 1-68 100 436 — 
100 299 — 840 — 74 1-78 1-59 
100 148 — 


for propagation flame temperatures appears to hold; that is, to 
enable propagation of flame to take place, over a good part of the 
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range the flame temperature attained must be that of the compound 


rbon containing no sulphur. 


Taste VII. 


Showing the relative calorific values of certain lower-limit mixtures 
of carbon disulphide with benzene, ethyl ether, acetone, and 
acetaldehyde in air. 


Calorific value when mixture contains : 


Percentage of carbon Ether 

disulphide vapour Benzene ——— —, Acetone Acetaldehyde 
sg present in lower- (propn. (propn. (propn. (propn. (propn. ‘ 
ge limit mixture. down). down). up). down). down). ; 
0 1114 1148 1111 1205 1134 
(1-48) (1:90) (1-84) (2-99) (4:36) t 
33 25 1111 1122 1090 1187 1134 ; 
~~ (1:76) (2-16) (2-10) (3-22) (4-34) 
1-0 50 1094 1121 1086 1156 1108 
61 (2:15) (2:58) (2-50) (3-46) (4-22) 
0-55 75 1064 1084 1032 1072 986 
1-85 (2:75) (3-10) (2:95) (3-58) (3-74) 


The net calorific values used for the above table were: Benzene 
753, ether 604, acetone 403, acetaldehyde 260, carbon disulphide 265. 
The figures in brackets specify the total amounts of the mixed 
vapours containing carbon disulphide in the stated proportions 
which are necessary to give a lower-limit mixture. 
There are, however, three facts which scarcely appear to support 
the flame temperature theory. 
(1) The curves in Fig. 3 show no tendency to follow the dotted 
line drawn through all vapour mixtures containing 2-01 per cent. 
; in | of carbon disulphide: that is, the mixtures containing enough of 
bon § this compound to form a limit mixture when mixed with air alone. 
(2) The addition of a small quantity of any one of the other 
vapours examined to carbon disulphide necessitates the addition 
of a relatively large amount of the vapour mixture before a mixture 
with air will propagate flame. Thus the lower limit for downward 
propagation is raised from 2-01 per cent. to 2-53 by the addition 
mit. 9 of 1 per cent. of ether to carbon disulphide. 
‘ale. (3) The fall in the calorific value of the limit mixture as the 
proportion of the sulphur compound in the vapour used increases 
.12 § is far more pronounced the lower the calorific value of the vapour 
‘28 9 mixed with carbon disulphide—a circumstance not easily explained 
.37 § on the flame temperature theory. 
= (2) shows that any one of the four vapours used has a powerful 
inhibitory effect on the propagation of flame in carbon disulphide— 
air mixtures. In the example given, the addition of 0-025 per cent. 
of ether necessitates the use of 25 per cent. more carbon disulphide, 
if the mixture is to propagate flame. The most probable explana- 


the 


2574 WHITE: LIMITS FOR THE PROPAGATION OF FLAME 


tion would appear to be that the normal propagation of flame in 
carbon disulphide—air mixtures is a catalysed action. 

The natural idea on coming to this conclusion is that what we 
may perhaps term the fundamental limit for carbon disulphide in 
air may agree with the calorific value rule, shown earlier to hold 
for the other vapours examined. For downward propagation the 
calculated lower limit for carbon disulphide would be about 4:3 per 
cent. An examination of Table VIII shows that it appears to be 
4-0 per cent. 

Tare VIII. 


Showing how the experimental values for the lower limit for the 
propagation of flame in vapour—carbon disulphide—air agree with 
those calculated from Le Chatelier’s rule, taking the limit for 
downward propagation to be 4-0 per cent., that for upward 
to be 3-8 per cent. in carbon disulphide—air. 


Percent- ae , , , 
age of CS, Lower limit when remainder of vapour is : 

vapour’ Benzene. Ether. Ether. Acetone. Acetaldehyde. 
present Downward Downward Upward Downward Downward 


in lower- propagation. propagation. propagation. propagation. propagation. 
Oo) | a a a I a a ea See ae 
mixture. Found. Cale. Found. Cale. Found. Cale. Found. Cale. Found. Cale. 


0 1-48 — 1-90 = 1-84 — 2-99 — 436 — 
25 1-76 1-76 2-16 2-19 2-510 2-11 3-22 3-19 4:34 4-26 
50 2:15 2:16 2-58 2-58 2-50 2-48 3-46 3-42 4:22 4-17 
75 2:75 2-81 3-10 3-13 2-95 3-00 3-58 3:69 3-74 4-08 

100 2-01 — 2-01 —_— 1-40 -- 2-01 — 201 — 


The agreement of the calculated and experimental values is 
generally surprisingly good. The agreement is naturally poor 
when the proportion of the disulphide in the mixture becomes 
very high. This is noticeable much earlier with acetaldehyde than 
with the others. 

The upper-limit results shown in Fig. 4 confirm the conclusions 
drawn from the lower-limit figures, but the inhibitory effect does 
not appear to reach its maximum value so soon, and therefore 
calculated results are far less regular. The fundamental value 
for the upper limit for propagation downwards in carbon disulphide 
would appear to be in the neighbourhood of 12 per cent. 

The theory that the normal combustion of carbon disulphide 
is catalysed appears to cover satisfactorily the facts available, 
and it is difficult to see how any other would meet the case so 
well. The phenomenon is presumably due to the sulphur, and 
in this connexion it is interesting to recall the behaviour of phos- 
phorus, more particularly as studied by Rayleigh (Proc. Roy. 
Scc., 121, [A], $9, 372). He showed that a periodic luminosity 
‘exhibited by phcsphorus under certain conditions was inhibited 
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by several oils, certain other organic substances, ammonia, and 
water. The amount of water required to give this effect appeared 
to be relatively large. Rayleigh suggested that the propagation 
of a luminous pulse through a phosphorus—air mixture was due to 
the provision of nuclei facilitating the action by the combustion 
of phosphorus. He supposed the inhibiting substances to act by 
taking prior possession of the nuclei, thus making them unavailable 
for assisting propagation. Bigelow (Z. physikal. Chem., 1898, 
96, 493) found that certain organic substances, such as alcohols, 
phenols, and benzaldehyde, had a similar inhibitory effect on the 
oxidation of sodium sulphite by atmospheric air. 

The propagation of flame in carbon disulphide—air is presumably 
catalysed by some product of the combustion, and this effect is 
inhibited by the presence of any appreciable quantity of any of 
the combustible vapours tried. When carbon tetrachloride was 
used, however, it was found that no appreciable change took place 
in the value of the lower limit of carbon disulphide. Thus in air 
the limit was 2-01 per cent., in air containing 0-04 per cent. of 
tetrachloride it was 2-01 per cent., and in air containing 0-10 per 
cent. of tetrachloride it was 2-00 per cent. Similar results were 
obtained with carbon dioxide, so that under certain conditions 
ether would appear to be a better fire extinguisher than either of 
these two compounds. Certain combustible gases tried seemed to 
have relatively little effect on the limit of carbon disulphide, and, as 
has been mentioned in a former communication, fair differences in the 
amount of water vapour present did not affect the limit appreciably. 

The explanation of propagation in carbon disulphide—air now 
advanced throws some little light on other facts. Thus in a former 
communication (loc. cit.) special note was made of the abnormal 
behaviour of this compound at both limits when a comparison 
was made of the limits for upward and downward propagation. It 
is now seen that the disulphide cool flame could scarcely be expected 
to behave like that of ether or acetaldehyde, and it is relatively 
much easier to understand how the great difference between upward 
and downward propagation occurs at the lower limit. The magni- 
tude of this difference is not easily accounted for on purely thermal 
grounds, and it appears at least possible that the propagation of 
flame in hydrogen-air mixtures is also catalysed in some way. The 
lower limit for upward propagation in this case is less than half 
that for downward, and there is a further difficulty inasmuch as 
the calorific value of the lower-limit mixture for upward pro- 
pagation appears to be insufficient to raise the mixture to its 
ignition temperature. 

The inhibitory effect of certain vapours on the combustion of 
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carbon disulphide might conceivably provide a test for the detection 
of small amounts of these in air. 


Summary. 

Limits for the propagation of flame have been determined in 
various mixtures of two combustible vapours and air. For all 
the vapours used except carbon disulphide, the mixture results 
for the lower limit for all directions of propagation and for down. 
ward propagation at the upper limit agreed very well with those 
calculated from the formula proposed by Le Chatelier. Good 
agreement was obtained throughout in the case of benzene- 
toluene mixtures, but those containing acetone appeared to be 
affected by the anomalous behaviour previously observed when 
examining this compound alone. 

In no case did Le Chatelier’s rule hold for any direction in which 
one of the two vapours under examination could propagate a cool 
flame. When the second vapour gave no cool flame under these 
conditions, the propagation of a cool flame in the mixture appeared 
to: be hindered by the presence of the second vapour. Some vapours 
were more effective than others in thus hampering cool flame 
propagation. By the addition of a vapour giving no cool flame 
to ether-air, it was found possible to divide the mixture-air pro- 
pagation range into two, a cool and a normal range, even for upward 
propagation. 

Mixtures containing carbon disulphide gave results differing 
considerably from those calculated from Le Chatelier’s formula. 
For mixtures which did not contain too much carbon disulphide, 
the calorific value of the amount of vapour required to give a 
lower-limit mixture was always much the same. For reasons given, 
however, it was decided that ordinary propagation in carbon di- 
sulphide—air was probably catalysed, presumably by some product of 
the combustion, but that this catalytic process was inhibited by 
such vapours as benzene, ether, acetone, and acetaldehyde, although 
apparently unaffected by small quantities of carbon dioxide and 
carbon tetrachloride, and little affected by certain combustible 
gases. The uncatalysed limits for downward propagation in carbon 
disulphide—air would appear to be about 4-0 per cent. and 12 per 
cent., values agreeing fairly well with the calorific value rule put 
forward in Part I. The catalytic character assumed for the com- 
bustion process appears to go some length towards explaining the 
relative values found for the upward and downward limits for 
propagation in the case of this compound. 

Further work is now in progress on the phenomena observed 
when examining carbon disulphide. 
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CCCVIII.—The Resolution of Tropic Acid and the 
Stereochemical Configuration of the Cinchona 
Alkaloids. 


By Harotp Kine and Atpert DonaLp PALMER. 


Iv the developments of modern chemotherapy, the cinchona group 
of alkaloids occupies one of the most important positions. This is 
due to their availability in quantity, to the ease with which their 
structure can be modified in manifold directions, to the pronounced 
antimalarial and bactericidal actions of certain members of the 
group, and the recently discovered value of some in the condition 
of auricular fibrillation. Owing to the number of workers in this 
field, resulting in the ever-increasing production of a great number 
of derivatives of these alkaloids, an understanding of the exact 
stereochemical interrelation of the main members of the cinchona 
alkaloids is essential. 
The chief alkaloids are embraced by the formula 


(2) 


N 
i VAN 
e( \) CH, | AN H,* CHR” 
<—CH(OH}——G bes i, 
(3)\ 
a 
N 


where R’ = H,R” = -CH:CH, in cinchonine and cinchonidine. 

R’ = H,R” = -CH,°CH, in hydrocinchonine and hydro- 
cinchonidine. 

R’ = OMe,R” = -CH:CH, in quinine and quinidine. 

R’ = OMe,R” = -CH,-CH, in hydroquinine and hydro- 
quinidine. 

R’ = OEt,R” = -CH,°CH, in ethylhydrocupreine and ethy]l- 
hydrocupreidine. 


In the van’t Hoff sense, they each contain four asymmetric 
carbon atoms, numbered (1) to (4). These are the foci where the 
spatial interchange of groups or radicles is reflected in a change in 
4s* 
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the magnitude of the specific rotatory power. Thanks to the work 
of Rabe (Annalen, 1910, 373, 89; Ber., 1922, 55, [B], 528) it is 
known that the spatial distribution of the groups around carbon 
atoms (1) and (2) is the same in all the above-named alkaloids and 
is dextrorotatory in total effect, and that the spatial distribution 
about carbon atom (3) is different in each of the pairs named, being 
dextrorotatory in cinchonine, quinidine, and their hydro-derivatives 
and in ethylhydrocupreidine, but levorotatory in cinchonidine, 
quinine, and their hydro-derivatives and in ethylhydrocupreine. 
The spatial distribution of groups around carbon atom (4), whether 
dextro or levo in effect, was unknown, but is elucidated in 
this communication. Consequently, although d-cinchonine and 
d-hydrocinchonine, for instance, differed from d-quinidine and 
d-hydroquinidine, respectively, by a methoxyl group, it was doubtful 
whether stereochemically a demethoxylated quinidine would be 
cinchonine or an unknown stereoisomeride. 

As one of the present authors (T., 1919, 117, 476) had shown that 
when tropic acid is resolved by /-quinine, the most sparingly soluble 
salt is /-quinine d-tropate, but when resolved by d-quinidine, the 
most sparingly soluble salt is d-quinidine /-tropate, it was thought 
that in a closely allied group of alkaloids, like the cinchona group, 
the stereochemical factor might be of determining influence on the 
solubility of the various combinations with d- and /-tropic acid, so 
that from the experimental results one might be able to say with 
some degree of certainty that cinchonine, hydrocinchonine, quin- 
idine, and hydroquinidine were stereochemically related, as were 
cinchonidine, hydrocinchonidine, quinine, and hydroquinine. The 
experimental results obtained, while of great interest, fail to throw 
any light on the stereochemical factor, but show the great sensitive- 
ness of solubility to other influences. The results are tabulated 
below. 


Alkaloid. R’. R”. Least soluble tropate. 
d-Cinchonine 


1 cur 

l-Cinchonidine yj & CH:CH, lwvo. 
d-Hydrocinchonine \ on. extro. 
ne J H CH, CH; —_ 
-Quinine \ _ extro. 
-Hydroquinine P P extro. 
d-Hydroquinidine j OMe CH, CH; — 
l-Ethylhydrocupreine ; F , xe2V0. 
d-Ethylhydrocupreidine } OEt CH, CH; dextro. 
d-Cinchotoxine H -CH:CH, levo. 
d-Quinotoxine * OMe -CH:CH, levo. 


* In cinchotoxine and quinotoxine, the asymmetric carbon atoms (3) 
and (4), ~CH(OH)-CH, lose their asymmetry, becoming —CO-CH,- with 
simultaneous formation of secondary nitrogen. 


(3) 
ith 
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It is at once seen that mere reduction of the vinyl group is of 
influence, at least apparently, for although the dihydro-derivatives 
of quinine and cinchonidine resolve tropic acid in the same direction 
as the parent alkaloids, hydroquinidine, unlike quinidine, is unable 
to resolve the acid, the partial racemate being the most sparingly 
soluble salt. Again, whilst the levorotatory alkaloids, cinchonidine 
and hydrocinchonidine, give the l-tropate as the least soluble salt, 
the derivatives, quinine and hydroquinine, differing from the 
former two by a methoxyl group, bring out the dextro-component. 
The replacement of the methoxyl group in hydroquinine by the 
ethoxyl group, as in ethylhydrocupreine, is sufficient, again, to 
change the direction of resolution. The reverse change in the 
direction of resolution is observed in the substitution of ethyl- 
hydrocupreidine for quinidine, the sole constitutional changes being 
addition of hydrogen and replacement of methoxyl by ethoxyl. 
In the case, however, of cinchotoxine and quinotoxine, where, again, 
the sole difference is substitution of methoxyl for hydrogen, both 
resolve tropic acid in the same direction. Pasteur (Compt. rend., 
1853, 37, 166), on the contrary, found that cinchotoxine and 
quinotoxine resolved r-tartaric acid in different directions. In 
connexion with this curious effect of the replacement of hydrogen by 
methoxyl or ethoxy], it is of interest to recall that when methoxy- 
or propyloxy-succinic acid is resolved by strychnine, the levo-acid 
forms the most sparingly soluble salt (Purdie and Bolam, T., 1895, 
67, 945), but with the intermediate ethoxysuccinic acid the dextro- 
acid separates first (Purdie and Williamson, ibid., 961). There are 
also numerous instances in the literature where the pair /-cinchon- 
idine, /-quinine, differing by a methoxyl group, resolve acids in 
different directions. 

As to the practical value of these alkaloids for resolving tropic 
acid, the isolation of d-tropic acid is best effected by quinine, hydro- 
quinine and ethylhydrocupreidine being almost as good but not 
quite so accessible, whilst for the isolation of /-tropic acid, quinidine 
and ethylhydrocupreine (optochin) are equally good. With 
hydrocinchonine, resolution is slow and necessitates the use of 
alcohol-ether mixtures, whilst with cinchonidine and hydrocin- 
chonidine resolution is very slow owing to formation of mixed 
crystals. 

Some time after the experimental portion of this work was 
completed, the Vereinigte Chininfabriken Zimmer & Co. described 
a process (D.R.-P. 330813) for the production of the four possible 
stereoisomeric alcohols by the reduction of hydrocinchoninone. 
The rotations of these bases give a clue to the part played by the 
asymmetric carbon atom (4) in hydrocinchonine and hydrocin- 
4s*2 
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chonidine. Hydrocinchoninone is the ketone produced by oxidation 
of hydrocinchonine or hydrocinchonidine and may be represented 
by the tautomeric grouping 


—cO—CH== —C(0H)=¢ 
(4) (3) 
the asymmetry of carbon atoms (3) and (4) being virtually lost. 
Reduction leads to the production of the four possible alcohols in 
unequal proportions owing to the effect of the asymmetric atoms 
(1) and (2). The optical contributions of (3) and (4) in the alcohols 
may therefore be represented by 


ddiltl 
dl dl. 


The rotations of the four alcohols are + 190°, + 88-5°, + 48°, and 
— 98°, of which alcohols the first and the last are hydrocinchonine 
and hydrocinchonidine, respectively, the remaining two being new. 
As the spatial distribution of groups around carbon atoms (1) and 
(2) is the same in all four alcohols and is weakly positive in total 
optical effect, it is evident * that in the most dextrorotatory, 
hydrocinchonine with [«], + 190°, the carbon atoms (3) and (4) 
contribute each a dextro-effect, and in the most levorotatory, 
hydrocinchonidine with [«], — 98°, each contributes a levo effect. 
This receives support so far as carbon atom (3) is concerned, because 
Rabe has already shown that (3) is dextrorotatory in quinidine and 
cinchonine and levorotatory in quinine and cinchonidine. The 
same applies to the hydroalkaloids. 

The optical contribution of (3) and (4) in the alkaloids with [«], 
+ 88-5° and + 48° can, of course, be determined experimentally 
by Rabe’s method, namely, by an examination of and identification 
of their deoxy-bases. The optical contribution of the asymmetric 
carbon atoms in four of the cinchona alkaloids may therefore be 
represented with a very considerable degree of certainty in the 
following abbreviated form. 

Asymmetric carbon atoms. 

Aikaloid. (1) and (2). = (3). (4). 
Cinchonine \ 
Hydrocinchonine f - + 
Cinchonidine 
Hydrocinchonidine j 


+ 
+ — — 


* The principle of optical superposition is assumed here, at least in 4 
semiquantitative sense. It seems justified by the quantitative results, both 
as regards magnitude and sign of rotation, obtained in the sugar group by 
Hudson, Levene, and others, and by the singular freedom from optical 
anomalies in the cinchona alkaloids when submitted to a variety of con- 
stitutional changes. 
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The same argument cannot as yet be applied to quinine and quin- 
jdine and their hydro-derivatives, because only two of the four 
possible alcohols produced by the reduction of hydroquininone are 
known, namely, hydroquinine and hydroquinidine. It is possible, 
however, to proceed by analogy and to compare the rotations of the 
cinchona alkaloids, their monochloro-derivatives, and the deoxy- 
bases produced by reduction of the latter. 


l | 
--CH(OH)—CH —» —CHCI—-CH —> —CH,—CH 
(4) (3) 
The results are collected in the following table. 


[a]o. 
. —158° Quininechloride a Deoxyquinine ......... 
Hydroquininechloride ,.. Deoxyhydroquinine .., 
coe eee Cinchonidinechloride ... Deoxycinchonidine ove 
Hydrocinchonidine | ove 
Bthylhydrocupreine . . Bthylhydrocapreine- Deoxyethylhydro- 
Quinidinechloride .. 
Hydroquinidinechloride 
Cinchoninechloride Deoxy: 


Deoxyhydrocinchonine +128 
An examination of these rotations shows that there is a very close 
parallelism between the levo-alkaloids, their chloro-derivatives, 
and their deoxy-bases. The same also applies to the dextro- 
alkaloids. Moreover, the changes in the sign and magnitude of 
rotation receive their simplest interpretation in terms of the optical 
signs already deduced from independent evidence, in the case of the 
alkaloids without methoxyl groups, for asymmetric carbon atoms 
(3) and (4), namely, both levo in the levo-alkaloids and both dextro 
in the dextro-alkaloids. Thus for the levo-alkaloids, the carbon 
atoms concerned may be written 


—CH(OH)—¢H —» —CHCI-VH —> —CH,—(CH 
l 1 qt I 


and for the dextro-alkaloids 


—CH(OH)—(H —> —CHCI—CH —> —CH,—CH 
d d ‘a d 


The simplest explanation is that phosphorus pentachloride 
j causes a change of sign of the contribution of carbon atom (4) in 
every case, whether a Walden inversion has taken place or not being 
immaterial, provided the same happens in each case and other 
atoms are uninfluenced, as indeed is tacitly assumed in Rabe’s 
deductions of the asymmetric effect of carbon atom (3). On 
account of this very close analogy, it seems justifiable to incorporate 
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the methoxy-alkaloids in a similar scheme to the one deduced for 
the alkaloids without a methoxyl group. 


Asymmetric carbon atoms. 


Alkaloid. (1) and (2). (3). (4). 
Quinine 1 
Hydroqguinine jf + an ‘We 
Quinidine 1 , . 4 
Hydroquinidine J j 


EXPERIMENTAL. 
Resolution of Tropic Acid. 

With Hydroquinine —dl-Tropic acid (8-3 grams) was neutralised 
to litmus with hydroquinine (17-6 grams), dissolved in 95 per cent, 
alcohol. On keeping, 11-5 grams of bydroquinine d-tropate 
separated almost pure, melting at 179—181° and having [«], —82° 
in absolute alcohol. After recrystallising four times from 95 per 
cent. alcohol, 6-3 grams of the pure salt were obtained of constant 
melting point and rotation. By working once more through the 
mother-liquors, a further 2-2 grams were obtained pure and 2:1 
grams melting at 180—181°. The two first crops represent a yield 
of 66 per cent. of the dextro-component present. 

Hydroquinine d-tropate crystallises from 95 per cent. alcohol in 
clusters of glistening, prismatic needles, which are anhydrous. It 
melts at 184—185° (Found : C = 70-3; H = 7-1. C.9H,,0,N,,CyH90, 
requires C = 70:7; H = 7-4 per cent.). The specific rotation was 
determined in absolute alcohol : c = 1-012; 1 = 2dem.; a) —1-68°; 
[a], — 83-3°. 

One gram of hydroquinine d-tropate, decomposed by 10 c.c. of 
3N-hydrochloric acid and extracted with ether, gave without 
further purification d-tropic acid melting at 127—128° and having 
[«]p + 79-5° in water (c = 0-59). Pure d-tropic acid has [«], + 81-6°. 

With Hydroquinidine.—There is no resolution of tropic acid by 
hydroquinidine, the partial racemic salt being the least soluble. 

Hydroquinidine dl-tropate monohydrate crystallises from 95 per 
cent. alcohol in clusters of well-formed prisms, containing 1H,0. 
It melts, when air-dried, at 116—118° and when dried at 100°, 
at 137—139° (Found : in air-dried salt, HO = 3-9, 3-5; C = 68-0; 
H = 7-4. Cy9H,,0,N,,C5H1903,H,0 requires H,O = 3-5; C= 


68-2; H = 7-6 per cent.). The specific rotation of the hydrate 


was determined in absolute alcohol: c= 1-006; 1=2 dem.; 
Gp + 2°77°; [a]p + 137-4°, whence for anhydrous salt [«], + 142°4°. 

On several occasions hydroquinidine dl-tropate was obtained as 
the anhydrous salt, crystallising from alcoholic solutions in long, 
glistening, silky needles. These melted at 137—139°, the melting 


1 for 
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point of the dehydrated monohydrate, and passed readily either on 
standing in the air or on contact with the solution into the hydrated 
form. 

The tropic acid isolated from hydroquinidine di-tropate was 
inactive and melted at 116—117°. 

With Ethylhydrocupreine—From dl-tropic acid (8-5 grams) and 
ethylhydrocupreine (17-5 grams) in alcoholic solution, ethylhydro- 
cupreine /-tropate (8-7 grams) was isolated pure. The yield was 
60 per cent. 

Ethylhydrocupreine \-tropate crystallises anhydrous from 95 per 
cent. alcohol in clusters of small needles. It melts at 199—200° 
(Found: C= 70-9; H=7-5. C,,;H,gO.N,,CyH 4,0, requires C = 
71:1; H = 7-6 per cent.). The specific rotation was determined in 
absolute alcohol: c= 1-002; 1=2 dem.; ap — 2°18°; [a], — 
109-3°. 

From this salt /-tropic acid was isolated and without further 
purification melted at 126—128° and had [a], — 75-6° in water. 

With Ethylhydrocupreidine.—From dl-tropic acid (4-9 grams) and 
ethylhydrocupreidine (10 grams), ethylhydrocupreidine d-tropate 
(45 grams) was isolated pure, and further quantities of slightly less 
pure salt were obtained from the alcoholic mother-liquors. 

Ethylhydrocupreidine d-tropate crystallises anhydrous from alcohol 
in soft, white, voluminous masses of fine needles. It is sparingly 
soluble in cold alcohol and melts at 182—183° (Found: C = 70:8; 
H= 7-6. C,,H,g0.N,,CgH 90, requires C= 71:1; H=7-6 per 
cent.). The specific rotation was determined in absolute alcohol : 

e=1-011; 1 =2dem.; a + 3-05°; [a], + 150-8°. 
e= 1-012; 1=2dem.; ap + 3:05°; [a], + 150-7°. 

The tropic acid isolated from this salt melted at 128—130° and 
gave [a], + 78-1° in water (c = 0-61). 

From the alcoholic mother-liquors of this salt, the corresponding 
ethylhydrocupreidine /-tropate was isolated in small quantity. 

Ethylhydrocupreidine 1-tropate monohydrate crystallises from 
alcohol, in which it is readily soluble, in clusters of well-formed 
prisms. Air-dried, it melts at 121—123° with effervescence at 
127°, and when dried at 100° it melts at 131—133° (Found: in 
air-dried salt, H,O = 3-4. C,,H,,0,N,,CyH1,903,H,O requires 
H,O = 3-6 per cent.). 

Its specific rotation was determined in absolute alcohol : 

ce = 1-029; 1 = 2dem.; ap + 2-45°; [a], + 118-8°; 

c = 0-856; 1 = 2dcem.; ap + 2-04°; [a], + 119-2°, 
whence, for the anhydrous salt, [«], + 123-2°. From this salt, 
ethylhydrocupreidine was recovered, melting at 196° and having 
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[a]p + 225° in absolute alcohol (¢ = 0-46) and /-tropic acid isolated, 
melting at 127—129° and having [«], — 78° (c = 0-29). 

With Quinotoxine.—dl-Tropic acid (11-5 grams) and quinotoxine 
base (21-7 grams) in alcoholic solution gave a crystalline salt which 
after four crystallisations showed little signs of resolution. After a 
few crystallisations from water quinotoxine /-tropate was readily 
isolated pure in 58 per cent. yield. 

Quinotoxine |-tropate monohydrate crystallises best from water, 
in small, cream-coloured needles. Air-dried, it melts at 112—113° 
with effervescence at about 130°, and when dried at 100° it melts at 
116—118° without effervescence (Found : in air-dried salt, H,O = 
42; C=686; H=70. C,)H,,0O,N.,C,H,,0,,H,O requires 
H,O = 3-5; C = 68-5; H = 7-1 per cent.). The specific rotation 
was determined in absolute alcohol: c = 0-997; 1 = 2 dem.; [a], 
+ 0°17°; [a], + 84°, whence for anhydrous salt [«], + 8-71°. 

The crude tropic acid isolated from 1 gram of pure quinotoxine 
l-tropate melted at 126—128° and gave [«], — 72° in water (c = 
0-46). 

With Cinchotoxine.—Seventeen grams of cinchotoxine base were 
neutralised with 9-7 grams of dl-tropic acid and the salt from the 
syrupy solution was recrystallised several times, initially from a 
mixture of absolute alcohol and dry ether, and finally from 95 per 
cent. alcohol. The yield of cinchotoxine /-tropate was 60 per cent. 

Cinchotoxine |-tropate crystallises from 95 per cent. alcohol in 
clusters of fine, matted needles. It melts at 145—146°. It has 
a cream colour when pure and forms an almost colourless solution 
in absolute alcohol, but readily becomes yellowish-brown in colour 
on boiling. As observed with quinotoxine salts, there is a tendency 
to resinify (Found: C=728; H=7-0. C,,H,.ON,,C,H,,0, 
requires C == 73-0; H = 7-0 per cent.). The specific rotation was 
determined in absolute alcohol: c = 0-996; 1=2 dem.; a + 
0-205°; [aly + 10-3°. 

The tropic acid isolated from 1 gram of this salt was /-tropic acid, 
[a] — 76°, m. p. 127°. 

With Cinchonine.—All attempts to crystallise any salt from 
cinchonine and dl-tropic acid were fruitless. 

With Hydrocinchonine.—Molecular quantities of tropic acid 
(8-3 grams) and hydrocinchonine (14-8 grams) were crystallised 
together from a mixture of absolute alcohol and ether until the 
rotation of the product was constant. The yield of hydrocin- 
chonine d-tropate was 2 grams. 

Hydrocinchonine d-tropate monohydrate crystallises in large, 
hemispherical tufts of needles and also in isolated needles. It melts, 
when air-dried, from 178° to 195°, effervescing at the latter 
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temperature and having shown signs of sintering at about 110° 
(Found: in air-dried salt, H,JO=43; C= 70-0; H = 7-7. 
CgHp4ON2,CgH 903,H,O requires H,O = 3-7; C= 700; H=75 
per cent.). The specific rotation was determined in absolute 
alcohol : 


c = 0-937; 1 =2 dem.; a +2°19°; [a«]p + 116-7°; 
c = 0-953; 1=2dem.; a, + 2°22°; [a], + 116-8°, 


whence, for anhydrous salt, [«], + 121-3°. The tropic acid 
isolated from this salt melted at 126—128° and gave [«], + 74-4° in 
water. 

With Cinchonidine.—Owing to the formation of a complete series 
of mixed crystals resolution with this alkaloid is very slow. By 
erystallising cinchonidine (28-5 grams) and tropic acid (16-0 grams) 
from alcohol, after five crystallisations, 4 grams of cinchonidine 
tropate were obtained melting at 129—132° and having («], — 73-9° 
in absolute alcohol (c = 1). In this salt, the tropic acid isolated 
from 1 gram of material had [«], — 13-9°. A second preparation 
from the mother-liquors, after five crystallisations, weighed 8 grams, 
had [a], — 747°, and gave a tropic acid with [«], — 140°. By 
combining these crops of partly resolved salt and crystallising 
three times more, a salt with [«], — 78° and weighing only 3 grams 
was obtained. This gave a tropic acid having [«], — 24-6°. As 
there was no doubt as to the direction in which the resolution 
was proceeding, cinchonidine /-tropate was prepared from the pure 
components. 

Cinchonidine 1-tropate monohydrate crystallises from alcohol in 
fine needles. Air-dried, it melts at 131—133°, with slight effer- 
vescence (Found: in air-dried salt, HO = 3:2; C=70-7; H= 
72. CygHON,,C,H,903,H,0 requires H,O = 3-8; C= 70:3; 
H = 7-2 per cent.). The specific rotation of the anhydrous sub- 
stance was determined in absolute alcohol: c = 1-108; 1 = 2 dem.; 
t — 1-87°; [a], — 843°. 

With Hydrocinchonidine.—After four crystallisations of equimole- 
cular quantities of dl-tropic acid (8-3 grams) and hydrocinchon- 
idine (14-8 grams) from a mixture of absolute alcohol and ether, a 
crude hydrocinchonidine tropate was obtained with [a], — 55-8° 
in absolute alcohol. This salt gave a tropic acid having [«], —11-4° 
in water. From the combined mother-liquors, after four more 
crystallisations, a hydrocinchonidine tropate, which gave a tropic 
acid having [«], — 20-7°, was obtained. The resolution was thus 
in the direction of hydrocinchonidine /-tropate. 

Hydrocinchonidine 1-tropate monohydrate was prepared from 
molecular quantities of the pure components and recrystallised 
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twice from a mixture of absolute alcohol and ether. It crystallizes 
in hemispherical tufts of glistening needles. Air-dried, it softens 
at about 80° and effervesces at about 110°, and when dried at 100° 
it melts at about 130° (Found: in air-dried salt, H,O = 49. 
C = 69-9; H=7-5. C,,H,,ON,,C,H,903,H,O requires H,O = 3-7, 
C= 70-0; H=7-5 per cent.). The specific rotation was deter. 
mined in absolute alcohol: c= 1-05; 1=2 dem.; ap — 1-33°. 
[«], — 63-2°, whence, for anhydrous salt, [«], — 65-7°. 


The authors are greatly indebted to Messrs. Boots Pure Drug 
Co. and to Messrs. Howards & Sons for a free supply of r-tropic acid 
and the cinchona alkaloids, respectively, used in this investigation, 
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CCCIX.—The Solubility and Volatility of the 
Nitrobenzaldehydes. 


By Neviz Vincent Sipewick and WILFRED MARSDEN Dasu. 


Bots the nitro-group and the aldehyde group are often found in 
the most markedly abnormal benzene derivatives, such as the 
nitrophenols, the nitrobenzoic acids, and the hydroxy-aldehydes 
and aldehydo-acids. We have therefore examined the nitro- 
benzaldehydes, in which the two groups occur together. 
Preparation of Materials.—o-Nitrobenzaldehyde. The commercial 
product was recrystallised twice from alcohol and twice from ligroin. 
The melting points given in the literature are 43-5—44-5° (Gabriel 
and Meyer, Ber., 1881, 14, 829); 45—46° (Vanino, ‘‘ Organische 
Praparate,”’ 1914, p. 484); 46° (Friedlander and Henriques, Ber., 
1881, 14, 2803). We did not find it possible to raise the melting 
point above 43-5° (corr.); to make certain that the material was 
dry, a portion was heated at 80° for half an hour, but its melting 
point was unchanged. In working with this substance it is neces- 
sary to use a subdued light, in order to avoid conversion into nitroso- 
benzoic acid. m-Nitrobenzaldehyde was made by the nitration 
of benzaldehyde at 5° by a solution of potassium nitrate in con- 
centrated sulphuric acid (Friedlander and Henriques, loc. cit.; 
Ehrlich, Ber., 1882, 15, 2010). It melted at 58-0° (corr.) after 
recrystallisation from aqueous alcohol and drying at 105°. The para- 
compound used was Kahlbaum’s purest material, twice recrystal- 
lised from aqueous alcohol, washed with sodium carbonate (to 


sOLUBILITY AND VOLATILITY OF THE NITROBENZALDEHYDES. 2587 


remove any acid) and water, and dried at 110°. It melted at 
106-5° (corr.). 

Determination of Solubilitics——These were measured in sealed 
bulbs, or at lower temperatures in a Beckmann apparatus. The 
temperatures of the triple points (solid aldehyde and two liquids) 
in presence of water were determined in a series of separate experi- 
ments, and the composition obtained by extrapolation on the two- 
liquid curve. The complete solubility curves were realised in water 
for the meta- and para-compounds, with critical solution tempera- 


Fia. 1. 


Solubilities of the Nitrobenzaldehydes in Water. 
Ortho o— Meta +—— Para x— 


20 40 60 80 
Weight per cent. 


tures of 212° and 216°; but the ortho-curves could not be taken 
above 160°, as decomposition then set in. The benzene used was 
free from thiophen, and melted at 5-32°. 

The results are given in the following tables, and plotted on 
Figs. 1 and 2. In Table I, the points at which solid aldehyde is 
present are marked s. In Table II, those points at which solid 
benzene separates are marked 6; at the other points, the second 
phase is solid aldehyde. 

Volatility in Steam.—This was determined for each of the three 
isomerides in the apparatus already described (T., 1920, 117, 396). 
The composition of the distillate was estimated by the method of 
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TABLE I. ie 
Solubility of the Nitrobenzaldehydes in Water. of p 
Ortho. Meta. Para. with 
Weight Weight Weight 
percent. Temp. percent. Temp. percent. Temp, 
0-70 66-9° 0-39 40-5°s 0-97 90-2° 
1-53 103-1 0-96 75-1 2-91 132-4 
4-75 166-0 1-95 111-9 8-78 176-5 
— — 3-01 136-4 20-67 205-4 
93-56 161-7 3-95 147-1 37°77 215-5 
94-80 145-1 4-92 157°3 51-92 215-7 
96-49 113-5 10-51 181-0 63-19 213-4 
99-00 63-8 14-03 191-4 90-65 172-6 
100 43-5 23-35 205-4 92-74 164-6 
39-62 211-8 96-70 134-2 
56-23 211-7 100 106-5 
78-77 195-3 
86-75 179-3 
90-18 167-0 
92-87 152-0 
95-67 126-2 
97-83 85-2 
100 58-0 
Triple point : 
99-9 39-7° 99-6 51-0° 98-2 97-1° 
Critical solution temperature : 
— 212° 216° 
TaBxe II. 
Solubility of the Nitrobenzaldehydes in Benzene. 
Ortho. Meta. Para. 
Weight Weight Weight 
per cent. Temp. per cent. Temp. per cent. Temp. 
0-00 5-3°b 0-00 5-3°b 0-00 5-3°D 
1-17 5-16 1-20 5-0 b 1-00 5-0 6 
2-47 4-76 2-40 4-76 2-00 4:66 
3°51 4-46 4-28 4-3 b 2-75 4-45 
4-98 3-9 b 4-98 4-06 3-57 416 
10-12 2-7 b 10-14 2-4 b 4-06 7-5 
15-18 1:26 15°15 1:06 5-01 12-6 
20-09 —0-46 16-16 0-9 7-57 23-4 
25-23 —1-56 17-55 2-8 10-15 30-8 
26-85 —1-2 19-03 4-9 15-00 40-5 The 
29-59 +1-2 23-55 9-8 20-53 48-3 
35-35 4-9 28-43 14-7 29-61 47:5 of 1 
40-24 8-2 33-77 18-5 35-31 62-2 mol 
45-48 11-3 38-91 21-7 40-42 65-7 
48-84 13-0 47-68 25-6 49-82 71:3 -_ 
54-40 15-8 54-53 29-4 61-12 77-2 the 
60-74 19-4 62-30 33-0 67-56 81-0 416 
70-98 24-6 68-87 36-3 73-54 84-9 ‘ 
76-28 27-2 74-35 39-2 78-85 87-8 pre 
81-60 30-2 78-36 41-2 85-54 93-0 on 
87-82 34-1 83-23 43-9 92-83 98-6 
95-08 39-1 88-80 47-7 
100 43-5 94-49 51-7 Wei 
100 58-0 
Vary 


Eutectic point : 
26-50 —1-7° 15-75 —0-8° 3-60 +4-1° 


ap 
2s 
4 
5 
4 
5 
7 
4 
6 
6 
2 
5 


) 
) 
) 
) 


SOLUBILITY AND VOLATILITY OF THE NITROBENZALDEHYDES. 2589 


Strache (Sitzwngsber. K. Akad. Wiss. Wien, 1891, 100, IIb, 424; 
1892, 101, IIb, 311), by conversion into the hydrazone with excess 
of phenylhydrazine, and determination of the excess by oxidation 
with copper sulphate and measurement of the hydrogen evolved. 


Fie. 2. 
Solubilities of the Nitrobenzaldehydes in Benzene. 
Ortho O Meta + —— Para x— 
120° 


100 Z 
xo 


60 , wd 


fader | 


— me 40 60 80 100 
Weight per cent. 


The results are given in the following table. Each value is the mean 
of from three to five determinations, which in no case differed by 
more than 5 per cent. The corrected values are the vapour pres- 
sures which the pure liquids would have at 100°, calculated by 
the method previously described (Sidgwick and Ewbank, T., 1921, 
119, 997), it being assumed that the relative lowering of the vapour 
pressure by the water is the same as at the triple point, where it 
can be calculated from the heat of fusion. 


Ortho. Meta. Para. 
Weight per cent. in distillate ...............++. 1-89 1-27 0-85 
faa 1-7 1-16 0-76 


Vapour pressure in mm. 100) Gore, °7.... 1-88 1-32 0-90 


<a 


ite AS 
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Nominal Heats of Solution in Benzene.—These were calculated 
from the solubility curves by means of the usual formula 


= oor — 7) 


log, % = %. = 
Bes r, Ty 


The results are given in Table IIT, and plotted on Fig. 3. 


Fia. 3. 
Nominal Heats of Solution in Benzene. 
Ortho ——O Meta ——+ Para ——x—— 


i 
As 
f SN 


12-0 


Agr. cals. per gram-mol. 


40 60 
Mols. per cent. 


TaBLe ITI. 
Nominal Heats of Solution in Benzene. 


Mean mol. Heat of Solution in kgr.-cals. 


per cent. Ortho. . Para. 
4-87 
6-32 
6-58 
7-66 
8-97 
10-26 
11-45 
10-78 
9-15 


Ch OOSHOOK 
bor SH 


Discussion of Results, 


The influence of position on the physical properties of the nitro- 
benzaldehydes is not large, or in other words they are only slightly 
abnormal. It is unfortunate that the decomposition of the ortho- 
compound at higher temperatures made it impossible to determine 
its critical solution temperature. The closeness of the curves for 
the meta- and para-compounds in water is very marked (their 
critical solution temperatures are only 4° apart), but this occurs with 
abnormal compounds (for example, with the nitrophenols) as well as 
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with normal. The ortho-curves (in water), so far as they go, 
show a smaller solubility, as we should expect, but not much 
smaller. The heats of solution in benzene lead to the same result. 
The following table gives the increase in the heat of solution 
(maximum value divided by that at 95 molecules per cent.) for the 
nitrobenzaldehydes as compared with the corresponding figures for 
the chloroacetanilides * (almost normal), the nitroanilines (definitely 
abnormal), and the nitrophenols (highly abnormal) : 


Qmax = Qos- 
Ortho. Meta. Para. 
2-88 2-58 
1-93 2-35 
3°78 4-88 
3-39 5-60 


The volatilities again show an almost normal behaviour. The 
boiling points of the ortho- and meta-compounds are only 8° apart 
(156° and 164° at 23 mm.: that of the para has not been deter- 
mined); the vapour pressures at 100° as deduced from the volatili- 
ties in steam do not differ widely, as is shown by the following 
comparison of their relative values (para = 1) with those of the 
other derivatives : 


Relative Vapour Pressures at 100°. 


Para. 
1 


1 
1 
1 


We may therefore conclude that the nitrobenzaldehydes 
are only very slightly abnormal, to about the same extent as the 
chloroanilines. 

A general survey of the results of these investigations, while it 
confirms the view already expressed that abnormality requires the 
simultaneous presence of two suitable (“active”) substituent: 
groups in the nucleus, also shows that these two groups act in two 
different ways, like the chromophore and auxochrome groups in a 
dye: to be abnormal, the isomerides must contain (1) a group 
making them sensitive, and (2) another group which can act on 
this sensitiveness. The following table summarises the effects of 
six of the most active groups examined (0 indicates normality, + 
distinct abnormality, and +-+ great abnormality. Where the 


* The chloroanilines would no doubt give similar values, but their melting 
points are so low that the heats of solution can only be measured over a 
narrow range. 
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symbols are placed in brackets, the compounds have not been fully 
investigated). 
CO.H. CHO. NO,. 
oo. 


ae 


0 (0) 
0 0 (0) 
(0) (0) (0) 


All these groups are capable of activating a sensitive group, but 
the sensitiveness itself diminishes as we pass along the table down. 
wards or from left to right. The nitro-group causes abnormality 
in phenol (very large), in benzoic acid (large), and in aniline (fairly 
large), but not in chlorobenzene or nitrobenzene, and scarcely at 
all in benzaldehyde. The aldehyde group is similar: it activates 
hydroxyl and carboxyl, but scarcely the nitro-group, and not 
chlorine. The chlorine atom is still more restricted in its action; 
it has so far only been found to produce abnormality in the 
phenols. 


Dyson Perrins LABORATORY, 
OxForRD. (Received, October 11th, 1922.] 


CCCX.—The Formation and Properties of Dithio- 
ketones (R.C:8:S) and Dithio-ethers (R,S:8). 
Part II. 

By Kuverst Gosat Nark and Manaprgo DatraTRAyA AVASARE. 


THE experiments described here were undertaken with a view to 
test the hypothesis advanced by one of us (T., 1921, 119, 1232), 
namely, that interaction of sulphur monochloride and a compound 
containing the methylene radicle depends on the nature of the 
groups attached to the two remaining valencies of the carbon atom. 
‘It was shown that either one or both of the hydrogen atoms of the 
methylene radicle were brought into activity, the course of the 
reaction depending on the total negativity of the two carbony! 
groups with their attached radicles. 

The work so far recorded was carried on with compounds which 
are derivatives of malonic or acetonedicarboxylic acid. Experi- 
ments have now been made with (1) the anilide, (2) the o-toluidide, 
and (3) the p-toluidide of acetoacetic acid. Of these compounds, 
only the first has been described (Knorr, Annalen, 1886, 236, 75), 
whereas (2) and (3) do not seem to have been prepared. When 
these three compounds were treated with sulphur monochloride 
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in dry benzene, reaction took place more readily and more 
vigorously than in the case of the corresponding derivatives of 
malonic and acetonedicarboxylic acids. Stable disulphides were 
formed in each case. Thus, 


CH,-CO ClS  CH,-COY,-* 

NHE-Co> CH: + o1.§ = NHR-CO> CSS + 2HCL 
where R is the phenyl or tolyl group. Here the total negativity of 
the groups attached to the reactive methylene group is greater than 
in the cases of the corresponding malonic and acetonedicarboxylic 
acid derivatives. 

Considering the three compounds (i) CH,°CO-CH,*CO-NHR, 
(ii) NHR-CO-CH,°CO-NHR, and (iii) NHR-CO-CH,-CO-CH,°CO-NHR, 
it will be seen that the total negativity of the carbonyl groups with 
their attached radicles in the case of (i) is due to two groups, one 
of which, CO-NHR, is common to all three compounds, and the 
other, the acetyl group, is more negative than the partly neutralised 
group, CO-NHR, which is present in (ii) and (iii). Again, the 
negative effect of the central carbonyl group in (iii) is divided 
between the two adjacent methylene groups, so that the total 
negative effect on each methylene group is smaller than that on a 
single methylene group, when linked as —CO*CH,°CO—, as in 
cases (i) and (ii). Hence it is to be expected that the two methylene 
groups in (iii) will be less reactive than the one in (ii), which in turn 
will be less reactive than that in (i). Such has actually been found 
io be the case. Whereas compounds of type (iii) react thus, 

NHR-CO:CH, ClS NHR:CO-CH’S 

cO + |= 60 |+2HCI 

NHR-CO-CH, CIS NHR-CO-CH-S 

those of types (ii) and (i) behave as follows, 
° Ci-S , S 
MEE on, +l - ESE>o<| + ma 

where R’ is the methyl or anilino-group. Reaction in the case of 
(i), however, proceeds very much faster than in the case of (ii), in 
fact, the reaction proceeds vigorously even in the cold. Such 
behaviour is in accordance with the theory. 

It was stated in Parts I and II (loc. cit., pp. 382, 1233) that it is 
possible to nitrate the compounds there mentioned without 
destroying the dithio-grouping, which behaves as a remarkably 
stable residue. The dithio-compounds now described can also be 
nitrated in a similar way and give dinitro-derivatives : 


C,N,"NH-CO-CS,CO-CH, —> C,H,(NO,),*CO-CS,-CO-CH, 
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This behaviour obviously lends further support to the view pr. 
viously advanced that the dithio-grouping in these compounds js 
structurally different from that present in (§’-dichlorodiethy| 
disulphide and similar compounds, and that sulphur monochloride 
is capable of reacting in the two forms indicated (loc. cit.). 

Further work is in progress with a view to throw additional light 
on the problem, by studying the influence of such reagents as sulphur 
dichloride, sulphuryl chloride, thionyl chloride, etc., on these and 
corresponding derivatives of cyanoacetic acid. 


ExPERIMENTAL. 


Dithioacetoacetanilide——Two grams of acetoacetanilide and 25 
grams of sulphur monochloride (S,Cl,) were heated under reflux 
with 50 c.c. of dry benzene for two hours. Reaction started in 
the cold, hydrogen chloride gas being vigorously evolved. When 
the evolution of the gas ceased, the product was filtered and washed 
thoroughly with dry benzene to free it from the excess of sulphur 
monochloride. The solid residue, after repeated purification from 
a mixture of benzene and petroleum, melted and decomposed at 
125° (Found: S= 26°92. C,)H,O,NS, requires S = 26°78 per 
cent.). 

The acetoacetanilide required for the experiment was prepared 
by Knorr’s method (loc. cit.). The product obtained was very 
pure, but the yield was very small. It was crystallised from a 
mixture of benzene and ligroin. 

The dinitro-derivative of the above dithioacetoacetanilide was 
prepared by warming the thio-compound with a sufficiency of 
nitric acid (d 1°5), reaction being very vigorous. The nitration 
product was precipitated by the addition of a minimum of water, 
and after being washed with nitric acid and with water was obtained 
as a brown powder, decomposing at 167° (Found: N = 12°90; 
S = 18°82. C,)H,O,N,S, requires N = 12°76; S = 19°45 per cent). 

Acetoacet-p-toluidide—Acetoacetic ester and p-toluidine in 
equimolecular quantities were heated in a sealed tube at 120—125° 
for five hours. The alcohol having been evaporated, the residue 
was cooled in a freezing mixture and the resulting crystalline mass 
washed with a mixture of benzene and ligroin and subsequently 
crystallised from the same solvent; the substance obtained melted 
at 95°. It is very soluble in alcohol or benzene and sparingly 
soluble in ligroin (Found: N=7:56. ©,,H,,0,N requires 
N = 7°33 per cent.). 

Dithioacetoacet-p-toluidide—Equal quantities (3 grams) of the 
above p-toluidide and sulphur monochloride were heated under 
reflux with 100 c.c. of benzene for three hours. After hydrogen 
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pre. ff chloride ceased to be evolved, the product was treated in the same 
ds is f way as the corresponding anilide derivative. It began to decompose 
ethyl Mf at 120° and melted at 140° (Found: S = 25:28. C,,H,,0,NS, 
oride f requires S = 25:29 per cent.). 


The dinitro-derivative was prepared in the same way as the 
corresponding dinitroanilide, and obtained as a yellow powder 
decomposing at 170° (Found: N = 12°16; S = 18°85. 
CyHyOgN,S. requires N = 12°24; S = 18°65 per cent.). 

Acetoacet-o-toluidide—This substance was prepared in the same 
way as the corresponding p-tolyl derivative, and after recrystall- 
jsation from benzene and petroleum melted at 107°. It is very 
soluble in alcohol or benzene and sparingly soluble in ligroin (Found : 
N=7°62. C©,,H,,0,N requires N = 7°33 per cent.). 

Dithioacetoacet-o-toluidide—The o-toluidide was treated with 
sulphur monochloride in the same way and in the same proportions 
as the corresponding para-derivative. The product, on repeated 
purification from a mixture of benzene and petroleum, melted and 
decomposed at 167° (Found: S = 25:26. C,,H,,O,NS, requires 


§ = 25°29 per cent.). 


We take this opportunity to record our thanks to the Chemical 
Society for a grant which has partly defrayed the expense of this 
investigation. 


THe Baropa COLLEGE, 
Baropa, Inptra. (Received, August 30th, 1922.] 


CCCXI.—The Triazo-group. Part XXII.* Cinnamic 
Acid Chlorohydrin and its Conversion into a-Triazo- 
B-hydroxy-8-phenylpropionic Acid. 


By Martin Onstow Forster and WiLitAM Bristow SAVILLE. 


Tue derivatives of phenylserine which should lead to a syn- 
thesis of picrorocellin (this vol., p. 816) appeared likely to be 
obtainable from  «-triazo-8-hydroxy-$-phenylpropionic acid, 


$s 
ly C,H,-CH(OH)-CHN,-CO,H, and we find that this compound is 
q @ Teadily prepared from the chlorohydrin of cinnamic acid (phenyl- 


chlorolactie acid). In accumulating the necessary chlorohydrin, 
however, we encountered a pronounced divergence from the observa- 
tions of Read and Andrews (T., 1921, 119, 1774), and the compound 
having been first described more than fifty years ago (Glaser, 
Annalen, 1868, 149, 80), it seems remarkable that fresh facts may 


* Part XXI was published T., 1912, 101, 1359. 
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still be learned regarding it. We do not suggest that the resuly 
of Read and Andrews are recorded inaccurately, although we fol.” 
lowed their prescription as exactly as possible; we prefer to believe 
that addition of hypochlorous acid to cinnamic acid is an action 
more than usually sensitive to slight variation of experimental 
conditions. 

Whereas from cinnamic acid (20 grams) Read and Andrew 
obtained the dichloride (0°4 gram), chlorostyrene (1°5 grams), anf 
the chlorohydrin (23°8 grams), our experiments, repeated many 
times with uniform results, have never given the dichloride and 
have produced only a very small proportion of chlorostyrene; the 
yield of chlorohydrin averaged 21°6 grams, whilst in addition there 
was invariably isolated a volatile, neutral substance (4°1 grams) 
melting at 56°, having the empirical formula of chlorostyrene 
chlorohydrin, C,H,OCI,, and appearing to have escaped the notice 
of earlier workers. This result arose alike from cinnamic acid 
of synthetic and vegetable origin; it was not varied by conducting 
the operation in dim light, although speed of reaction was much 
greater in direct sunshine, and it was also not affected by using 
cylinder chlorine instead of the gas produced from hypochlorite. 
Furthermore, the chlorohydrin was never isolated in a manner so 
simple as might be inferred from the description given by Read 
and Andrews, its purification being a matter of some difficulty; 
in fact, we have found it much more convenient to use the method 
of Erlenmeyer and Lipp (Annalen, 1883, 219, 185) which, by a 
simple modification, readily produces the chlorohydrin in good 
yield and in excellent form, accompanied by chlorostyrene. 

The melting point of cinnamic acid chlorohydrin calls for remark. 
Read and Andrews mention 78—80° for the monohydrate, thus 
agreeing with Glaser and with Erlenmeyer and Lipp, who further 
state that the anhydrous compound melts at 104°. Whilst con- 
firming the latter observation, we have repeatedly noticed that 
the freshly prepared chlorohydrin, after being drained on porous 
earthenware, melts indefinitely below 50°, and when recrystallised 
from warm water melts at 50—52°, rising to 56° after two days 
in air, remaining constant at that temperature. In this connexion, 
it is noteworthy that Zimmer and Stieglitz (Ber., 1889, 22, 3140) 
record 56°5° for the hydrated modification and 86° for the anhydrous 
acid; moreover, Rassow and Burmeister (J. pr. Chem., 1911, [ii], 
84, 473) state that the hydrated acid melts at 56—57° and changes 
into a labile anhydrous acid melting at 86°, of which the stable form 
melts at 102—103°. We find that the anhydrous material (m. p. 
104°) takes up moisture on exposure to air, and may then begin 
to melt as low as 90°, whilst the hydrated specimens, if left in a 
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sulphuric acid desiccator during many days, do not begin to melt 
telow 92°; consequently, we believe the true melting points to be 
Be’ (hydrated) and 104° (anhydrous). 

o-Triazo-B-hydroxy-8-phenylpropionic acid, prepared from the 
chlorohydrin and sodium azide, is much more stable than the chloro- 
empound, and when compared with phenyltriazoacetic acid 
(forster and Miiller, T., 1910, 97, 138) illustrates the result of 
eparating the phenyl radical from the carbon atom which carries 
the carboxyl and triazo-groups. Nevertheless, it is decomposed by 
hot alkalis, giving benzaldehyde, nitrogen, ammonia, and hydrazoic 
aid; the methyl ether, on the other hand, retains the carbon chain 
intact although the triazo-group is removed. 


EXPERIMENTAL. 
Preparation of Cinnamic Acid Chlorohydrin. 


Method of Read and Andrews.—A large glass jar containing 
1600 c.c. of water and 2 c.c. of concentrated sulphuric acid was 
urounded with melting ice. During vigorous agitation, a brisk 
stream of chlorine was passed into the liquid, and a solution of 
sodium cinnamate, prepared by dissolving 20 grams of cinnamic 
aid in 67 c.c. of 2N-sodium hydroxide solution diluted with 200 c.c. 
of water, was added in quantities of 20 drops, further addition 
being delayed until the consequent turbidity had disappeared. In 
bright daylight, the chlorine was rapidly absorbed, ice being added 
from time to time during the one and a half to two hours occupied 
by the operation. The slightly turbid liquid was filtered from a 
mall quantity of suspended solid, extracted twice with light 
petroleum, then saturated with salt and extracted twice with ether, 
this being dried with sodium sulphate and distilled, when a viscous, 
pale amber-coloured oil remained. The product crystallised to a 
thick, honey-like mass which could not be filtered or drained on 
earthenware until rubbed with 20 c.c. of water; it was then filtered 
by the aid of the pump, kneaded with 40 c.c. of saturated brine, 
and again filtered, the crystalline chlorohydrin melting at about 
52°. After twenty-four hours, the two filtrates containing oil and 
brine had yielded a further quantity of crystalline chlorohydrin 
which melted indefinitely at 45—50°, and the oil filtered therefrom 
was extracted with ether; when dried with sodium sulphate and 
distilled, the residue remained liquid during many weeks, after 
which a few crystals appeared. Meanwhile, the petroleum extract 
was distilled on the water-bath; the residual oil had the odour of 
chlorostyrene, but became almost completely solid during forty- 
eight hours, the crude product meiting at 56°. Finally, the oil 
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which had been filtered with brine from the chlorohydrin, and which 
had remained liquid for an indefinite period, was found to bea 
mixture of chlorohydrin and the foregoing neutral compound 
removed by the light petroleum; it was therefore treated with 
aqueous sodium carbonate (10 per cent.) until faintly alkaline, the 
neutral component remaining undissolved and removable by ether, 
whilst the chlorohydrin, melting at 45—50°, was precipitated by 
adding dilute sulphuric acid and saturating the liquid with salt, 
the neutral compound being isolated by subjecting to steam dis. 
tillation the residue left on distilling the ether. 

Six experiments carried out as above did not show any diver. 
gence from one another. A total yield of chlorohydrin amounting 
to 130 grams (73°5 per cent. of the amount calculated for 
C,H,0,Cl,H,O) was obtained together with 25 grams of the neutral 
product melting at 56°. The small quantity of sticky solid which 
had been filtered from the reaction-liquor, and having the odour 
of chlorostyrene, was rubbed with a few c.c. of light petroleum 
and drained on earthenware; it weighed 1 gram (from 120 grams) 
and consisted of unchanged cinnamic acid. The dichloride could 
not be found, and the total amount of chlorostyrene from 120 grams 
of cinnamic acid could not have exceeded 2 grams. The source 
of chlorine was a cylinder of compressed gas, but action proceeded 
in the same manner and led to the same quantitative results when 
the halogen was prepared from bleaching powder. Cinnamic acid 
from storax was also used, and did not differ from the synthetic 
material in behaviour. Protection from sunlight merely retarded 
the action without altering the character or yield of the products, 
whilst in dull red light the addition of hypochlorous acid proceeded 
too slowly for efficient working. 

Modified Method of Erienmeyer and Lipp.—Sodium hypochlorite 
was prepared by saturating with chlorine a well-stirred solution of 
crystallised sodium carbonate (143 grams) in water (1000 c.c.) at 
4°. Sodium cinnamate from the acid (75 grams), water (1000 c.c.) 
and sodium carbonate (54 grams, anhydrous) was agitated at 4° 
during rapid addition of the hypochlorite; after half-an-hour in 
ice the liquid, which became increasingly turbid, was treated with 
sulphur dioxide until excess of active chlorine had been reduced, 
and then acidified with hydrochloric acid (250 grams of d 1°19), 
which precipitated a sticky, crystalline paste. This having been 
separated, the liquid was extracted twice with light petroleum and 
saturated with salt, precipitating crystals which melted at about 
52°. The product was extracted with ether, this being dried with 
sodium sulphate and distilled, leaving a viscous, pale yellow oil 
which rapidly solidified to a friable cake, quite different in character 
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from the honey-like product obtained by the method described 
above. The oily residue from evaporation of the petroleum extract 
had an aromatic odour reminiscent of chlorostyrene; having been 
united with the sticky, crystalline paste obtained on adding hydro- 
chloric acid to the original mixture, it was subjected to steam 
distillation, which carried over a volatile, limpid oil and left impure 
cinnamic acid in the flask. The yield of chlorohydrin from 70 grams 
of cinnamic acid (75 grams less 5 grams recovered) amounted to 
74 grams (corresponding with 71°8 per cent. of the quantity cal- 
culated for C,H,O,Cl,H,O) together with 18 grams of the volatile 
oil. Thus, in view of the much larger quantities manipulated at 
one operation, the superior readiness with which the by-product 
can be removed, and the more convenient form in which the chloro- 
hydrin emerges, the modified method of Erlenmeyer and Lipp is, 
in our opinion, preferable to that of Read and Andrews. 

Purification through the Sodium Salt.—The chlorohydrin (50 grams) 
was made into a paste with water (100 c.c.) and treated with sodium 
carbonate (13°25 grams) in water (50 c.c.), dissolution being followed 
immediately by crystallisation of the sodium salt in flat, lustrous 
needles. After being filtered and washed with brine, the product 
28 grams) was dissolved in water (150 c.c.) and acidified with sul- 
phuric acid (7 grams) diluted with water (10 c.c.), the crystalline 
acid melting at about 55°. Dissolved in water at about 40° and 
allowed to cool spontaneously, the acid separated first as an oil; 
on adding enough cold water to dissolve this, and then stirring 
vigorously, lustrous, silky needles appeared, and the liquid set 
to a paste of crystals within half-an-hour, the air-dried pro- 
duct melting at 56° (Found: C=492; H=51; Cl= 162. 
(,H,0,Cl,H,O requires C = 49-4; H = 50; Cl = 16:2 per cent.). 
During two days in the desiccator over sulphuric acid the melting 
point rose to 95°, and the product was then recrystallised by dissolving 
2 grams in 25 grams of chloroform and adding 20 grams of light 
petroleum ; the acid separated in rosettes of flat, transparent prisms, 
and melted at about 84°, giving indications of softening at about 
60°, but after two days in the desiccator it melted at 104° with only 
slight previous softening. In this condition, 1°45 grams required 
41 grams of chloroform for complete dissolution, 53 grams of light 
petroleum being then added; the freshly withdrawn crystals melted 
at 102° without previous shrinking, but after twelve hours in a 
vacuum desiccator melted sharply at 104° (Found: C = 53:7; 
H=49; Cl=17'7. ©,H,O,Cl requires C=539; H= 45; 
(l= 17-7 per cent.). When separation from the above mixture 
takes place slowly, the chlorohydrin crystallises in flat, transparent, 
six-sided prisms, well formed and separated. 
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The Neutral By-products. 


Solid, obtained by the Method of Read and Andrews.—The residue 
from the light petroleum rapidly solidified, and having been drained 
on earthenware from a small quantity of oil having the odour oj 
chlorostyrene, was recrystallised from warm light petroleum, iy 
which it dissolves readily, separating in massive, transparent, 
rhomboidal prisms melting at 56° (Found: C= 50°3, 50-4; 
H=42, 44; Cl=37:1, 37:1. C,H,OCI, requires C = 502; 
H = 42; Cl= 37-2 per cent.). The substance is very readily 
volatile in steam, the vapour being pungent and sternutatory. 
When heated in aqueous alcohol with ammoniacal silver oxide, 
separation of silver chloride occurs, whilst benzoic acid and benzal- 
dehyde are produced. Boiling aniline is without action, but cold, 
concentrated sulphuric acid transforms the compound into a colour. 
less, amorphous material which has not been crystallised, being in- 
soluble in common organic media. The empirical formula is that of 
a chlorohydrin of chlorostyrene, very probably C,H;*CH(OH)-CHC,. 

Liquid, obtained by the Method of Erlenmeyer and Lipp.—The 
residue from the light petroleum remained liquid and was therefore 
distilled in steam. The volatile oil, having been collected by ether 
and dried with sodium sulphate, was distilled under atmospheric 
pressure, and the principal fraction, boiling at 197—200°, was 
redistilled almost completely at 197—199° (Found: C = 693; 
H=51; Cl=247. C,H,Cl requires C= 693; H=5; 
Cl = 25°6 per cent.). It thus appears to be chlorostyrene, which 
boils at 199°. 


a-T'riazo-8-hydroxy-B-phenylpropionic Acid, 
C,H,;-CH(OH)-CHN,-CO,H. 

Sodium phenylchlorolactate (20 grams), air-dried, was dissolved 
in cold water (100 c.c.), mixed with sodium azide (9 grams) in 
water (30 c.c.), and maintained at about 80° during one and a half 
hours, the liquid becoming slightly turbid and developing a faintly 
aromatic odour. The cold solution was filtered from a very small 
quantity of crystalline material and acidified with sulphuric acid 
(50 per cent.), the snow-white, crystalline precipitate, together with 
further amounts obtained on adding salt and by extraction with 
ether, weighing 10°7 grams. After recrystallisation from benzene, 
the triazo-acid melted at 122° (Found: C= 522; H= 4‘; 
N = 202. C,H,O,N, requires C = 52°22; H= 4:3; N = 20°3 per 
cent.). One gram of the acid requires about 4 c.c. of hot water or 
16 c.c. of hot benzene for dissolution, stellate aggregates of lustrous 
needles being deposited on cooling. Effervescence with concen- 
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trated sulphuric acid is very vigorous, but very slow with stannous 
chloride. When heated with aqueous sodium hydroxide (10 per 
cent.), the dissolved triazo-compound rapidly yields benzaldehyde 
along with ammonia, accompanied by slight effervescence; when 
action is complete, sodium azide is recognisable in the liquid. 

Methylation — A mixture of the triazo-acid (2 grams) and methyl 
sulphate (5 grams) was shaken with 20 per cent. aqueous sodium 
hydroxide (10 c.c.), added in small quantities. After extraction 
with ether, addition of sulphuric acid to the aqueous liquid pre- 
cipitated a colourless oil which became crystalline as the dissolved 
ether evaporated. The filtered product (1°5 grams) was warmed 
with light petroleum (17 grams), which deposited striated aggregates 
of prisms melting at 91° (Found: N= 187; CH,O = 13°9. 
CyyH,,0;N,; requires N=190; CH,O=140 per cent.). 
1-T'riazo--methoxy-8-phenylpropionic acid is freely soluble in cold 
benzene and dissolves readily in warm water; it is much more 
stable than the hydroxy-compound towards hot, aqueous sodium 
hydroxide, which removes the triazo-group very slowly and does not 
produce benzaldehyde. 


The foregoing experiments were conducted in the Davy-Faraday 
Laboratory of the Royal Institution. 
Roya Instrrution, W.1. [Received, October 13th, 1922.] 


CCCXII.—The Labile Nature of the Halogen Atom 
in Organic Compounds. Part VII. Absorption 
Spectra of the Halogen Derivatives of some Cyclic 
Compounds, and their Bearing on the Question of 
an Oxygen—Halogen Linking. 


By Hueu GranaM and ALEXANDER KILLEN MACBETH. 


Tue labile nature of the halogen atom in different types of organic 
compounds has been substantially demonstrated in the previous 
papers of this series (T., 1921, 119, 1356; this vol., pp. 892, 904, 
1116, 2169, 2527). Hypotheses to account for the reactivity of the 
halogen atom in some of the compounds examined had been pro- 
posed by various workers, a notable suggestion being that the labile 
nature of the halogen atom is connected with certain structural 
arrangements, the reactive compounds containing an oxygen- 
halogen linking (Vorlander and Kohlmann, Annalen, 1902, 322, 239 ; 
Willstatter and Hottenroth, Ber., 1904, 37, 1775). The question 
VOL. CXXI. 4T 
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of such a linking occurring in the molecule has already been examined 
(Graham and Macbeth, this vol., p. 1109), and the evidence obtained 
from a study of the absorption spectra of bromomalonic derivatives 
and nitroparaffins indicates that the view is untenable in these 
cases. It seemed of interest to extend the observations to other 
types of compounds containing reactive halogen atoms, and the 
results obtained furnish further support for the view that an oxygen- 
halogen linking does not occur in the reactive substances. 

The compounds now examined include 1 : 1-dimethyleyclohexane. 
3: 5-dione and cyclohexanespirocyclohexane-3 : £-dione and their 
halogen derivatives. Vorlinder and his collaborators prepared 
the dimethyldihydroresorcinol compound and examined its pro- 
perties and those of its halogen derivatives. The parent dione and 
its monohalogen derivatives behave as monobasic acids, forming 
neutral sodium salts. Their alcoholic solutions become deeply 
coloured on the addition of ferric chloride, and therefore the com- 
pounds exist in the enolic form. The dihalogen derivatives differ 
entirely from the monohalogen compounds in chemical properties, 
the latter resisting the action of boiling alkali whereas the former 
are readily decomposed by warm alkali or sodium carbonate solution, 
one of the halogen atoms being removed. To account for these 
differences, and the marked oxidising properties of the dihalogen 
compounds, the following formulz were proposed : 

CH,°CO CH,°CO CH,*CO 

Me,C¢ * NCH Me,CC * Nex Me,C¢ * Nex 

CH,°C-OH CH,°C-OH CH,°C-OX 


Vorlander further suggested that the bromoxyl structure probably 
occurred quite frequently in organic compounds, and advocated an 
oxygen-halogen linking in the case of dibromobarbituric acid (Baeyer, 
Annalen, 1863, 127, 229) and the dihalogen derivatives of diketo- 
hydrindenes (Zincke, Ber., 1887, 20, 3216; 1888, 21, 498, 2390). 
The absorption spectra of 1: 1-dimethylcyclohexane and its 
derivatives are expressed in Figs. 1 and 2. Reference to the curves 
shows that the parent dione has a strong selective absorption, the 
head of the band occurring at 1/A 3550, and persisting to a dilution 
of N/10,000. The absorption of the sodium salt is materially the 
same as that of the parent compound. The monohalogen derivatives 
also show the strong selective effect noted in the case of the 
parent dione, the band having much the same persistence as that 
observed in the previous cases. The band is, however, slightly 
shifted towards the red. A similar effect has been recorded in the 
case of pyridine and the chloropyridines (Hartley, T., 1885, 47, 
685; Purvis, Proc..Camb. Phil. Soc., 1908, 41, 568; Baker and Bally, 
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T., 1907, 91, 1124). In these cases it is found that the normal 
effect of attaching chlorine to the ring is to increase the persistency 
of the band observed, and to shift it towards the red. The shift, 
however, is greater than that noted in the present cases, and the 
spatial position of the substituents is connected with the change in 
the absorption. 
Fic. 1. 
1 : 1-Dimethyleyclohexane-3 : 5-dione. 
4-Bromo-1 : 1-dimethyleyclohexane-3 : 5-dione. 
4 :4-Dichloro-1 : 1-dimethylcyclohexane-3 : 5-dione. 
4:4-Dibromo-1 : 1-dimethyleyclohexane-3 : 5-dione. 
Fic. 2. 


1 : 1-Dimethyleycloherane-3 : 5-dione (in presence of NaOEt). 
4-Chloro-1 : 1-dimethyleyclohexane-3 : 5-dione. 
- 4-Chloro-4-bromo-1 : 1-dimethylcyclohexane-3 : 5-dione. 
4-Chloro-1 : 1-dimethyleyclohexane-3 :5-dione (in presence of 
NaOEt). 
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The absorption spectra of the dihalogen derivatives of 1 : 1-di- 
methylcyclohexane-3 : 5-dione are seen to differ entirely from those of 
the parent substance, the monohalogen derivatives, and the sodium 
salts. The strong selective action characteristic of these enolic 
compounds disappears, and, instead, a shallow band or a region of 
rapid extension is noted, the persistence of the band extending little 

472 
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beyond dilutions of V/100. It is therefore evident that the dihalogen 
compounds differ structurally from the parent dione and the mono. 
halogen derivatives, and it seems reasonable to conclude that jn 
them the enolic structure is absent : the bromoxy] structure is, we 
think, therefore ruled out, and the presence of an oxygen—halogen 
linking disproved. 

Thorpe and his collaborators have for some time been engaged 
in a study of the spiro-compounds, as an outcome of which it is hoped 
to gain an insight of the nature of valency as it occurs in carbon 
compounds. Norris and Thorpe (T., 1921, 119, 1199) prepared 
cyclohexanespirocyclohexane-3 : 5-dione and its halogen derivatives, 
These compounds possess the structural features of the dimethyldi- 
hydroresorcinol derivatives examined by Vorlinder, and show similar 
chemical properties. The presence of an oxygen—halogen linking 
in these compounds has been disproved experimentally by these 
workers by preparing the same chlorobromo-derivative by the 
alternative methods ‘of chlorinating the monobromo-compound and 
brominating the monochloro-derivative. Similar proof was adduced 
in the case of the dimethyldihydroresorcinol derivatives. The 
examination of the absorption spectra of this series of compounds 
has afforded further proof of the absence of an oxygen-halogen 
linking, and the results are expressed in the curves shown in Fig. 3. 

It will be seen that the absorption curves of cyclohexanes pirocyclo- 
hexane compounds are practically identical with the graphs of the 
corresponding 1 : l-dimethyleyclohexane derivatives. Becker and 
Thorpe (T., 1920, 117, 1579) directed attention to the fact that 
when the normal angle between two of the valencies of a carbon 
atom is altered as a result of their inclusion in a ring, the groups 
attached by means of the remaining valencies apparently take up 
altered positions in space. This effect in the compounds referred 
to above does not express itself in the absorption spectra of the sub- 
stances, and this is not unexpected in view of the fact that Drude (Anza. 
Physik, 1904, [iv], 14, 677, 936) showed that the mobile particles 
which cause absorption in the visible and ultra-violet regions are 
valency electrons : absorption in the ultra-violet and visible portions 
of the spectrum is therefore a highly constitutive property, and it 
is not surprising that the factor referred to above is not of sufficient 
magnitude to manifest itself in the spectra of the compounds. The 
additional weighting of the molecule in passing from the dimethyldi- 
hydroresorcinol to the spiro-compound is also insufficient to cause 
any difference in the absorptive power of the substance. The 
similarity between the spectra of the parent diones and their salts, 
and of the monohalogen compounds and their sodium compounds, 
is in agreement with the results recorded by Wright (T., 1914, 105, 
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669) on the relation between the absorptive powers of acids and 
their salts (compare also Hantzsch and Scharf, Ber., 1913, 46, 
434, 3570; Henri, Ber., 1913, 46, 464, 3650). 


Fia. 3. 


cycloHexanespirocyclohexane-3 : 5-dione. 

cycloHexanespiro-4 : 4-dichlorocyclohexane-3 : 5-dione. 

cycloHexanespiro-4 : 4-dibromocyclohexane-3 : 5-dione. 

eycloHexanespirocyclohexane-3 :5-dione (in presence of 
NaOEt). 

cycloHexanespiro-4-bromocyclohexane-3 : 5-dione. 


Fic. 4. 


N-Chloroacetanilide. 
Succinbromoimide. 
Succinchloroimide. 

Succinimide.* 
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Some reference may be made to a point of secondary interest 
which has arisen in the course of the work. It is well known that 
ethyl acetoacetate and its O-ethers show no result of selective action 
in their absorption spectra, but the metallic derivatives are character- 
ised by a deep band (Baly and Desch, T., 1904, 85, 1029; 1905, 
87, 766). On the other hand, the enolic forms of 1 : 1-dimethy]l- 
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cyclohexane- and cyclohexanespirocyclohexane-3 : 5-diones and their 
monohalogen derivatives are characterised by a strong selective 
absorption which is almost identical with the absorptions of their 
respective sodium salts. Hantzsch (Ber., 1910, 43, 3049) made an 
extended study of the absorption spectra of ethyl acetoacetate and 
its derivatives and concluded that the deep band developed in the 
presence of alkali represented the absorption of the sodium deriv. 
ative. To differentiate between the structure of this compound and 
the enolic form of the ester itself he proposed a “ ring” formula 
(I) for the sodium derivative, and suggested that an internal salt 
was formed by the calling into play of an auxiliary valency of the 
metallic atom. If it is to be assumed that sodium has an auxiliary 
valency, it would seem illogical to refuse one to the hydrogen atom : 
and Hantzsch’s assumption in itself does not account for the 
difference between the spectra of the enolic form of ethyl acetoacetate 
and the sodium derivative. It has been pointed out (Brannigan, 
Macbeth, and Stewart, T., 1913, 103, 406) that a distinction between 
the forms may be drawn if consideration is given to the conception 
of valency proposed by Gebhard (J. pr. Chem., 1911, [ii], 84, 561). 
According to this view, since there is very slight ionisation in the 
enolic form of ethyl acetoacetate, we are entitled to assume that the 
union between the hydrogen and oxygen atoms of the hydroxyl 
group is a strong one and there is no development of an “* ionised” 
valency : in the case of the sodium salt, which is much more readily 
dissociated, it is assumed that the union is weaker and the auxiliary 
or “ ionised ” valency required by Hantzsch’s formula is developed. 

The diones referred to are known to exist in the enolic form and 
behave as monobasic acids, forming neutral sodium salts. The 
hydrogen atom of the hydroxyl group is therefore capable of pro- 
nounced ionisation, and so may develop an “ ionised ”’ valency in 
the same way as the sodium atom: no difference is therefore to 
be expected in the spectra of the parent compound and its sodium 
salt. It is interesting to note that the substances now discussed fall 
into line with those hitherto examined in which a strong selective 
action is noted, for the same type of six-membered “ ring ”’ may be 
written for each. 
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The absorption spectra of some nitrogen haloids and the corre- 
sponding parent compounds are expressed in the curves shown in 
Figs. 4 and 5. The spectra of the sulphonamides and their metallic 
derivatives are much the same, as is seen on reference to the cases 
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2-Nitrotoluene-p-sulphonamide. 
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* The spectrum of acetanilide is taken from Crymble, Stewart, Wright, and 
Glendinning, T., 1911, 99, 451. 


of p-toluenesulphonamide and 2-nitrotoluene-p-sulphonamide. The 
halogen derivatives show absorption of much the same type as that 
of the compounds from which they are derived, an increase in the 
general absorption being noted in all the cases examined. This 
effect is illustrated in the spectra of acetanilide and N-chloroacet- 
anilide; succinimide, succinchloroimide, and suecinbromoimide ; 
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p-toluenesulphonamide, chloramine T, and dichloramine T. The 
introduction of the halogen atom into these substances appears to 
produce no radical change in the constitution of the compounds and 
therefore the reactivity is not to be explained on such grounds. 

The absorption spectra of all the types examined furnish direct 
evidence against the presence of an oxygen—halogen linking in the 
reactive halogen compounds, and the view that the labile nature of 
the halogen atom in such substances is accounted for by such a 
structure appears to be untenable. 


We wish to express our thanks to Professor A. W. Stewart and the 
Queen’s University of Belfast for access to their spectroscope, and 
to Mr. R. W. Kinkead, M.Sc., for assistance in the photographic 
work. 
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CCCXIIT.—Optical Rotations of the Sugars. Pari I. 
The Aldohexoses and Aldopentoses. 
By Jonn GwituiaAM Mattsy. 


THE difference in the molecular rotations of the «- and 8-forms of 
the aldoses is approximately constant (Hudson, J. Amer. Chem. 
Soc., 1909, 31, 66), so that on van’t Hoff’s theory of optical super- 
position group | has a fixed rotational value. 


eae group ses 


H-(-OH 
HO-C-H 


= 
H-C-OH ~ 2 
HO-C-H 3 , 
Ho 4 HC 
5 
6 


H-(-OH H-C-OH 
CH,OH CH,:OH 
a- Glucose. <—> B-Glucose. 


The rotation due to the combined effects of the other groups will 
be the mean of the rotations of the «- and @-forms, which will be 
called the (« +- 8)/2 value. It will be shown that the difference 
between the (« + 8)/2 values for epimeric aldopentoses and aldo- 
hexoses, which differ only with regard to group 2, is constant. 
A methed of classifying the sugars in two groups (d and I) is given, 


will 
1 be 
once 
Ido- 
ant. 
yen, 
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depending on the sign of the (« + 8)/2 value. Also, by solving 
equations derived from the configurations and rotations, the rota- 
tional value of each asymmetric group is calculated. 

As the ratio of the «- and -forms in the equilibrium mixture is 
1:2, and the difference between their rotations is constant (Hudson, 


Fia. 1. 


a +180 
+120 ea 


—!44 
a + B 
2 
d-Hexoses. a+ l-Pentoses. 
Configuration. = 2 Configuration. 

Name. 5432 value. Name. 432 
Galactose ...... —+4—- 180 Arabinose ...... 4++— 
TE cteupesacece —++4+4+ 60 Ribose ......-++ +444 
GGRED cccccnscs ——+-— 120 
Mannose ........- ——++ 0 
GOED. kescacece —+—— 60 Lyxose .....+++ 4+—— 
eeererre —+-—+ — 60 Xylose........++++ +—+ 


loc. cit.), the latter can be calculated from the rotation of the equili- 
brium mixture, which is the only value known in the case of some 
sugars. If these values are plotted graphically as in Fig. 1, using 
Rosanoff’s classification (J. Amer. Chem. Sor., 1906, 28, 114), 
it will be seen that the difference between the (« + 8)/2 values for 
epimeric sugars is constant, and that there is a similarity between 
pentoses and hexoses of similar configuration. The rotations can 


be found in papers by van Eckenstein and Blanksma (Chem. 
4T 
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Weekblad, 1908, 5, 777; 1909, 6, 373; 1913, 10, 664) and Hudson 
and Yanovsky (J. Amer. Chem. Soc., 1917, 39, 1013). 

It will be noticed, however, that in the case of mannose, idose, 
and xylose, the a-form has been placed vertically under the 8-forms 
of the other sugars. In these three cases the (« + 8)/2 value js 
zero or negative, whilst in all the other cases it is positive. This 
gives a new method, dependent on the rotation, for classifying the 


Fic. 2. 


a-Form ’ a+B B- Form. 


equilibrium. 


Hexoses. a+ 8B Pentoses. 


Configuration. 2 Configuration. 
Name. value. Name. 432 


Galactose J. 180 Arabinose 
Glucose +- 120 
60 
BMD sicse cscs 
0 


sugars, as opposed to that of Fischer (Ber., 1894, 27, 3208) based on 
the chemical relations of the sugars to d-glucose, and that of Rosanoff 
(J. Amer. Chem. Soc., 1906, 28, 114) based on whether the sugar 
could be synthesised by the cyanohydrin synthesis from d-glycer- 
aldehyde. If the rotations of the sugars in which the (« + 8)/2 
value is positive are plotted as in Fig. 2, all the «, equilibrium, and 
8 values occur on the same vertical lines, 


et 


udson 
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If the configurations of the above sugars are compared, it will be 
seen that all those in which group 4 is negative have the configuration 


idose, 
forms 
lue is 

This 
g the 


at a 
These are abnormal, as they will not form hydrazones with 
diphenylmethanedimethyldihydrazine (Votoéek, Ber., 1917, 50, 
35; Z. Zuckerind. Bohm., 1919, 43, 574; von Braun, Ber., 1917, 
50, 42). 
Similarly, all those in which group 3 is negative have the con- 
figuration 


4 3 2 
a =» == 

These sugars include lyxose and mannose, which are abnormal 
as regards their «- and #-rotations (Hudson and Yanovsky, loc. 
cit.), and these are the only two cases where there is a large 
discrepancy between the values used in the graphs above and the 
experimental values. 

It will also be noticed that mannose is the only sugar given above 
which has a negative value for the equilibrium mixture. Now 
mannose is abnormal as regards its activity to permanganate in 
alkaline and in neutral solution (Armstrong and Hilditch, T., 1920, 
117, 1088), and the fact that no @-derivatives have yet been prepared 
pure, and only one mannoheptose can be obtained by the cyano- 
hydrin synthesis. 

On equating the rotations and configurations given on the graphs 
above, and solving in the manner applied to derivatives of the 
sugar acids (Levene and Meyer, J. Biol. Chem., 1915, 23, 145; 
1916, 26, 355; 1917, 31, 623; Hudson, J. Amer. Chem. Soc., 1917, 
39, 462; Hudson and Komatsu, ibid., 1919, 41, 1141), the mole- 
cular rotational value of each asymmetric group is found to be as 
follows :— 


ipimeesiicadisiennacanstiveae 4 3 2 1 
ID hdd hen ciascadddddicn +- 60° + 60° — 60° +84° 
SUNN cecdeeccnscacesanecacuss —30° +-30° + 60° — 60° -+ 84° 


Using these values, it can be shown that allose and altrose should 
have the same rotations as mannose and glucose, respectively. 


on 
of | Lhe fact that the rotations due to groups 2 and 3 are equal and 
gar opposite explains Anderson’s observations (J. Amer. Chem. Soc., 
er § 1911, 33, 1510) that monosaccharoses containing the grouping I 
)/ OH H OH OH 
d re SS * a ee, exnn ll \ coment Vel Sete 
el (alee Sap Om | dilie ¢—G—G—-X (th 
H OH O H H O 


47T*2 
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(X =H or CH,°OH) are strongly dextrorotatory, and reversed 
positions of H and OH give strong levorotation, whilst the grouping 
II gives only weak rotations. 

Hudson and Yanovsky (loc. cit.) calculated the molecular rota. 
tional value for group 2 as —45°. 

Anderson (J. Physical Chem., 1916, 20, 269) has put forward 
the hypothesis that «-glucose has a butylene-oxide, and £-glucose 
a propylene-oxide, structure, and has also found a relation to exist 
between the configuration and the rotation of the sugars. 


In conclusion, the author wishes to thank Prof. F. S. Kipping, 
F.R.S., for his interest, and the Department of Scientific and 
Industrial Research for a grant which enabled the work to be carried 
out. 


CHEMISTRY DEPARTMENT, 
University Cottece, Norrincuam. [Received, August 15th, 1922.] 


CCCXIV.—The System Ammonium Sulphate-Glucinum 
Sulphate-Water at 25°. 


By Husert Tuomas STanuey Britton. 


In a previous paper (Britton and Allmand, T., 1921, 119, 1464), 
it was stated that the method of preparing glucinum sulphate by 
dissolving the hydroxide, precipitated by ammonium hydroxide, 
in sulphuric acid proved unsuccessful, as the precipitate retained 
sufficient ammonia to produce the double sulphate of glucinum 
and ammonium. After the precipitate had been dried on the 
water-bath for several days, it still retained ammonia but in 
amount insufficient to yield the double sulphate. The crystal- 
lisation of glucinum sulphate thus depends on the character 
of the three-component system glucinum sulphate-ammonium 
sulphate—water. 

Attempts to obtain crystals of glucinum sulphate from alcoholic 
solutions, by pouring hot concentrated solutions of these precipitates 
in sulphuric acid into alcohol, failed. If solutions containing 
ammonium sulphate were poured into alcohol, the mixed liquids 
formed two distinct layers, the lower one being somewhat viscous. 
From these alcohol-sulphuric acid solutions of the precipitates 
solid phases separated only when the solution of the precipitate 
which had been added was exceptionally concentrated. These 
solid phases were deliquescent and contained varying amounts of 
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the two sulphates in proportions which corresponded with no 
definite double salt. It will be observed from the data of the 
nary system—ammonium sulphate—water-ethyl alcohol—-enu- 
merated on pages 65 and 66 of Seidell’s “‘ Solubilities,”’ that the 
upper layer is always largely alcoholic and has a small ammonium 
sulphate content, whereas the lower layer is mainly aqueous and 
consequently has a large capacity to dissolve ammonium sulphate. 
The solubility of glucinum sulphate in alcohol is very small, but 
increases with the proportion of water introduced. Thus, if 
gucinum sulphate were included in the system just referred to, 
much would dissolve in the lower layer and little in the upper. In 
eiect, the lower layer would be made up of ammonium and glucinum 
sulphates, water, and alcohol in small quantity. 

This small amount of alcohol would have, in all probability, no 
other effect than to lower slightly the solubilities of the two sulphates. 
Toa great extent, therefore, crystallisation from the lower layer will 
depend on the system ammonium sulphate-glucinum sulphate— 
water. Moreover, the use of alcohol in the crystallisation of 
gucinum sulphate is deleterious when the solutions contain 
ammonium sulphate. 

The object of this work was therefore (1) to ascertain to what 
extent ammonia is retained by glucinum hydroxide, and (2) to 
investigate the ternary system ammonium sulphate-glucinum 
sulphate—water at a suitable temperature, namely, 25°. 


Lum, 


EXPERIMENTAL. 


I. Investigation of Glucinum Hydroxide Precipitates. 


The gelatinous glucinum hydroxide was precipitated in the cold 
from sulphuric acid and aqueous solutions of the sulphate, and 
rapidly filtered through a Biichner funnel, so that as much adhering 
mother-liquor as possible was removed. The products were dried 
either at room temperature or on a water-bath for varying periods. 
When dry, they were amorphous and no ammonia could be detected 
by smell. On examination, however, they were found to contain 
much ammonia, the amount of which was estimated. Further, it 
was found that the precipitates also held sulphate the molar 
proportion of which was slightly greater than that of the ammonia 
held by the respective precipitates. Hence the ammonia had been 
retained in the form of ammonium sulphate, and the slight excess of 
sulphate corresponded with the glucinum sulphate which had been 
carried down by the hydroxide precipitate. The following two 
sets of data, given in molar proportions, are typical analyses of the 
products obtained : 
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GlO. H,O. GISO,. (NH,),SO,. Remarks. 


1-00 1-111 0-043 0-614 From H,SO, solution. 

Dried for fifty hours at 100°, 
1-00 3-112 0-039 0-444 From H,O solution. 

Dried for ten days at 15°, 


Much of the ammonium sulphate could doubtless have been 
extracted by repeated decantation. That the first sample would 
contain the larger amount of ammonium sulphate was to be expected, 
as a large quantity was formed in the mother-liquor before pre. 
cipitation commenced. In the other case, the ammonium sulphate, 
of which, it appears, a relatively large amount was adsorbed, was 
produced by double decomposition. Again, in the former case, it 
will be observed that the effect of heating for a time at 100° was to 
drive off much of the water, which therefore appears to be mechan- 
ically held, the water retained being a little more than that required 
by the formula GIl(OH), (compare van Bemmelen, J. pr. Chem., 
1882, [ii], 26,227). Attempts were made to isolate such a substance 
from the gelatinous precipitate. It was found that if the dried 
glucinum hydroxide precipitate were finely ground and _ boiled 
with a large quantity of water, the adsorbed ammonium sulphate 
could be easily and completely extracted, together with a little 
of the glucinum sulphate. The following is a typical analysis of a 


precipitate, so treated, and dried for a day on a water-bath : 


1 mol. GIO : 1-17 mols. H,O : 0-019 mol. GISO,. 


After drying at room temperature for six weeks, the water content 
fell to 1-11 mols. It was exceedingly difficult to wash out the last 
traces of glucinum sulphate. Attempts to obtain glucinum 
hydroxide, agreeing exactly with the formula, by continued 
heating at 100° were unsuccessful. 


II. Isotherm at 25° of the System Ammonium Sulphate—Glucinum 
Sulphate—Water. 


The method adopted was that already described (loc. cit.). The 
eutectic points were obtained by making solutions of glucinum 
sulphate and ammonium sulphate, in proportions which could be 
ascertained approximately from the phase diagram, and stirring 
them with the appropriate solid phases until equilibrium was 
attained. The glucina and sulphate were estimated by standard 
methods. The amounts of ammonia calculated from these data 
were checked by the distillation method. 

The table gives the composition of the various liquid phases and 
their respective “rests” in grams per 100 grams. 
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Liquid phases. ** Rests.” Solid phases. 
GISO,. 
29-94 0 70-06 59-35 0 GI1SO,,4H,0. 
98:56 5:77 65-67 51-16 1:37 :; ‘ 
97:26 15-66 57-08 5218 3-07 7 ~ 
26-68 24-99 48-33 46-90 9-12 a 
6-79 2809 4512 — ie GISO,,4H,O and 
been GISO,,(NH,).SO,.2H,0. 
vould 2404 «32:20 43-76 33-64 42-84 23-52 GISO,.(NH,),80,,2H,0. 
; 22-08 34-26 43-66 32-83 42-93 24 pe 
cted, 19-72 37°56 4272 — — GISO,,(NH,),80,,2H,O 
pre- and (NH,),SO,. 
h 16-04 3588 48-08 7-59 71-09 “32 (NH,).SO,. 
ate, 8-62 3860 52:78 2-82 82-29 8 “- 
, Was 0 43-45 566-55 — — iA 
se, it er , ; 
sate As these solubilities are comparatively large, the isotherm can 
h ‘in be represented conveniently on the ordinary triangular scale. 
ured Fie. }. 
hem., 
ance W20 
lried 
oiled 
hate 


little 
of a 


C150, 


It will be noticed that the field of the double salt is quite small 
and that the point of intersection of its tie-lines indicates the 
constitution of the double salt as being GISO,,(NH,),SO,,2H,0. 

By referring to the composition of the dried glucinum hydroxide 
precipitates given in the table, it will be seen that supersaturated 
solutions of these precipitates in sulphuric acid, on attaining 
equilibrium at room temperature, will deposit crystals of glucinum 
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sulphate tetrahydrate, and if the degree of supersaturation js 
sufficiently high both the tetrahydrate and the double sulphate will 
separate. It is evident that the solid phases deposited from the 
alcoholic solutions must have been glucinum sulphate tetrahydrate 
and the double salt due to the exceptionally high concentrations 
of the solutions which had to be employed. In conclusion, it js 
advisable that the greater part of the ammonia should be removed 
from the glucinum hydroxide precipitate before proceeding with 
the preparation of glucinum sulphate; otherwise the double salt 
and glucinum sulphate tetrahydrate together, or the double salt 
alone, may separate, as was found to be the case in several instances, 


The author wishes to record his thanks to the Chemical Society 
for a grant from its Research Fund. 


Krnq’s COLLEGE, 
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CCCXV.—Orientation of the 1:4- and 1:5-Dimethyl- 
glyoxalines. Mode of Fission of 5-Aminoglyoxalines. 


By Frank Ler Pyman. 


SoME years ago, it was shown (T., 1910, 97, 1814) that 4-methyl- 
glyoxaline, which can also react as the 5-isomeride owing to virtual 
tautomerism, gave on methylation a mixture of the 1 : 4- and 1 : 5- 
dimethylglyoxalines (I and II) represented by oils which distilled 
at 198—199° and 224—225°. 

CH-NMe CMe-NMe 


L . 
©) OMe—n?CH CH—N7CH AIL) 


No conclusive evidence was produced at that time to show which 
of the two liquids was the 1 : 4- and which the 1 : 5-isomeride, but 
it was suggested that the base of lower boiling point was the 1 : 4- 
isomeride, since its dibromo-derivative was found, by a simple 
distribution method, to be more strongly basic than that of the base 
of higher boiling point, and it was thought that 2 : 5-dibromo-l : 4- 
dimethylglyoxaline (III) would be a stronger base than 2: 4-di- 
bromo-1 ; 5-dimethylglyoxaline (IV). 


CBr-NMe C e-NMe 
(IIT.) UMe-—N2 CBr iB n2CBr (IV.) 


The present investigation was undertaken with the object of 
determining definitely the orientation of these two dimethylglyox- 
alines. This is important from two points of view. First, because 
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it has been shown (T., 1910, 97, 1814) that the base of higher 
boiling point is identical with the dimethylglyoxaline isolated by 
Jowett (T., 1903, 83, 438) from the products of distillation of iso- 
pilocarpine with soda-lime, and its orientation consequently forms 
a step in determining the constitution of pilocarpine. Secondly, 
because a study of suitable derivatives of N-methylglyoxaline, 
such as these two bases, will bring to light the properties of sub- 
stituents in both the 4- and 5-positions of the glyoxaline nucleus, 
whereas similar study of glyoxalines containing a free imino-group 
furnishes information which may refer to either the 4- or 5-position 
owing to the operation of virtual tautomerism. 

The method adopted was an examination of the reduction 
products of the nitro-derivatives of the two isomerides, following 
closely the procedure of Fargher (T., 1920, 117, 668), who showed 
that the reduction of 5(or 4)-nitro-4(or 5)-methylglyoxaline (V) by 
means of cold stannous chloride gave a small quantity of 5(or 4)- 
amino-4(or 5)-methylglyoxaline (VI) together with dl-alanine (VIII) 
and ammonia, a glyoxalone (VII) being assumed to be an inter- 
mediate product of the fission. 

NO,C—-NH NH,°C-NH_ CO—NH 

CMen? Cd > "ben? > Gumen? CH 
(V.) (VI.) (VII.) 
—> (Vil) HO,C-CHMe-NH, + NH, + H:CO,H. 


It was clear that a successful degradation of 5-nitro-1 : 4-dimethyl- 
glyoxaline by these means should lead ultimately to the formation 
of dl-alanine, ammonia, methylamine, and formic acid, whereas 
4-nitro-1 : 5-dimethylglyoxaline should yield dl-N-methylalanine, 
ammonia (2 mols.), and formic acid. The results of the experiments 
have justified the view expressed previously with regard to the 
constitution of the dimethylglyoxalines, for it has been found 
that reduction of the nitro-derivative of the dimethylglyoxaline of 
lower boiling point gave amongst other products dl-alanine, whereas 
similar treatment of the nitro-derivative of the dimethylglyoxaline 
of higher boiling point gave dl-N-methylalanine. Both 1 : 4- and 
1:5-dimethylglyoxalines are readily nitrated, and since their nitro- 
derivatives can also be prepared simultaneously by the methylation 
of 5(or 4)-nitro-4(or 5)-methylglyoxaline (V), they are 5-nitro-1 : 4- 
limethylglyoxaline, (IX) and 4-nitro-1 : 5-dimethylglyoxaline (X), 
respectively, the latter being identical with the “ nitro-«-N-di- 
nethylimidazol ’’ obtained by Windaus (Ber., 1909, 42, 758) by 
litrating the mixed dimethylglyoxalines. 

NO,°C-NMe CMe-NMe 


IX. 
oe" Oven CH NO,Ga—n?CH &) 
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The yields of the two methyl derivatives obtained by methyl. 
ation of 5(or 4)-nitro-4(or 5)-methylglyoxaline differ widely, being 
in the proportion of 233 : 1, whereas on methylating 4(or 5)-methyl. 
glyoxaline (T., 1910, 97, 1814) the proportions of the 1 : 4- and 1:5. 
dimethylglyoxalines, isolated in a pure state, were as 2-2: 1, and on 
methylating 4(or 5)-cyanomethylglyoxaline (T., 1911, 99, 2175) the 
proportions of the 1 : 4- and 1 : 5-methyl derivatives,* isolated in a 
pure state, were as 29:1. The results show that glyoxalines 
capable of virtual tautomerism react as mixtures of the two tauto. 
meric forms, not necessarily in equal parts, but in proportions which 
differ from substance to substance, and they suggest that the 
polarity of the substituent groups determines the condition of 
equilibrium. Assuming that a compound capable of virtual 
tautomerism would react preferentially in the form of greater 
homogeneous polarity (Lapworth, Mem. Manchester Phil. Soc., 
1920, 64, ii, 1), 4(or 5)-methylglyoxaline would react pr. 
ferentially as A or B according to whether the negative polar effect 
of the tertiary nitrogen atom surpassed that of the imino-group or 
the reverse. 


~ + + +—+ 

CH-NH H,C-C-NH H,C-- 
H,C-O—n? CH CH-N7CH og.N.c- 
+ -_ 


- —-+-— 
(A.) (B.) (C.) 


Clearly, the introduction of the strongly polar nitro-group into the 
ortho-position to the methyl group as in C should greatly enhance 
the effect of the methyl group. 

It would appear from the above considerations that the glyoxaline 
ring may be usefully employed for comparing the polarities of 
substituents introduced into the 4- and 5-positions, and it is the 
author’s intention to study for this purpose the methylation of a 
number of derivatives of glyoxaline. 

Although the results of methylation show that these glyoxalines 
react preferably in one of the two possible tautomeric forms, it is 
not possible to identify the particular form until the mechanism 
of the alkylation of glyoxalines is known. 

If the alkylation is simply the replacement of the imino-hydrogen 
atom by the methyl group, then since 5-nitro-1 : 4-dimethylglyox- 
aline is formed preferentially, the parent compound is reacting 
mainly as 5-nitro-4-methylglyoxaline. 


* The constitutions of these bases and also of the methylated amino- 
ethylglyoxalines and glyoxalineacetic acids described in the same papet 
follow from the determination of the constitutions of the 1 ; 4- and 1 : 5-dis 
methylglyoxalines. 


and 
simi 
nitre 
is fc 
as 4 
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thy! NO, °C NO,°C- in, 
° 2 7 2 
thy]. 
1:5. On the other hand, it is known that the combination of N-alkyl- 


rye glyoxalines with alkyl salts results in the attachment of the latter 

) the f to the tertiary nitrogen atom (Pinner and Schwarz, Ber., 1902, 35, 

lina @ 2441), for example, N-methylglyoxaline combines with amy! 

lines § bromide to give a quaternary salt of the formula 

Auto. CH —-NMe 

a | eel 

- CH-NBr(C,H,,)7 8 

| the 
n of @ and it appears probable that the alkylation of glyoxalines takes a F 


similar course, the alkyl salt attaching itself to the basic tertiary 
nitrogen atom. In this case, since 5-nitro-1 : 4-dimethylglyoxaline 
is formed preferentially, the cea compound is reacting mainly 
as 4-nitro-5-methylglyoxaline (XI). 


rtual 
aater 


SO, Me 


NO,-C——Nx , NO,-C—-NMe~ NO, at NMex 6 


at)  CMeNH-> CH > “UMenH?CH >” MeN 


Reduction of 5-nitro-1 : 4-dimethylglyoxaline led to a mixture 
from which, besides dl-alanine, ammonia, and methylamine, 5- 
amino-1 :4-dimethylglyoxaline (XII) and _ dl-alanine-N-methyl- 
amidine (XIII) were isolated. The constitution of the latter was 


NH,°C-NMe NH,°C:NMe (XIII.) 
(Men? CH — CHMe-NH, 


proved by hydrolysis by means of alkali, when dl-alanine, ammonia, 


(XII) 


lin ' : a. 
, and methylamine were produced in nearly the theoretical quantities. 
the The isolation of dl-alanine-N-methylamidine is important, for 


it shows that in this case at least the mechanism of the degradation 
of the amino-glyoxaline to the amino-acid is due, not to the inter- 
mediate formation of a glyoxalone, but to the elimination of the 
carbon atom in the 2-position by hydrolysis, presumably as formic 
acid, and therefore resembles the well-known fission of glyoxaline 
and 4(or 5)-alkylglyoxalines on treatment with benzoyl chloride and 
aqueous sodium hydroxide, which leads in the case of glyoxaline 
itself, for example, to dibenzoyldiaminoethylene and formic acid 
(Bamberger and Berlé, Ber., 1892, 25, 278; Gerngross, Ber., 1913, 
46, 1913). 
CH-N CH-NH- 

In both reactions, the fission of the ring takes place when a negative 
substituent (alkyl, amino) is present in the 4(or 5)-position, and 
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this fact may be contrasted with a considerable amount of evidence 
that a positive group in the same position protects the ring from 
fission. Thus, 4-nitroglyoxaline (Windaus, Ber., 1909, 42, 758), 
glyoxaline-4-formaldehyde, methyl glyoxaline-4-carboxylate, and 
glyoxaline-4-carboxyanilide (Windaus, Dérries, and Jensen, Ber, 
1921, 54, [B], 2745) and also derivatives of glyoxaline containing 
a free carboxyl group in the 4-side chain (Windaus, Ber., 1910, 43, 
499) are unattacked by benzoyl chloride and sodium hydroxide, 
whilst 4-phenyl- and 4-o- and p-nitrophenyl-glyoxalines (Grant and 
Pyman, T., 1921, 119, 1893) resemble naphthiminazole (O. Fischer, 
Ber., 1901, 34, 930) in yielding normal N-benzoylglyoxalines, 
Possibly the failure of N-phenyliminobis-4 : 5-dimethylglyoxaline 
and 4-methyl-5-anilinomethylglyoxaline (XIV) (Gerngross, Ber., 
1919, 52, [B), 2304) to undergo fission or even benzoylation (except 
as regards the imino-group in the side chain of the latter com pound) 
under the same conditions may be attributed to the positive polarity 
of the carbon atom attached to the nucleus induced by the neigh- 
bouring anilino-group. 


{H-CH,*C— CMe-NMe~ 
PhNE-CH, 2‘f rumen 7 eh MeN ny CH > HO,C-CHMe-NHMe 
(XIV.) (XV.) (XVI) 


Reduction of 4-nitro-1 : 5-dimethylglyoxaline gave a mixture 
from which 4-amino-1 : 5-dimethylglyoxaline (XV), dl-N-methy!- 
alanine (XVI), and ammonia were isolated. 

The quantities of the two aminodimethylglyoxalines isolated 
were very small, but sufficient to show that the amino-group in 
both the 4- and 5-positions has aromatic character, since both 
amines after diazotisation gave solutions which coupled with sodium 
8-naphthoxide, but gave no marked coloration with sodium hydr- 
oxide. In this respect their behaviour differs from that of 2-amino- 
glyoxaline (Pyman and L. B. Timmis, J. Soc. Dyers and Col., 1922, 
38, 269). It is remarkable that both the aminodimethylglyoxalines 
are monacidic bases, for the corresponding secondary base, 4(or 5)- 
amino-5(or 4)-methylglyoxaline is diacidic (Fargher, loc. cit.), 
whereas N-methylglyoxaline is a stronger base than glyoxaline 
(Dedichen, Ber., 1906, 39, 1831). 


EXPERIMENTAL. 
1: 4- and 1 : 5-Dimethylglyoxalines. 


These bases were previously prepared (T., 1910, 97, 1814) by 
methylating 4-methylglyoxaline by means of methyl sulphate in 
alkaline solution, the 4-methylglyoxaline being prepared by Windaus 
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and Knoop’s method (Ber., 1905, 38, 1166). Their preparation is 
greatly facilitated by modifying the processes in certain respects. 
4-Methylglyoxaline is readily isolated in a pure state from the syrup, 
obtained by decomposing the crude zinc salt with hydrogen sulphide 
and evaporating the solution (Windaus and Knoop, loc. cit.), by 
adding anhydrous potassium carbonate, extracting with chloroform, . 
and distilling the chloroform residue under diminished pressure. 

The methylation of 4-methylglyoxaline is conveniently effected 


oe by dissolving the base in two parts of benzene, and adding methyl 
He: iodide (1 mol.). The solution gradually becomes warm and turbid, 


and is cooled slightly when necessary to prevent ebullition. When . 
the vigour of the reaction has diminished, the product is heated for 
half an hour on the water-bath under reflux, and then the benzene . 
is distilled off. The residue is dissolved in water, and the solution 
saturated with potassium carbonate and extracted with chloroform. 
The chloroform residue from 150 grams of 4-methylglyoxaline 


igh amounted to 100 grams, and on fractionation twice under normal 
pressure, using a 20-bulb rod and disk column, gave two main 
fractions, namely, 39 grams of 1 : 4-dimethylglyoxaline boiling at 

Me 198—200°, and 17 grams of the | : 5-isomeride boiling at 220—223°, 
besides 31 grams of fractions of intermediate boiling point. The 
principal fractions were converted into the nitrates, and crystallised 

ire from water, in which they are very easily soluble, when | : 4-di- 

. methylglyoxaline nitrate formed long needles, which melted at 103— 
104° (corr.), and 1 : 5-dimethylglyoxaline nitrate formed large prisms, 

ed which melted at 128—129° (corr.). 

in 

th The Nitrodimethylglyoxalines. 

m A. Preparation by Nitration of the Dimethylglyoxalines.—The 


nitrates of the dimethylglyoxalines were added gradually to con- 
centrated sulphuric acid (2 c.c. to each gram), cooling slightly with 
water, and subsequently heating the solution for two hours on the 
water-bath. On diluting the solutions with water, and adding 
excess of sodium hydroxide, the product from the nitration of 1 : 5- 
dimethylglyoxaline gave a crystalline precipitate of the pure nitro- 
compound, melting at 160—161°, in a yield amounting to 83 per 
cent. of the theoretical, whilst the product from the nitration of 
the 1 : 4-isomeride, which gave an oil, was extracted with chloro- 
form. On removing the solvent, nearly pure nitro-1 : 4-dimethyl- 
glyoxaline was obtained, in almost theoretical yield, as an oil which 
solidified on cooling. 

B. Preparation by the Methylation of 5-Nitro-4-methylglyoxaline. 
—A mixture of 20 grams of 5-nitro-4-methylglyoxaline and 15 c.c. 
of methyl sulphate was heated for one hour in boiling water. The 
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product was dissolved in water, basified with sodium hydroxide, 
and extracted completely with chloroform. The alkaline solution 
gave on neutralisation 1:2 grams of unchanged material, melting 
at 248°. The chloroform residue was added to a solution of 24 
grams of picric acid in 800 c.c. of hot water, when 36-0 grams of 
pure 5-nitro-1 : 4-dimethylglyoxaline picrate separated, melting at 
176° (corr.), alone or mixed with the picrate of the nitration product 
of 1 : 4-dimethylglyoxaline. The mother-liquor was evaporated to 
low bulk, mixed with hydrochloric acid, and extracted with ether 
to remove picric acid. The aqueous solution was evaporated to 
dryness in a vacuum and moistened with water, when 0°03 gram of 
4-nitro-1 : 5-dimethylglyoxaline, melting at 158—159°, separated. 
The filtrate was basified with sodium hydroxide and extracted with 
chloroform, which removed 0:2 gram of oil; this, after being 
moistened with water, deposited a further quantity of 0°03 gram, 
also melting at 158—159°. The total amount, 0°06 gram, was 
recrystallised from water, using charcoal, and gave pure 4-nitro- 
1 : 5-dimethylglyoxaline, melting at 160—161° (corr.), alone and 
mixed with the nitration product of 1 : 5-dimethylglyoxaline. The 
yields of the two methyl derivatives are 67:5 and 0°29 per cent. of 
the theoretical, respectively, allowing for the unchanged material. 
5-Nitro-1 : 4-dimethylglyoxaline crystallises from ether in long, 
colourless, prismatic needles which melt at 57—58° (corr.). It is 
easily soluble in water, giving a solution alkaline to litmus. It is 
easily soluble in alcohol, ether, chloroform, or benzene, but very 
sparingly soluble in light petroleum. It boils at 155°/10 mm., but 
undergoes slight decomposition when distilled under normal 
pressure (Found: C= 42:2, 42°55; H=50, 50; N= 300. 
C,H,0,N, requires C = 42°6; H = 5:0; N = 29°8 per cent.). 

The picrate crystallises from water in stout, yellow needles which 
melt at 176° (corr.). It is sparingly soluble in hot and very sparingly 
soluble in cold water (approximately 1 in 1000). 

4-Nitro-1 : 5-dimethylglyoxaline crystallises from water in long, 
colourless needles, which melt at 160—161° (corr.), and is thus 
identical with the “ nitro-«N-dimethylimidazol ” of Windaus (loc. 
cit.). It is somewhat sparingly soluble in cold water, or cold organic 
solvents. The picrate crystallises from water in large, pale yellow 
prisms, which soften at 66° and melt at 66—69° (corr.) to a turbid 
liquid. It is somewhat sparingly soluble in cold water (approxi- 
mately 1 in 50). 

Reduction of 5-Nitro-1 : 4-dimethylglyoraline.—Fourteen grams 
of the nitro-compound, melting at 57—58°, were dissolved in 50 c.c. 
of concentrated hydrochloric acid, and to the solution 68 grams of 
hydrated stannous chloride, dissolved in 150 c.c. of concentrated 
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hydrochloric acid, were added in the course of half an hour at 10°. 
The mixture was kept over-night, and filtered from a crystalline 
sannichloride, the filtrate being then treated with 30 grams of tin 
foil and evaporated to dryness. Both the crystalline tin salt and 
the residue were deprived of tin by hydrogen sulphide, and gave 


1s of 

g at 110 and 5:5 grams of nearly colourless, amorphous hydrochlorides. 
duct The two fractions were mixtures containing largely the same 
dto @constituents and were therefore combined. The residue, after 


ther extraction with alcohol, when 0°5 gram of ammonium chloride 
1 to @ separated, and removal of the solvent, was added to a solution of 
n of 25 grams of picric acid in 2 litres of water, when on cooling and on : 


encentration various deposits of picrates, at first amorphous and 
later crystalline, were obtained (mother-liquor from deposition of 
pirates, M). The amorphous picrates became partly crystalline 
on warming with alcohol, and the total crystalline material was 
subjected to a prolonged fractional crystallisation from water, 
when eventually 2°7 grams of 5-amino-1 : 4-dimethylglyoxaline 
picrate and 3°0 grams of dl-alanine-N-methylamidine dipicrate 
were isolated in a pure state. The mother-liquor M was extracted 
with ether to remove picric acid, evaporated to dryness, and 
extracted with alcohol, when 0-7 gram of ammonium chloride 
separated, the filtrate leaving 3°3 grams of syrupy residue. This 
was mixed with an excess of aqueous sodium hydroxide, and the 
volatile amines were distilled into hydrochloric acid. The distillate 
was evaporated and gave 1°3 grams of crystalline hydrochloride, 
of which 0-25 gram was insoluble in absolute alcohol, whilst the 
residue, after drying at 100°, was found to contain 54-4 per cent. of 
chlorine and consisted chiefly of methylamine hydrochloride 
(CH,NCI requires Cl = 52-5 per cent.). The alkaline solution was 
acidified with hydrochloric acid, evaporated to dryness, and ex- 
tracted with alcohol, which removed 1-7 grams of syrupy hydro- 
chlorides. After removing chlorine by silver carbonate and excess 
of silver by means of hydrogen sulphide, the product gave 0-3 gram 
of crude dl-alanine, which melted at 280° and after two crystallis- 
ations from water melted at 290° (corr.), alone or mixed with a 
synthetic specimen, kindly given to the author by Dr. T. A. Henry, 
Director of the Wellcome Chemical Research Laboratories. 
dl-Alanine-N-methylamidine dipicrate crystallises from water in 
yellow, elongated plates which melt and decompose at 200° (corr.). 
It is moderately easily soluble in hot water, but very sparingly 
soluble (about 1 in 625 parts) in cold water. It decomposes suddenly 
when heated above its melting point and proved to be unsuitable 
forcombustion. When treated with hydrochloric acid and extracted 
with cther, it gave 80-3 per cent. of picric acid ; CgH,,N3,(CgH30,N3)2 
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requires picric acid = 81-9 per cent. The dihydrochloride was 
prepared from the picrate by treatment with hydrochloric acid and 
ether. It crystallises from water in large, colourless prisms which 
melt at 242° (corr.) after sintering earlier. It is anhydrous and 
easily soluble in water, giving a solution strongly acid to litmus, 
but almost insoluble in absolute alcohol (Found : C = 27-7; H = 75; 
N = 24:0. (C,H,,N;,2HCl requires C = 27-6; H = 7-5; N = 24] 
per cent.). 

0-6 Gram of the dihydrochloride was boiled with an excess of 
aqueous barium hydroxide and the volatile amines were collected 
in aqueous hydrochloric acid. This on evaporation gave 0-40 gram 
of crystalline hydrochlorides, containing Cl = 57-8 per cent., the 
calculated yield of a mixture of methylamine hydrochloride and 
ammonium chloride in equimolecular proportions being 0-41 gram 
containing Cl = 58-6 per cent. The mixture was partly soluble 
in absolute alcohol, and the soluble portion was converted into the 
platinichloride in two fractions which were found to contain Pt = 
42-2 and 41-8 per cent., respectively : (NH,Me),,H,PtCl, requires 
Pt = 41-3 per cent. 

The non-volatile fraction from the distillation was deprived of 
barium by the exact quantity of sulphuric acid and evaporated to 
dryness, when 0-42 gram (cale., 0-433 gram) of dl-alanine hydro- 
chloride remained. This was deprived of chlorine by treatment 
in aqueous solution with silver carbonate, freed from traces of silver 
by means of hydrogen sulphide, and evaporated to low bulk, when 
dl-alanine separated in colourless prisms which melted at 286° (corr.), 
a specimen of the synthetic acid and a mixture of the two melting 
at 287-5° (corr.) in the same bath. The identity of the acid was 
also confirmed by analysis (Found: in substance dried at 100°, 
+= 404; H= 7-95. Cale., C = 40-4; H = 7-9 per cent.). 

Reduction of 4-Nitro-1 : 5-dimethylglyoxaline—Fourteen grams 
of the nitro-compound, melting at 160—161°, were reduced under 
the same conditions as the isomeride, and worked up in the same 
way, except that no crystalline stannichloride separated in this 
case. There were thus obtained in a pure state 3-0 grams of 4-nitro- 
1 : 5-dimethylglyoxaline picrate, the mother-liquor from this yielding 
small quantities of other crystalline picrates, which were not 
obtained in a pure state, 3-4 grams of ammonium chloride, and 
0-4 gram of dl-N-methylalanine. After recrystallisation from 
either water or strong alcohol, this substance formed prisms con- 
taining }H,O, and on heating softened and sublimed from about 
295° and effervesced, apparently being distilled, at 307° (corr.) 
(Found: loss at 120° = 7-8, 8-2. Cale., for }H,O, loss = 8-0. 
Found, in anhydrous acid: C=460; H=86; N= 13%. 


1:4- AND 1 : 5-DIMETHYLGLYOXALINES. 2625 


(ule, C= 46-6; H=8-7; N = 13-6 per cent.). It was easily 
gluble in water or hot alcohol. Its properties thus agree with the 
description of this acid given by Gansser (Z. physiol. Chem., 1909, 


64, 16). 


The Aminodimethylglyoxalines. 


5-Amino-1 : 4-dimethylglyoxaiine picrate crystallises from water 
in long, stout, orange needles which darken from about 200° and 
melt and decompose at 209° (corr.). It is anhydrous and very 
garingly soluble in cold water (Found: C= 38-5; H = 3-7; 
N= 24-6. C,;H,N,.C,H,0,N, requires C = 38:8; H= 35; N= 
%7 per cent.). 

The hydrochloride was obtained by decomposing the picrate with 
hydrochloric acid and ether, when picric acid was recovered in the 
calculated yield. It crystallises from alcohol in greyish-white, 
prismatic needles, which darken from about 210° and melt to a dark 
red liquid at 253° (corr.) (Found, in substance dried in a vacuum 
wer H,SO,: C=405; H=67; N=287; Cl= 24-2. 
(,HyN3,HCl requires C=407; H=68; N= 28-5; Cl= 24-1 
per cent.). 

This salt dissolves in 20 per cent. aqueous sodium hydroxide, 
giving a clear solution which quickly deposits colourless plates 
melting at about 155°. This substance—presumably the corre- 
sponding base—is easily soluble in water, or alcohol, but sparingly 
soluble in ether. It crystallises from alcohol in diamond-shaped 
plates, which melt at 160°. 

4-Amino-1 : 5-dimethylglyoxaline picrate crystallises from water 
in brownish-yellow plates which darken from about 180° and melt 
and decompose at 220° (corr.). It is anhydrous and very sparingly 
soluble in cold water (Found: C = 38-6; H=3-6; N = 25:3. 
C;H)Nz,C,H,0,N, requires C = 38:8; H=35; N = 24-7 per 
cent.). 

The hydrochloride was obtained by decomposing the picrate 
with hydrochloric acid and ether, when picric acid was recovered 
in the calculated yield. It crystallises from absolute alcohol in 
greyish-white spikes, which darken from about 195° and melt at 
225° (corr.) (Found, in substance dried in a vacuum over H,SQ, : 
C=40-4; H=6-7; N = 28-6; Cl = 24-3. C,H,N,,HCl requires 
C=40-7; H=68; N=285; Cl= 24-1 per cent.). This 
salt dissolves in 20 per cent. aqueous sodium hydroxide, giving a 
clear solution which slowly deposits small prisms, which melt at 
about 85° and probably represent the corresponding base. 

The hydrochlorides of 5-amino-1 : 4-dimethylglyoxaline (A) and 
4-amino-1 : 5-dimethylglyoxaline (B) are readily soluble in water, 
giving solutions neutral to litmus, fairly readily soluble in hot, but 
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sparingly soluble in cold absolute alcohol. After treatment with 
hydrochloric acid and sodium nitrite, both amines give colourley 
solutions which yield with sodium hydroxide only faintly yelloy 
solutions, but give on addition to aqueous sodium §$-naphthoxié 
as to A a clear cherry-red solution, and as to B a sparingly solubk 
orange dye. On treatment with aqueous sodium acetate an 
benzaldehyde, B gives a crystalline benzylidene derivative, whils 
A apparently also forms a benzylidene derivative, although this 
did not crystallise. Hot (but not cold) ammoniacal silver nitrat, 
is reduced by both amines. Neither amine gives a coloration with 
cold ferric chloride, but on warming the solutions A turns yellow 
and B shows no change. On adding aqueous sodium hydroxide to 
solutions of the amines containing sodium nitroprusside, A gives an 
immediate brownish-yellow colour, whilst B gradually develops a 
lemon-yellow colour. 


The author is indebted to Mr. I. E. Balaban, M.Se.Tech., for 
carrying out the analyses recorded in this paper. 
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CCCXVI.—Bromo-derivatives of 2-Methylglyoxaline. 


By Louts Lieut and Frank Ler Pyrman. 


THE bromination of 2-methylglyoxaline has been studied previously 
by Radziszewski (Ber., 1882, 15, 2707), who isolated a product 
which he regarded as tribromo-2-methylglyoxaline. This is now 
shown to be the hydrobromide of 4 : 5-dibromo-2-methylglyoxaline 
(I). On reducing this base with aqueous sodium sulphite in excess, 
4-bromo-2-methylglyoxaline (11) results, and this yields on nitration 
4-bromo-5-nitro-2-methylglyoxaline (LII), and on_ sulphonation 

4-bromo-2-methylglyoxaline-5-sulphonic acid (IV). 
ih aN >CMe — te aN >CMe —> —_ tae 
"ay MM) \Y (IIL.) 


HO,S- C-NH 
CBr *N 


>CMe 


> CMe (IV.) 


The behaviour of the mono- and di-bromo-derivatives of 2-methyl- 
glyoxaline is thus similar to that of 4-bromo- and 4 : 5-dibromo- 
glyoxalines (Balaban and Pyman, this vol., p. 947). 


BROMO-DERIVATIVES OF 2-METHYLGLYOXALINE, 2627 


ExPERIMENTAL 


4 : 5-Dibromo-2-methylglyoxaline. 


Ten grams of 2-methylglyoxaline in 60 c.c. of chloroform were 
treated with a solution of 40 grams of bromine in chloroform at 
—5° to 0°. The product was distilled with steam to remove chloro- 
form and excess of bromine, and the resulting aqueous solution was 
kept, when 9-7 grams of dibromo-2-methylglyoxaline hydrobromide 
separated. On concentration, a further quantity of 1-4 grams of the 
same salt separated, the two crops yielding 7-7 grams of the base 
on treatment with hot water and a limited quantity of sodium 
carbonate ; the yield is thus 26 per cent. of the theoretical. 


esanfi. The mother-liquors on distillation with sodium carbonate gave 
Ops af ammonia in a yield of 22 per cent. of the theoretical, but apart 


from a little oxalic acid and a trace of unchanged 2-methylglyoxaline, 
no crystalline by-products of the reaction could be isolated. 

4: 5-Dibromo-2-methylglyoxaline crystallises from 40 per cent. 
aqueous alcohol in long, silky needles, which sinter and darken at 
about 236° and melt at 239—240° (corr.) to a dark brown liquid 
(Found: C = 20-1; H=1-9; N=118; Br= 66-0. C,H,N,Br, 
requires C = 20-0; H = 1-7; N = 11-7; Br = 66-6 per cent.). 

It is soluble in about 350 parts of boiling water, almost insoluble 
in cold water, giving a solution neutral to litmus, easily soluble 


é, in alcohol, acetone, ethyl acetate, or glacial acctic acid, fairly easily 
soluble in ether, but very sparingly soluble in chloroform, benzene, 
or light petroleum. It is soluble in cold aqueous sodium hydroxide 

usly J or strong aqueous ammonia, but not in aqueous sodium carbonate. 

luct The hydrochloride and hydrobromide were obtained by dissolving 


the base in warm 5N-solutions of the corresponding acids, and allow- 
ing the solutions to cool, when they separated in irregular, prismatic 
needles, which charred at about 255° and 280°, respectively. 
Both salts dissociate on the addition of water, giving the base. 
Radziszewski’s ‘‘ Tribromo-2-methyl-glyoxaline.”’—By the action of 
bromine on 2-methylglyoxaline in aqueous solution, Radziszewski 
(loc. cit.) obtained a white precipitate, which crystallised well from 
alcohol, melted at 258°, and contained Br = 74-9 per cent. He 
regarded this compound as tribromo-2-methylglyoxaline, which 
requires Br = 75-2 per cent., but repetition of his experiment has 
shown that this product is 4 : 5-dibromo-2-methylglyoxaline hydro- 
bromide, which requires Br =: 74-8 per cent., for it had no definite 
melting point, but charred at about 280°, and was dissociated on 
the addition of water, giving the base 4 : 5-dibromo-2-methyl- 
glyoxaline, which melted at 239—240° (corr.), alone or mixed with 
the substance prepared as described above, 
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Another tribromo-2-alkylglyoxaline is described by Radziszews; 
and Szul (Ber., 1884, 17, 1291), who record the formation of di- an 
tri-bromo-derivatives by the bromination of 2-isobutylglyoxaline: 
their description of the tribromo-derivative, however, makes jj 
quite clear that this is the hydrobromide of the dibromo-compound, 
4 : 5-dibromo-2 -isobutylglyoxaline. 

Reduction of 4 : 5-Dibromo-2-methylglyoxaline by Sodium Sulphit 
—When the dibromo-compound is boiled with 20 per cent. aqueoy 
sodium sulphite, it is reduced to 4-bromo-2-methylglyoxaline, and 
no by-product of the reaction has been observed. When onefy 
molecular proportion of sulphite was employed, the monobromo. 
derivative was obtained in a yield of only 23 per cent. of the theo. 
retical after boiling for seven hours, a large amount of the dibromo. 
compound remaining unchanged, and in order to complete the 
conversion it was necessary to employ a large excess of sulphite, 
Five grams of the dibromo-compound were boiled with 25 grams 
(5 mols.) of hydrated sodium sulphite in 20 per cent. aqueous 
solution for six hours under reflux. On cooling the clear solution, 
1-9 grams of the monobromo-compound crystallised out, and a 
further quantity of 0-8 gram was obtained by extraction with ether, 
The yield thus amounts to 82 per cent. of the theoretical, and the 
product was nearly pure, melting at 159—161°. It was purified 


by conversion into the picrate and crystallisation of this salt from 
water. 


4-Bromo-2-methylglyoxaline. 


4-Bromo-2-methylglyoxaline crystallises from water in short, stout 
rods or from chloroform in elongated plates, which melt at 162— 
163° (corr.). It is soluble in about 10 parts of boiling water, giving 
a solution feebly alkaline to litmus, somewhat sparingly soluble in 
cold water, very readily soluble in alcohol, ethyl acetate, or acetone, 
readily soluble in ether, fairly readily soluble in chloroform or 
benzene, and almost insoluble in hot light petroleum. It is readily 
soluble in dilute mineral acids or sodium hydroxide, and more 
soluble in aqueous ammonia than in water, but not so in aqueous 
sodium carbonate. It gives a clear cherry-red solution with sodium 
diazobenzene-p-sulphonate in the presence of sodium carbonate 
(Found: C = 29-4; H= 3-4; N= 17-0; Br= 49-4. C,H;N,Br 
requires C = 29-8; H = 3-1; N = 17-4; Br = 49-6 per cent.). 

The hydrochloride crystallises from 5N-hydrochlorie acid in 
colourless, quadrilateral plates, which contain 1H,O and _ after 
drying at 100° melt at 187—188° (corr.). It is readily soluble in 
water, giving a solution strongly acid to litmus, but is sparingly 
soluble in cold hydrochloric acid (Found: in air-dried salt, 
C= 22:0; H=3-7; N= 13-4; Cl= 16-5; loss at 110° = 88: 
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iC,H,N,Br,HC1,H,O requires C = 22-3; H=37; N=13-0; 
m= 16-5; H,O = 8-4 per cent.). 

The nitrate crystallises from water in silky needles which are 
anhydrous and melt and decompose at 132° (corr.) It is easily 
gluble in water or alcohol (Found: C= 218; H= 2-5. 
(,H;,N,Br, HNO, requires C = 21-4; H = 2-7 per cent.). 

The picrate crystallises from water in yellow, prismatic needles, 
hich melt at 161—163° (corr.). It is easily soluble in hot and 
sparingly soluble in cold water (Found: C = 30-8; H = 2-4; 
N=181. C,H;N,Pr,C,H,0,N, requires C = 30°38; H = 2:1; 
N= 17-9 per cent.). 

Nitration of 4-Bromo-2-methylglyoxaline.—-Three grams of 4-bromo- 
imethylglyoxaline nitrate were added to 6 c.c. of concentrated 
silphuric acid, and the solution heated for two hours in a water- 
bath. After diluting it with water, and neutralising the greater 
part of the acid with sodium hydroxide, 2-25 grams of the pure 
titro-compound were collected, that is, 82 per cent. of the theoretical 
yield. 

4-Bromo-5-nitro-2-methylglyoxaline crystallises from water in 
small, colourless needles and from alcohol or glacial acetic acid in 
plates which melt and decompose at 268° (corr.) after previous 
sintering (Found: C = 23-1; H = 2:3; Br = 38-4. C,H,O,N,Br 
requires C = 23-3; H = 1-9; Br = 38-8 per cent.). It is sparingly 
soluble in boiling water, and almost insoluble in cold water, easily 
soluble in hot alcohol or hot glacial acetic acid, but almost insoluble 
inether, chloroform, or benzene. It is soluble in 5N-hydrochloric 
acid, giving a colourless solution, from which it is precipitated on 
dilution with water, and dissolves readily in aqueous sodium 
hydroxide, sodium carbonate, or ammonia, giving yellow solutions. 
On exposure to bright sunlight, it becomes pale green in colour, 
and thus resembles 5-nitro-4-methylglyoxaline (Windaus, Ber., 
1909, 42, 758) and 4-o-nitrophenylglyoxaline (Grant and Pyman, 
T., 1921, 149, 1893). 

Sulphonation of 4-Bromo-2-methylglyoxaline—Two grams of 
4-bromo-2-methylglyoxaline were converted into the sulphate by 
the addition of 3 c.c. of sulphuric acid, 10 c.c. of 70 per cent. oleum 
were added, and the mixture was heated under reflux for three hours 
at 1560—160°. The product was poured on to ice, when 2-3 grams of 
practically pure sulphonic acid separated, that is, 83 per cent. of the 
theoretical yield. 

4-Bromo-2-methylglyoxaline-5-sulphonic acid crystallises from 
water in elongated prisms which sinter and darken from about 
255° and melt and decompose at 266° (corr.). It contains 1H,0, 
which is not lost at 120°. It is soluble in about 14 parts of boiling 
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water and in more than 100 parts of cold water. It is very sparinglysts 
soluble in absolute alcohol (Found : C = 18-4, 18-5; H = 2-7, 24: 
Br = 30-9. ©,H;0,N,BrS,H,O requires C = 18-5; 
Br = 30-9 per cent.). 

Hydrolysis —0-5 Gram of the sulphonic acid was heated with 
5 c.c. of 36 per cent. sulphuric acid for three hours at 170°. Qh 
basifying the solution, 0-17 gram of pure 4-bromo-2-methylgly. 
oxaline separated. 


The authors are indebted to the Wellcome Chemical Resear 
Laboratories for a part of the 2-methylglyoxaline employed in this 
investigation. 


Municrpat CoLLece or TECHNOLOGY, 
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CCCXVII.—Action of Ammonium Nitrate and of 
Aqueous Ammonia on Copper. Properties of Cupric 
Tetrammine Nitrite and Nitrate. 


By Henry Basserr and Reernatp GRAHAM DURRANT. 


Tar solutions of ammonia or ammonium salts rapidly attack copper 
is well known. The case of the attack by ammonium nitrate in 
aqueous solution assumed considerable interest in connexion with 
the use of copper or alloys of copper in the manufacture of ammuni- 
tion. When these were used in conjunction with high explosives 
containing ammonium nitrate, corrosion was liable to occur soonet 
or later whenever absorption of moisture by the explosive allowed 
aqueous exudations therefrom to come into contact with the copper 
or copper alloy. Such corrosion rarely occurred except in situations 
where some air at least was present, indicating that atmospheric 
oxygen was essential to the process, as is normally the case in the 
corrosion of metals by salt solutions. Striking dark blue and green 
products, resulting from contact of ammonium nitrate with copper, 
immediately directed attention to the action. It became necessary 
to examine these products, as indeed many others, to see whether 
they were likely to prove dangerous or harmful. Into the full 
details of this aspect of the matter it is not necessary to enter, 
but a few points bearing on the chemistry of copper are now 
recorded. 

It was at once recognised that the dark blue, prismatic crystals 
formed in the corrosion of copper by ammonium nitrate consisted of 
cupric tetrammine nitrate, Cu(NH,),(NO;)., whilst the green sub- 
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tance also present was the basic nitrate, Cu(NO,).,3Cu(OH),. 
Roth of these are well-known compounds and can readily be pre- 
ed in a pure state. The corrosion products also contained small 
amounts of other substances, notably of nitrite, and the main 
interest from the chemical point of view centred round the question 
as to the form in which this was present. , 

Although not giving a true picture of the course of the reaction, 
the equation 
itu + 4NH,NO, + H,O + 50 = Cu(NH,),(NO 3), + 

Cu(NOs).,3Cu(OH), 

probably represents fairly well the net result of the main reactions 
occurring between copper and ammonium nitrate in presence of air 
and water. The products of corrosion actually found in practice 
do not as a rule contain the basic nitrate and the tetrammine in 
euimolecular proportions, and this for two reasons :, First, because 
the concentrated solution of the highly soluble tetrammine nitrate 
is separated, by diffusion and by capillary action, from the basic 
nitrate, which is deposited in the solid state; secondly, because 
hydrolysis occurs in situations where the tetrammine is exposed to 
moist air and causes it slowly to revert to the basic nitrate with loss 
ofammonia. Thus it was often noticed that a green crust of the 
basic nitrate was in contact with the metal, the blue tetrammine 
deposit overlying it, but in some cases the latter deposit was separated 
by some distance from the former. Where the corrosion occurs in 
presence of much water, the blue tetrammine may never be in a 
condition to separate in the solid state and is ultimately converted 
entirely into the basic nitrate. Analyses I and II illustrate the sort of 
corrosion products met with in practice. Corrosion | consisted chiefly 
of deep blue, prismatic crystals mixed with a moderate amount of 
green material. It was obtained from a piece of ammunition filled 
with 40/60 amatol. When this munition was first opened for the 
purpose of sampling the filling, there was no corrosion, but when next 
opened, in three weeks’ time, much corrosion was found on those 
parts of the copper where amatol had been scattered during excav- 
ation of the sample. The lead present is derived from solder. The 
corrosion was washed with acetone before analysis in order to remove 
any trinitrotoluene. 

Corrosion IT, which consisted almost entirely of dark blue crystals, 
was obtained from the top of a tinned copper can on which a bag of 
ammonium nitrate had been lying for several weeks. 


H,0 and loss, 

CuO. PbO. SnO, j%NH; #£«N,O;. N,0. ete. (by diff.). 

I. 35-6 2-1 trace 16-6 32-0 1-9 11-8 per cent. 
Il. 30-8 -- 0-9 21-9 38-8 0-5 7-1 percent. 
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No. II contained more than 80 per cent. of the tetrammine; , 
trace of carbonate was also present. 


Action of Ammonium Nitrate Solution on Copper. 


When fine copper gauze is immersed in a saturated solution of 
ammonium nitrate with free access of air at the ordinary temperature, 
the solution acquires a blue colour in a very short time and after 
about twenty-four hours a green solid begins to separate. IE too 
much gauze has not been used, the metal will have completely 
disappeared in about a fortnight and there will be a copious green 
precipitate in a deep blue solution. The green solid, after filtration 
and washing with cold water, is found to be identical in composition 
and behaviour with the basic nitrate, Cu(NO,),,3Cu(OH),, prepared 
by heating a solution of copper nitrate to which sodium nitrite has 
been added (see Dammer, “Handbuch der anorganischen Chemie,” 
If, 2,716). If portions of solid ammonium nitrate crystals or copper 
gauze projected above the solution, capillary action and subse- 
quent evaporation gave rise to the formation of blue crystal, 
Cu(NH;),4(NO,)., identical with those obtained in the usual way and 
also with those obtained in corrosions I and ITI. 

Cupric tetrammine nitrate, when quite dry, is remarkably stable. 
On heating in a dry tube, it melts at about 210°, bubbles rapidly 
for a while, and then explodes vigorously at about 212°, leaving a 
residue of black cupric oxide. If any basic nitrate is present in the 
tetrammine, melting seems to begin at a much lower temperature, 
even as low as 150°, owing no doubt to some solution being formed 
from the water contained in the basic salt. At 120° in a vacuun, 
the tendency of the dry tetrammine to lose ammonia is negligible, 
and even after heating for two hours at 160—190° in a current of dry 
air the total loss of ammonia was only 3-16 per cent. or less than one- 
eighth of the total amount present. In moist air, even at the 
ordinary temperature, the salt is slowly hydrolysed with formation 
of the basic nitrate, Cu(NO,).,3Cu(OH),. 


The Corrosion of Copper by Aqueous Ammonia. 


The mechanism of the reaction which gives rise to the nitrite in 
the corrosion of copper by ammonium nitrate is of interest. From 
our investigations we have come to the conclusion that little or no 
reduction from nitrate to nitrite is brought about by copper under 
the above conditions,* but that the nitrite is produced by the oxida- 

* Spongy copper can slowly reduce alkaline nitrate solutions to nitrite in 
absence of air (Miiller and Weber, Z. Elektrochem., 1903, 9, 965) and we 


have found that this also applies to solutions of ordinary neutral ammonium 
nitrate. 
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tion of ammonia (resulting from hydrolysis of the tetrammine 
nitrate) in presence of copper, which acts as a positive catalyst. 
Thus, when copper was left in 2N- and in 8N-ammonia in absence of 
nitrate but exposed to the air, considerable quantities of nitrite 
were formed which obviously resulted from atmospheric oxidation ; 
95 and 23-9 molecules of CuO were formed in the two experiments 
foreach molecule of N,O, ; which seems, on the whole, to indicate that 
the oxidation of the ammonia is merely catalysed by the copper or 
copper salts and is not directly ‘‘ coupled ” with the oxidation of the 
copper. 

The precise course of events in the corrosion of copper gauze 
by solutions of ammonia depends on several rather ill-defined 
factors. ‘The first solid product of the reaction is normally cupric 
hydroxide (loss on ignition—found 18-6 per cent. ; calc. 18-4 per cent.), 
which begins to change into the oxide in the course of a few days. 
When this occurs, corrosion proceeds comparatively rapidly. In 
other cases, owing to the intervention of atmospheric carbon dioxide, 
avery compact and adherent coating of malachite, CuCO,,Cu(OH),, 
is formed which protects the copper from further attack far 
more effectively than does the cupric oxide. When this occurs, 
corrosion proceeds very slowly. Whether the malachite is the first 
product formed or whether it is preceded by a small amount of the 
hydroxide, which later on becomes carbonated, is undecided. We 
have obtained corrosion products containing nearly 98 per cent. of 
malachite by leaving copper gauze and 2N-ammonia exposed to the 
air. The relative proportions of the copper and ammonia oxidised 
in the two cases do not seem to differ greatly. 

The compositions of the blue solutions formed also differ in the 
twocases. When cupric oxide has formed and corrosion been rapid, 
about half the copper in solution is present as cupric tetrammine 
nitrite and half as cupric diamm‘ne carbonate. When, however, 
malachite has formed and corrosion has been slow, most of the 
copper in solution is present as the diammine carbonate and only 
about 5 per cent. as the tetrammine nitrite. It is evident, therefore, 
that atmospheric carbon dioxide plays an important part in the 
changes which occur when copper and ammonia are exposed to the 
air. 

Péligot (Compt. rend., 1861, 53, 209) showed that a vigorous 
reaction occurred between strong ammonia solution, finely divided 
copper, and air with formation of ammonium nitrite, oxides of 
copper, and a blue solution.* By evaporating the blue solution to 


* We also find that ammonia acts vigorously on finely divided copper 
(reduced from solution by means of zinc). After nine days, no metallic 
copper remained and all blue tetrammine salts originally formed had separ- 

VOL, CXXI. 4U 
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dryness on the water-bath and extracting with hot alcohol saturate 
with ammonia, he isolated violet-blue crystals, to which, merely oy 
the strength of a copper estimation, he assigned the formu 
Cu(NO,).,2NH;,2H,O. It has been conclusively shown that thes 
violet-blue crystals consist of cupric tetrammine nitrite and sever 
alternative methods of preparing this compound have been worked 
out. As will be seen, the most satisfactory method (III) involves the 
previous preparation of van der Meulen’s basic nitrite, a salt exactly 
analogous to the basic nitrate. Since the present paper was written, 
the formation of nitrite during the action of air and ammonia on 
copper has been noticed by Joyner (this vol., p. 1513). 


Preparation of Cupric Tetrammine Nitrite. 


The five methods employed are given in Roman numerals, which 
appear also at the head of the analysis columns referring thereto, 

Method I. A Modification of Péligot’s Method, Gauze replacing 
finely divided Copper.—The blue solution obtained by the combined 
action of aqueous ammonia and air on gauze was evaporated to 
dryness in a warm cupboard and the residue extracted several times 
on the water-bath with alcohol previously saturated with ammonia 
gas. The extraction must be done rapidly or otherwise all the 
ammonia is driven off and very little copper salt dissolves. The hot 
alcoholic extract was rapidly filtered and on cooling deposited deep 
blue crystals, which were filtered with suction and air-dried. During 
drying, they became more purple as though slight superficial decom. 
position had occurred. The yield by this method is poor; only 
@-4 gram of the blue crystals was obtained from the corrosion of 6 
grams of copper gauze. This was doubtless due to decomposition 
of ammonium nitrite during the evaporation of the original aqueous 
solution or during extraction with hot alcoholic ammonia. 

Methods IIand III. From the Basic Nitrite, Cu(NO,),,3Cu(OH),. 
—Since Péligot’s method gives very poor yields and involves the 
preliminary preparation of a somewhat indefinite mixture, it seemed 
simpler to deal with the definite compound, Cu(NO,).,3Cu(OH),, 
first prepared by van der Meulen (Ber., 1879, 12, 758). Method Il 
was to extract from this compound with alcoholic ammonia as in 


ated from the solution as basic salts. Analysis of the green solid product 
corresponded with a mixture of Cu(NO,),,3Cu(OH), (1-5), Cu(NO;),,3Cu(OH); 
(3-0), CuCO,,Cu(OH), (51-5), and Cu(OH), (44-0 per cent.). 

This would be the kind of mixture which Péligot extracted with alcoholic 
ammonia, and it seems probable that the ammine nitrite he obtained was 
contaminated with nitrate. We have only observed the formation of nitrate 
when using the finely divided reduced copper. With copper gauze, the 
oxidation of ammonia seems to proceed only as far as nitrous acid. 


sition 
1e0Uus 


)H),. 
3 the 
>med 
)H) 
d II 


NITRATE AND OF AQUEOUS AMMONIA ON COPPER. 2635 


Péigot’s method, and method III to extract with aqueous ammonia 
(0-880). 

Method IT is somewhat tedious, as repeated extraction is necessary. 
%veral grams of cupric tetrammine nitrite were prepared in this 
yay and dried over a mixture of calcium chloride and its hexammine 
ominimise decomposition. As, however, the yield by this method 
yas only 40 per cent. of the theoretical, and the extracted residue 
yas practically free from nitrite, it is clear that considerable decom- 

ition of nitrite occurs in this process. 

Method III gives excellent results and we recommend it for the 
peparation of the tetrammine nitrite in quantity. The readily 
prepared basic nitrite is treated with the minimum amount of 
ammonia (d 0-880) at the ordinary temperature, the deep blue 
lution filtered through asbestos from black cupric oxide, and 
alowed to evaporate and crystallise at the ordinary temperature 
over quicklime to which a few drops of ammonia (d 0-880) have been 
added. If less than the theoretical amount of ammonia is used, the 
pure salt may be obtained after one evaporation, but the yield will 
be smaller (IIIa gives the analysis). The theoretical yield may be 
very nearly reached by using rather more ammonia, but this 
extraction will deposit a dark stain on the dish when evaporation 
has nearly finished, and the resulting crystals must be redissolved 
ina small quantity of ammonia and the solution again evaporated— 
possibly the operation may have to be repeated (IIIb gives the 
analysis). 

Two more direct methods were attempted : 

Method IV.—The action of strong ammonium nitrite solution 
containing excess of ammonia on cupric hydroxide. 

Method V.—The action of the gases, evolved from arsenious oxide 
and nitric acid, on cupric hydroxide suspended in ammonia (d 0-880). 
Blue solutions were obtained in both cases which on evaporation 
over quicklime yielded deep blue crystals. These were invariably 
a mixture (apparently mixed crystals) of cupric tetrammine nitrite 
and nitrate and it does not appear possible to obtain the pure 
nitrite by these methods. 


Analyses of Preparations Obtained by the Foregoing Five Methods. 


The nitrite was estimated by standard permanganate, ammonia 
by distillation with sodium hydroxide into standard acid, any 
nitrate by further distillation after reduction over-night with 
Devarda’s alloy, the amount of nitrate being calculated from 
the excess of ammonia over that due to reduction of nitrite. The 
copper was either precipitated and weighed as oxide or estimated by 


Rose’s method, 
4U2 
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Percentages found by methods Calculated, 
T. II. Til. IV. V. —__—__— . pA 
— Péligot’s Cu(NH;),(NO 
a. b, formula. 
37:2 35:5 35-9 . 5. 35-6 
27-9 30-3 30:3 f . 5- 30-4 
33-8 33:8 33-9 . : 
not deter- none none 
mined 
H,0 (diff.) 1-7 1-1 
100-0 100-0 99-6 100-1 99-8 99-5 100-0 100-0 


2) 


The figures for I and II correspond approximately with the 
presence of 13 and 8 per cent., respectively, of basic nitrite, 
Cu(NO,),,3Cu(OH),, probably formed by hydrolysis and decom. 
position during crystallisation of the hot solutions. It is also 
probable that some cupric diammine nitrite was formed at thes 
comparatively high temperatures, as indicated by the purple coating 
observed on the crystals (this diammine nitrite is described later 
on). IV and V correspond with mixtures of the tetrammine nitrite 
with 47-8 and 9-8 per cent., respectively, of the tetrammine nitrate. 
The deficit in IIIa must have been due to a trace of water retained 
by the crystals. If allowance is made for this, the agreement is 
excellent. The slight excess of copper in IIIb was due to a trace of 
cupric oxide still held in the crystals and corresponding to 0-34 per 
cent. It is to be noted that the recrystallisations of this specimen 
had extended over two months. There was no nitrate, however, 
showing that no auto-oxidation or atmospheric oxidation had 
occurred. It will be noticed that the ammonia content calculated 
from Péligot’s formula is just half what was found in IIIa and III}, 
and is much less than the amount found in any of the other 
specimens. 

Properties of Cupric Tetrammine Nitrite. 

As Péligot described it, this salt forms needle-shaped prisms of a 
beautiful violet-blue colour. We have obtained crystals more than 
1 cm. in length by slow deposition from aqueous ammonia. The 
pure salt is exceedingly soluble in water and yields a perfectly 
clear, dark blue solution. This becomes a test of purity as regards 
contaminating hydroxide. A specimen proved to contain 6°5 per 
cent. of hydroxide immediately gave a pale blue deposit on the 
addition of a few drops of water. A deposit occurs slowly when 
excess of water is added to the pure salt, but if a little ammonia 
is then added the solution becomes and remains perfectly clear. 
Such solutions were used in the nitrite estimations and were slowly 
delivered from the burette into standard permanganate, previously 
warmed with excess of sulphuric acid. The dry salt, when slowly 
heated, first gives off ammonia, later on it evolves red fumes accom- 
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panied by steam and leaves a residue of cupric oxide. This reaction 
appears to have afforded the only estimation in Péligot’s analysis. 
His percentage of CuO agrees with the formula Cu(NO,),,2NH,,2H,0, 


6 

4 but almost equally well with the formula Cu(NO,),,4NH;. He 

. found it necessary to mix the powdered salt with silica in order to 
avoid explosion. We find that the pure salt may be heated either 

0 Jowly or rapidly without any explosion, but all specimens containing 
nitrate are apt to explode towards the end of the heating process. 

th the Mf The action of heat on pure cupric tetrammine nitrate has been re- 

\itrite, fH corded in this paper. The explosion at 212° was so vigorous that the 

lecom. % apparatus was broken; the loss of ammonia after two hours at 200° 

s als Mf in a continuous current of air was only 3 per cent., whereas the 

these fl corresponding nitrite loses more than 15 per cent. at temperatures 

oating fl below 100°, and this without any current of air. It appears, there- 

| later MM fore; that ammonia is held firmly in the nitrate, but not in the 

ritrite ff nitrite, and that in mixtures the nitrite is quietly decomposed by 

trate, Mf heat, final explosion being due to subsequent action on the nitrate. 

ained 

ent is Cupric Diammine Nitrite, Cu(NHg)3(NOq). 

ce of # This derivative was obtained as a purple powder by heating finely 

. Pet @ powdered blue tetrammine nitrite for twenty-four hours at 97° in 

‘imen @ stube provided with a loose glass stopper. The percentage losses 

— per time were : 

had 

lated Hf Hours ..........sssseeeeeee 

Il}, ‘ides SAAR MN 

other MH Percent. loss .......4 


These figures present an asymptotic curve. 
The loss calculated for removal of 2NH, is 15:2 per cent. The 
extra 0°38 per cent. must have been due to some absorption of 
moisture during the process of powdering and transference to the 
tube. 

This purple powder readily dissolves in ammonia to form a 
perfectly clear blue solution, and on exposing the powder to an 
atmosphere containing dry ammonia at the ordinary temperature, 
the violet-blue tetrammine nitrite was re-formed. 


The Effect of Moist Air on Cupric Tetrammine Nitrite. 

A finely powdered sample of the tetrammine nitrite, protected 
from dust, was exposed to moist air for about three months. The 
dry grey powder was then analysed, with the following percentage 
results : 


CuO 48:23; N,O, 35:28; NH, 14-49; H,0 (by diff.) 2-00. 
40 
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These figures correspond very closely with those required by 4 
mixture of 80 per cent. of cupric diammine nitrite, Cu(NH3),(NO,), 
and 20 per cent. of the basic nitrite, Cu(NO,).,3Cu(OH),. It appears, 
therefore, that in moist air the tetrammine nitrite loses half its 
ammonia, yielding the diammine nitrite, which then very slowly 
gives place to the basic nitrite through hydrolysis. No nitrate had 
been formed. 


Preparation of van der Meulen’s Basic Nitrite, Cu(NOg).,3Cu(OH),. 


The method of preparation (van der Meulen, loc. cit.) is to add 
alcohol to an aqueous solution containing equivalent amounts of 
copper sulphate and potassium nitrite. After filtering from the 
heavy precipitate, the dark green alcoholic solution is evaporated on 
the water-bath until nearly colourless. Alcohol and ethyl nitrite 
are given off and the basic nitrite separates as a bluish-green, 
crystalline deposit. The best yield obtainable seems to be about 
half the theoretical, but it is often half that, and experiments were 
made to find the best conditions for a good yield and also to examine 
the nature of the products formed, as the information given by van 
der Meulen on these points is rather vague. The best results were 
obtained when the temperature during the first stage in the prepar- 
ation was kept below 15°. At temperatures exceeding this, there is 
considerable loss of ethyl nitrite during the addition of alcohol. 
The proportion of alcohol to water should be in the ratio 5: 4 by 
volume at least. The precipitate formed on the addition of alcohol 
is of a complex nature and its composition varies considerably with 
the temperature, proportion of alcohol added, lapse of time between 
precipitation and filtration, etc. Of the total, air-dried solid, from 
50 to 60 per cent. consists of potassium sulphate and more than 10 
per cent. may consist of the double sulphate, K,SO,,CuSO,,6H,0, 
which is often obtained as large, green crystals, especially if some 
time has been allowed to elapse before filtration; otherwise, copper 
sulphate pentahydrate, with no double sulphate, appears to be 
formed. Cupric hydroxide is always present, sometimes apparently 
as such (exceeding 11 per cent.), but in other cases only in the form 
of basic copper sulphate. Lastly, the air-dried solid contains 07 
per cent. or less of cupric nitrite, probably as basic nitrite. 

It is of course owing to this co-precipitation of copper salts with 
potassium sulphate that the yield of basic nitrite is so poor. 

The final filtrate from which the basic copper nitrite crystallises 
still contains from 20 to 24 per cent. of the original potassium nitrite 
and a trace—or sometimes more—of copper. This trace of copper 
nevertheless imparts a strong green colour to the solution, and 
migration experiments proved that it is present as a complex anion— 
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probably as Cu(NO,),””’. The colouring power of this anion is 
about equal to that of the blue complex kation, Cu(NH;),’°, of the 
tetrammine salts. ‘ 

In view of the formation of nitrite when copper dissolves in aqueous 
ammonia it was of interest to see whether any oxidation of ammonia 
occurred when oxygen was absorbed by copper gauze in presence of 
the mixed solution of ammonium hydroxide and carbonate as 
recommended by Hempel for gas analysis (“‘ Gas Analysis,’ p. 125 
of the English edition, 1892). The dissolution of copper in this 
mixture is very rapid if air is slowly bubbled through it. Thus 
100 c.c. of the mixture dissolved 3 grams of copper gauze in less than 
sixteen hours, and 1°8 per cent. of the dissolved copper was present 
as nitrite. On evaporation over quicklime, the deep blue solution 
deposited large crystals of the very soluble salt, Cu(NH3),CO3, whilst 
the trace of nitrite remained in the mother-liquor as Cu(NH3),(NO4)o, 
which is still more soluble. The colour of these two compounds is 
practically identical. The stability of this diammine carbonate is 
very remarkable ; our experiments fully confirm the composition and 
properties as described by Favre, its discoverer (Ann. Chim. Phys., 
1844, [iii], 10, 116). 


Sensitiveness to Shock of some of the Compounds dealt with. 


In view of the manner in which these experiments originated, it is 
of interest to record the sensitiveness to shock of some of the com- 
pounds dealt with. This was determined by means of a falling- 
weight instrument (Robertson, T., 1921, 119, 16). Basic cupric 
nitrate, Cu(NOg),,3Cu(OH),, was found to be quite insensitive and 
the corresponding nitrite nearly so. For other compounds, the 
figures of insensitiveness (taking that of picric acid as 100) were as 
follow : 


Cu(NH,),(NOs), 
Ca(NH;),(NO,), (prepared by method oe at eas 

' .. 11 percent. of Cu( )s(NO5)2) 
Mixed crystals containing { §9 buen of Cu(NH,),(NO,), J cocccdsosencees 
Cu(NH;),(NO,).—another somal poupined by 

method I or II. Possibly it contained a little 


nitrate or basic nitrite 
Cu(NH;),CO, greater than 120 


The greater sensitiveness of the mixed tetrammine nitrate and 
nitrite is possibly connected with the higher oxygen content of the 
former in conjunction with the readier loss of ammonia by the 
latter. 


About half the work recorded in this paper was carried out in the 


Research Department, Royal Arsenal, Woolwich, and about half at 
4u*2 
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University College, Reading, and the authors wish to express their 
thanks to the Director of Artillery for permission to publish th 
results. 


University COLLEGE, 
READING. (Received, September 8th, 1922,] 


CCCXVIII.—The Synthesis of m-a-Benzbispyrrole 
Derivatives. 
By Witu1am Davies and Epear Hersert CuTsBert Hickox, 


A survey of the formulz of many complicated natural products 
shows that they are often constituted by the linking of simple cyclic 
substances either by means of one or more side chains, or by having 
one or more atoms in common. It is therefore of some interest 
to study the preparation and properties of new cyclic systems which 
should, from analogy with simpler naturally occurring systems, 
be found in nature. The preparation of derivatives of m-a-benzbis- 
pyrrole (I), which, from its structural similarity to indole (I]), 
should be the product of vital syntheses, has accordingly been carried 
out. 

The line of attack first adopted, which we owe to the kindness 
of Professor W. H. Perkin, F.R.S., was to condense dinitromesitylene 
(III) with ethyl oxalate and sodium ethoxide after the method of 
Reissert (Ber., 1897, 30, 1030; also see Kermack, Perkin, and Robin- 
son, T., 1921, 119, 1625) in order to produce the dinitrotolylenedi- 
pyruvic acid (IV), which should be converted by reduction into 
ee ee acid (V), and thence, by §(0,' 


/\—cH Hy c/ NCH, 
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dimination of two molecules of carbon dioxide, into 8-methyl- 
n-«-benzbispyrrole itself. Unfortunately, the condensation could 
aly be effected between one methyl group and ethyl oxalate, and 
insufficient is known of the effects of steric hindrance, which is 
probably here called into play, to decide definitely which of the 
two formule (VI and VII) represents the dinitro-m-aylylpyruvic acid 
actually produced. The two methyl groups in 4: 6-dinitro-m- 
xylene also could not be condensed smoothly with ethyl oxalate 
and sodium ethoxide. In both condensations the use of higher 
temperatures in the attempt to introduce two pyruvic ester groups 
into the molecule resulted in the decomposition of the monopyruvic 
ester first formed. 

The successful method adopted is one involving some interesting 
theoretical considerations. It is based on the replacement of both 
chlorine atoms in 1: 3-dichloro-4 : 6-dinitrobenzene (VIII) by 
ethyl acetoacetate or malonate ester groupings, when (IX) and (X), 
respectively, are formed. These substances can be converted 
into 4 : 6-dinitrophenylene-1 : 3-diacetic acid (XI), which by suitable 
reduction can be transformed into the desired 2 : 6-dihydroxy-m-«- 
benzbispyrrole (XII) or the two other tautomerides indicated. It 
is to be expected that 4 : 6-dinitro-1 : 3-diacetonylbenzene (XIII), 
obtained from (IX), will also be converted into a benzbispyrrole 
derivative by similar means, but this has not yet been carried out. 


00,8), CH/ CH(CO,Et), Cl” 
ONL JNO 


CHAc-CO,Et seme aie cr” ior" CO,Et 
"é 


(IX.) { (XIII) 


it 
, CO,H-H,C/ \CH,°CO,H H,C 
0, NO, 


NO, 


This scheme was evolved before it was known that Borsche and 
Bahr (Annalen, 1913, 402, 100, 106) had condensed the sodium 
compounds of ethyl acetoacetate and ethyl malonate with 1 : 3- 
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dichloro-4 : 6-dinitrobenzene. They found that, after the sub. 
stitution of one acetoacetic or malonic ester group for one chlorine 
atom, the second chlorine atom was very difficult to replace. Fo 
example, whilst ethyl 5-chloro-2 : 4-dinitrophenylacetoacetate (XIV) 
can be isolated in a yield of about 80 per cent. in four hours by carry. 
ing out the condensation in ether, a large amount of (XIV) still 
remains when (VIII) is condensed with excess of ethyl sodioaceto. 
acetate under the same conditions for a period of two hundred and 
forty hours. These and similar facts Borsche considers “ein 
experimentaller Beweis fiir die Kekulésche Benzolformel”’ * and 
that the two chlorine atoms in (VIII) are not related to the rest 
of the molecule in the same way. As we had reason to doubt the 
validity of Borsche’s deductions, our experiments were continued 
in the hope of preparing (IX) by a convenient method, and it has 
been shown that all the chlorine is replaced when (VIII) is boiled 
with ethyl sodioacetoacetate in benzene for twelve hours, and that 
therefore (VIII) is a useful starting substance in the preparation 
of tricyclic systems containing two heteroatomic nuclei linearly 
fused into each side of a central benzene nucleus. 

Since the paper by Borsche and Bahr seems to have prevented 
the development of a valuable method of synthesis, it will be useful 
to indicate where their deductions are apt to be misleading. Their 
experimental method of comparing the activity of the chlorine 
atom in (XIV) with that of either chlorine atom in (VIII) leaves 
much to be desired. No care is taken to ensure the complete 
solution of the reacting substances in the ether used; and (XIV) 
will largely exist during the reaction in the form of the sodium 
derivative (XIV and ethyl acetoacetate and the final product will 
compete for the remaining sodium initially present in the ethyl 
sodioacetoacetate), which is less soluble in ether than (VIII). 
Hence the relative amounts of chlorine displaced under such con- 
ditions are at best only a very rough criterion of the activity of 
the chlorine atoms in each compound. But, assuming that the 
experimental conditions used admit of a just comparison, the 
theoretical conclusions (Borsche and Bahr, loc. cit., p. 83) are 
scarcely justifiable. Any reluctance which (XIV) shows towards 
the introduction of another ethyl acetoacetate grouping into the 
molecule is not to be ascribed to a deep-seated structural difference 
between (VIII) and (XIV) (or to a difference in the molecular 
arrangement of the two chlorine atoms in VIII), so much as to a ten- 
dency, fairly general among organic compounds, to resist the intro- 


* Kenner (T., 1914, 105, 2721, footnote) has already, however, from other 
points of view, cast doubt on Borsche’s “‘ experimental proof ” of Kekulé’s 
formula for benzene. 
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© sub. duction of many groups, especially when these are of the same type. 
hlorine The increasing difficulty encountered in the progressive nitration 
. For ff ofmany aromatic hydrocarbons, or in the progressive w-chlorination 
(XIV) & of toluene or the toluoyl chlorides (this vol., p. 2212), are illustrative 
carry. ff of this tendency. Perhaps phenomena of this kind, especially 
’) still in the absence of strong polar effects, are really due to the damping 
aceto. Mf effect on the recurrence of the reactive phase of the molecule, 
d and § which often accompanies increase in molecular weight and volume. 

“ein # This “damping effect” is very well seen in the aliphatic series; 
* and § to take two out of many examples in the literature, the stability 
e rest # towards hydrolysis by sodium hydroxide shown by the alkyl acyl- 
ot the | anilides increases with the normal introduction of methylene groups 
inued § into the acidic group (Davis, T., 1909, 95, 1397), and the rate of 
it has ff hydration of aliphatic acid anhydrides (Sidgwick and Wilsdon, 
oiled § T.,1913, 103, 1959) is also lessened by lengthening the chain. From 
| that f a consideration of this tendency (whatever the explanation in each 
ation J case may be) it is to be expected * that the chlorine atom in (XIV) 
early | would be somewhat less reactive than either of the chlorine atoms in 
(VIII), and consequently the deductions made by Borsche and Bahr 
nted J concerning the structure of the benzene nucleus are unwarranted. 
seful In this connexion, it is of interest to note that, whilst 2 : 6- 
Their § dichloro-3 : 5-dinitrotoluene (XV) reacts with great ease to form 
rine | ethyl 5-chloro-2 : 4-dinitro-6-methylphenylacetoacetate (XVI), the 
aves | chlorine atom in the latter substance is far harder to replace than 
plete | the chlorine atom in (XIV). The difference in this case is probably 
‘IV) | partly due to the great spatial congestion of groups in (XVI). 
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* The presence of the ethyl acetoacetate grouping in (XIV) no doubt 
ilar J enhances the negative polarity and the activity of the chlorine atom (compare 
en- | Lapworth, Mem. Manchester Phil. Soc., 1920, 64, ii, 1); but, for purposes of 
ro- comparison, this is roughly balanced by the slight mutual activation of both 
chlorine atoms in (VIII), and consequently the “ damping effect ” referred 
her to above is still to be expected. (For experimental proof of the mutual 
lé's | activating effect of meta-standing chlorine atoms, see Holleman and van der 
Hoeven, Rec. trav. chim., 1920, 89, 736.) 
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The chief difficulty arising in the use of 1 : 3-dichloro-4 : 6-dinitro. 
benzene as starting material lies in the preliminary preparation of 
m-dichlorobenzene. For our first experiments m-chloronitro. 
benzene was reduced with iron filings and hydrochloric acid, and 
the m-chloroaniline produced converted into m-dichlorobenzene 
by the Sandmeyer reaction, but the overall yield was not good. 
A great improvement was effected by the use of a patented method 
(D.R.-P. 280739) for replacing aromatic nitro-groups by chlorine, 
m-Chloronitrobenzene was heated with thionyl chloride under 
pressure, when an excellent yield of m-dichlorobenzene was produced. 
m-Dinitrobenzene could doubtless be converted into m-dichloro. 
benzene in the same way, but the pressure produced is too great 
for the experiment to be conveniently carried out with the aid of 
glass tubes. The course of the reaction between thionyl chloride 
and aromatic nitro-derivatives is not clear; the equation 

ArNO, + SOCI1, = ArCl + NOCI + SO, 
does not represent all the truth, for more than one molecule of thionyl 
chloride per nitroxy] is required to bring the reaction to completion. 
This reaction is well worth further investigation. 

In the condensation of 1 : 3-dichloro-4 : 6-dinitrobenzene with 
ethyl sodioacetoacetate (of which the quantities employed by Borsche 
and Bahr—twice the theoretical—were used), along with ethyl 
4 : 6-dinitrophenylene-1 : 3-diacetoacetate (IX) some ethyl 4:6- 
dinitrophenylene-1 : 3-diacetate was unexpectedly obtained. The 
constitution of this substance, which Borsche and Bahr (loc. cit., 
p. 100) had already obtained from the condensation product of 1 : 3- 
dichloro-4 : 6-dinitrobenzene and ethyl sodiomalonate (reaction 
during seventy-five to one hundred hours being necessary for this 
condensation in ether), was proved by its conversion into the 
indefinitely melting 4 : 6-dinitrophenylene-1 : 3-diacetic acid (XJ), 
and thence, by the elimination of carbon dioxide, into 4 : 6-dinitro- 
m-xylene. Small-scale experiments showed that the prolongation 
of the time of condensation, and the presence of alcohol during the 
condensation, both favoured the production of ethyl 4 : 6-dinitro- 
phenylene-1 : 3-diacetate, and that this ester is also obtained by 
heating (IX) with a benzene solution of ethyl sodioacetoacetate. 
The alcohol necessary for the transformation of (IX) into ethyl 
4 : 6-dinitrophenylene-1 : 3-diacetate may be formed during the 
experiment by the decomposition of ethyl acetoacetate into 
dehydracetic acid or other cyclic substances, or perhaps by the 
decomposition of (IX) into compounds analogous to dehydracetic 
acid. No pure substance in support of this supposition has been 
isolated, but considerable quantities of an amorphous powder 
containing nitrogen and free from chlorine were formed. This 
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‘ion of 
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substance, which is soluble in alkali and in some organic solvents, 
might also be formed by the condensation of two molecules of 
(IX) with one molecule of (VIII). 

Under the most favourable conditions, the total yield of (IX) and 
ethyl 4 : 6-dinitrophenylene-1 : 3-diacetate accounts for about 
70 per cent. of the dichlorodinitrobenzene used. When the con- 
densation in boiling benzene has been in progress for four hours or 
ess, a considerable quantity of ethyl 5-chloro-2 : 4-dinitrophenyl- 
setoacetate (XIV) can be detected. 

Another matter of interest arising in the condensation of (VIII) 
with excess of ethyl sodioacetoacetate is the isolation of a small 
amount of long, asbestos-like needles melting at 169°. The sub- 
stance is undoubtedly identical with that (m. p. 169°) Perkin and 
Thorpe (T., 1897, 71, 1194) obtained in very small amount in the 
condensation of ethyl «-bromoisobutyrate with ethyl acetoacetate 
in the presence of zinc. They had insufficient of the substance for 
exhaustive analysis, but assigned to it the empirical formula 
CH i9V,. Now, Collie and Chrystall (T., 1907, 91, 1802), by heat- 
ing ethyl acetoacetate with its sodium derivative in alcohol, obtained 
needles melting at 168—169°, which, like the substance isolated 
in the course of the present investigation, gave striking colour 
changes with weak alkaline solutions. The substance obtained 
by Collie and Chrystall is a benzopyrone derivative and has the 
empirical formula C,,H,,0,, for which the carbon and hydrogen 
content is very close (the difference being 1-4 and 0-1 per cent., 
respectively) to that required for the formula C,)H,)0,. For the 
sake of comparison, we prepared some of the supstance described 
by Collie and Chrystall, and found it, by means of a mixed-melting 
point determination, to be identical with our own. Our analysis 
contirmed the formula C,,H,,0,, and hence there can be little 
doubt that the substance U,)t14 VU, described by Perkin and Thorpe 
is really the substance C,,H,,U, vestigated by Collie and Chrystall. 


2: 6-.rhydroxy-m-a-benzorspyrrole (Xil), prepared from the 
ammonium salt of (XL) by reduction with ferrous sulphate and 
ammonia, and subsequent acidincation, consists of needles and 
resembles its structural analogue, oxindole, in many chemical 
properties, but has a very higa temperature of decomposition 
(over 3UU’), and is sparingly soluble in most organic soivents. 
lt can, however, be sublimed in a vacuum, and resembles 
oxindole in its amphoteric nature and in the ease with which it 
reduces ammoniacal silver nitrate solution. Some of the hydrogen 
atoms are very reactive, for apart from the formation of two sodiwm 
salts, (XII) reacts with benzaldehyde to produce 2 : 6-dikeio-3 : 5- 
dibenzylidene-2 : 3 : 5 : 6-tetrahydro-m-«-benzbispyrrole (XVI). This 
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is a coloured substance like benzylideneoxindole (Wahi and Bagard, 
Bull. Soc. Chim., 1909, [iv], 5, 1033), but has a much higher melting 
point and is only sparingly soluble in organic solvents. 

Attempts were made to prepare 3 : 5-dioximino-2 : 6-diketo. 
2:3:5:6-tetrahydro-m-«-benzbispyrrole (XVIII) and _ thence 
2:3:5:6-tetraketo -2:3:5:6-tetrahydro - m - « - benzbispyrrole 
(XIX)—the analogue of isatin—but our experiments did not result 
in the formation of pure substances. However, the crude tetraketo. 
compound is analogous to isatin in many respects, giving, for example, 
an intense coloration when condensed with thiophen (see p. 2654). 

To summarise, the m-«-benzbispyrrole derivatives so far obtained 
resemble their indole analogues very closely in chemical properties, 
but are far less soluble in neutral solvents and melt or decompose 
at considerably higher temperatures. 


ExPERIMENTAL. 


Condensation of Ethyl Oxalate with Dinitromesitylene. 


The condensation of dinitromesitylene with ethyl oxalate in 
the presence of sodium ethoxide requires careful temperature 
control. An alcoholic solution of these substances remains perfectly 
colourless when kept for three weeks at room temperature, but, 


on the other hand, when the solution is boiled for two hours a reac- 
tion takes place and the product consists of a viscous, black tar. At 
40°, however, a yellow coloration is produced which gradually 
becomes red. The condensation is accordingly carried out as follows: 
To a solution of sodium (3-1 grams = 4 atoms) in absolute alcohol 
(150 c.c.), ethyl oxalate (11 grams = slight excess over 2 mols.), 
and dinitromesitylene (7 grams = 1 mol.) are added. The mixture 
is warmed to 40° with shaking, when the dinitromesitylene dissolves 
and is kept under anhydrous conditions with occasional agitation 
at 40—45° for three days. The dark-coloured reaction product is 
decomposed with concentrated hydrochloric acid (15 c.c.), most of 
the alcohol removed by distillation, the residual product poured 
into water, rendered alkaline, the deep red solution filtered, and the 
filtrate extracted with ether. The clear solution is acidified and 
the brown precipitate collected after some time. The dry product, 
which weighs 5-2 grams and melts at 145—155°, is practically 
insoluble in water, for the acid mother-liquor, when exhaustively 
extracted with ether, yields less than 0-1 gram. The product 
is purified by repeated crystallisation from xylene. 
Dinitro-m-xylylpyruvic acid (VI or VII) is sparingly soluble in 
most organic solvents, slightly soluble in boiling xylene, and dis- 
solves in sodium hydroxide solution with the production of a deep 
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Bagard ™red solution. It crystallises from xylene in deep yellow plates 
nelting§ melting with decomposition at 174—177° (Found: N = 9-9. 
(\;Hj99,N. requires N = 9-9 per cent.). 
diketo.§ The condensation of dinitromesitylene at 40—45° with a large 
excess Of ethyl oxalate and sodium ethoxide results in the same 
oyrrole dinitro-m-xylylpyruvic acid. The latter substance is also formed at 
‘result Mf higher temperatures together with considerable quantities of tarry 
aketo.™ material. 
ample, The interaction of 4 : 6-dinitro-m-xylene, ethyl oxalate, and 
54), J odium ethoxide is equally unsatisfactory from the point of view 
tained @ of the present investigation. Since 4 : 6-dinitro-m-xylene is readily 
erties, attacked by sodium ethoxide, the condensation can be conveniently 
mpose f carried out by adding at intervals, over the course of twelve hours, 
the calculated quantity of sodium ethoxide in alcohol to an alcoholic 
slution of dinitro-m-xylene and ethyl oxalate at room temperature. 
A reaction takes place at once; after a further thirty-six hours, 
the product is worked up in the way described in the dinitromesity]- 
ene experiment. In this way, some tar is formed, and also a light 
fe in § brown substance, slightly soluble in boiling xylene and in boiling 
ature § ether, is obtained in about 30 per cent. yield. It dissolves with a 
ectly § blood-red coloration in sodium hydroxide solution and is fairly 
but, § soluble in pure boiling acetone. This substance consists of micro- 
reac- & scopic crystals, sinters at about 250°, but is not completely fused 
At § below 300°. It suddenly deflagrates when cautiously heated in a 
ially § fame (Found: N= 10-5. CyjH,O;N, requires N = 10-4 per 
ows: § cent.). The nitrogen content of this compound probably indicates 
ohol § that it is fairly pure 2 : 4-dinitro-5-methylphenylpyruvic acid, but 
Is.), | as it is evidently practically free from the desired dinitrophenylene- 
ture | dipyruviec acid, the substance was not further examined. It is 
lves § hoped that the use of alcohol-free solvents will cause the reaction 
tion § to take the desired direction. 


thence 


Ethyl 5-Chloro-2 : 4-dinitro-6-methyl phenylacetoacetate (X V1). 


red This substance is conveniently prepared by boiling for an hour 
the §@ an alcoholic solution of ethyl sodioacetoacetate (prepared from 75 
nd @ grams of absolute alcohol, 8 grams of ethyl acetoacetate, and 1:4 
ct, § grams of sodium) and 12-5 grams of 2 : 6-dichloro-3 : 5-dinitrotoluene 
lly § (obtained as described, T., 1921, 119, 873). The deep red solution 
ly J is poured into water and the oil produced dissolved in excess of 
ict § dilute sodium hydroxide solution, and the filtered solution acidified 

with hydrochloric acid and then extracted with ether. The ethereal 
in @ solution is dried over sodium sulphate, the ether removed, and the 
s- § Tesidual oil (which solidifies on standing) crystallised from alcohol, 
when 12 grams of (XVI) are obtained, 
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Ethyl 5-chloro-2 : 4-dinitro-6-methylphenylacetoacetate consists of 
stout, yellow crystals melting at 92—93° (Found: C = 454. 
H=4-1. C,3H,,0,N,Cl requires C= 45-3; H = 38 per cent,), 
It is readily soluble in alkaline solutions (with the production of a 
red coloration) and in boiling alcohol, and is slightly soluble in cold 
alcohol or light petroleum. It is not easy to replace the chlorine 
atom by another ethyl acetoacetate group; when boiled for sixteen 
hours with excess of an alcoholic solution of ethyl sodioacetoacetate, 
two-thirds of (XVI) is recovered unchanged and only a small quan. 
tity of an oily substance can be isolated. A similar result is obtained 
with boiling benzene as solvent, and when the condensation js 
carried out in boiling xylene, extensive decomposition takes place, 
Attempts to prepare derivatives of 4-methyl-m-a-benzbispyrrole 
by this method were accordingly abandoned. 


1 : 3-Dichloro-4 : 6-dinitrobenzene (VIII). 


The m-chloronitrobenzene required is obtained by the mono. 
chlorination of nitrobenzene after Varnholt (J. pr. Chem., 1887, 
[ii], 36, 25), with ferric chloride as the catalyst ; antimony trichloride 
is equally satisfactory. Chlorination takes place rapidly at 75—85°, 
and when a small proportion (5 per cent. or less) of catalyst is used 
the product can be straightway distilled. The distillate (b. p. 
215-—236°) is freed from unchanged nitrobenzene by combined 
fractionation and freezing out, and finally 180 grams of m-chloronitro- 
benzene, melting at 43—44°, are obtained from 265 grams of nitro- 
benzene. 

m-Chloronitrobenzene (30 grams) is heated with thionyl chloride 
(50 grams) in a sealed tube at 190—200° for twelve hours.* The 
product is carefully poured into water, made alkaline, and distilled 
in a current of steam. The colourless, heavy oil in the distillate 
is separated—the last portion with the aid of a little chloroform— 
dried over calcium chloride, and distilled, when 20 grams of m- 
dichlorobenzene, boiling at 170—180°, are obtained. This fraction 
is practically pure m-dichlorobenzene and is suitable for nitration 
without further purification. 

1 : 3-Dichloro-4 : 6-dinitrobenzene is prepared in one operation 


* A very convenient substitute for small enamel-lined autoclaves for high- 
pressure work consists of bomb tubes of extremely hard, thick glass tubing 
about 50 cm. long and 3 cm. wide (external measurement). To the open 
end is sealed a piece of glass tubing about 12 cm. long and narrow enough to 
be worked in the ordinary blowpipe flame. Each tube has a capacity of 
about 200 c.c. and can be used several times without sealing on a new piece 
of narrow tubing. Those used in this research were obtained from C. Desaga, 
Hauptstrasse, Heidelberg, 
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by the nitration of m-dichlorobenzene after the method of Nietzki 
and Schedler (Ber., 1897, 30, 1666). We found it advantageous 
to use nitric acid of density 1-5 instead of 1-48. In this way, 


cent. 
n = 4) grams of m-dichlorobenzene are converted into 32 grams of 1 : 3- 
n cold dichloro-4 : 6-dinitrobenzene, m. p. 103°, and about 7 grams of a 


pixture of nitro-derivatives of m-dichlorobenzene. 


i 
a Condensation of Ethyl Sodioacetoacetate with 1 : 3-Dichloro-4 : 6- 
quan. dinitrobenzene. 


When boiling xylene is used as solvent, the products formed 
rapidly decompose with the formation of dense, white fumes, but 
the condensation takes place smoothly when carried out in the 
following way. Ethyl acetoacetate (52 grams) is carefully added 
to molecular sodium (9-2 grams) covered with benzene (150 c.c.), 
and after the reaction has subsided the hot solution and suspension 
of ethyl sodioacetoacetate is treated with a solution of 1 : 3-dichloro- 
4:6-dinitrobenzene (24 grams) in benzene (50 c.c.). A vigorous 
raction immediately takes place, the deep red solution is boiled 
for twelve hours on the water-bath, most of the benzene distilled 
of, and the residue treated with water (300 c.c.) and a small amount 
of sodium hydroxide solution. The benzene solution is filtered and 
dried, and evaporation yields a crystalline substance (A) weighing, 
in different experiments, from 4 to 6 grams. The red aqueous 
wlution is extracted with ether, the ethereal solution (which contains 
asmall amount of tar and of A) discarded, and the aqueous solution 
awidified with hydrochloric acid. An oil is produced which is 
repeatedly extracted with ether, the ethereal solution washed with 
water, dried over sodium sulphate, and the ether removed. The 
oily residue, which is free from chlorine, is dissolved in hot alcohol 
(100 c.c.) and crystals of ethyl 4 : 6-dinitrophenylene-1 : 3-diaceto- 
acetate (about 22 grams) separate on cooling and long standing. 


ad The mother-liquor on evaporation gives a tarry residue, of which 
tion @ Prt is only slightly soluble in ether. This least soluble portion 
tion isa light brown, amorphous powder containing nitrogen and readily 
soluble in alcohol, acetone, or ethyl acetate. This powder, which 
tion is formed in considerable quantity when the condensation is allowed 
to proceed for days, is difficult to obtain in a pure state. It probably 
‘igh. J Contains some decomposition products of (IX) of the type indicated 
bing § On page 2644. 
“9 Ethyl 4 : 6-dinitrophenylene-1 : 3-diacetoacetate separates from 


a mixture of carbon tetrachloride and light petroleum in coarse, 
bright yellow crystals melting at 108-5°. It is identified through 
its conversion by hydrolysis with acid into 4 : 6-dinitro-1 : 3-di- 
acetonylbenzene (XIII), very faintly yellow needles melting at 
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123° (Borsche and Bahr, loc. cit., record 106—107° and 122—193° 
respectively). 

The crystalline substance (A) (practically insoluble in cold dilute 
alkali) formed during the condensation is not easily obtained 
perfectly pure. It crystallises from a mixture of chloroform and 
light petroleum in long, white needles softening at 80° and melting 
at 84° (Found: C=489; H=50. C,,H,,O,N, requires 
C = 49-4; H = 4-7 percent.). It dissolves in hot sodium hydroxide 
solution with a red coloration, which rapidly becomes deep green 
and finally pale orange. When boiled for half an hour with 30 
per cent. sulphuric acid, it is converted into an acid crystallising 
from water in pale yellow needles (Found: in anhydrous material, 
N= 10-1. C,gH,O,N, requires N= 9-9 per cent.). The acid 
dissolves in excess of sodium hydroxide solution with an intense 
green coloration which rapidly becomes red. The melting point 
of the acid varies considerably with the rate of heating. It melts 
with decomposition at about 195° when rapidly heated, and at 
about 170° when slowly heated. It is converted in the course of 
a few minutes at 170° into carbon dioxide and a nitrohydrocarbon 
melting at 93°, which is 4 : 6-dinitro-m-xylene. The acid is finally 
shown to be 4 : 6-dinitrophenylene-1 : 3-diacetic acid (XI) (Borsche 
and Bahr, loc. cit., p. 101, give m. p. 185—186° with evolution of 
carbon dioxide) by its conversion into the methyl ester, which agrees 
in melting point (95—96°) with methyl 4 : 6-dinitrophenylene-1 : 3- 
diacetate (Borsche and Bahr, loc. cit.). Hence the crystal- 
line ester (A) formed in the condensation of ethyl sodioacetoacetate 
and 4 : 6-dinitro-m-dichlorobenzene is ethyl 4 : 6-dinitrophenylene- 
1 : 3-diacetate, which melts (Borsche and Bahr, loc. cit.) at 82—83°. 

The following experiments throw some light on the unexpected 
formation of ethyl 4: 6-dinitrophenylene-1 : 3-diacetate in the 
condensation of (VIII) with ethyl sodioacetoacetate : 


(1) The condensation was carried out in boiling benzene solution 
for a period of four days, when a larger amount of ethyl 4: 6- 
dinitrophenylene-1 : 3-diacetate and a smaller amount of ethyl 
4 : 6-dinitrophenylene-1 : 3-diacetoacetate were formed than when 
the condensation required twelve hours. 

(2) The condensation was carried out as before, but for a period 
of twenty-four hours and with the addition of two molecular pro- 
portions of alcohol. The yield of ethyl 4 : 6-dinitrophenylene-1 : 3- 
diacetate was still further increased, and that of ethyl] 4 : 6-dinitro- 
phenylene-1 : 3-diacetoacetate very small. 

(3) Ethyl 4: 6-dinitrophenylene-1 : 3-diacetoacetate (1 gram; 
1 mol.) was boiled for twenty-four hours in benzene with ethyl 
sodiaacetoacetate (0-5 mol,), Half a gram of the original ester 
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was recovered unchanged and 0-3 gram of ethyl] 4 : 6-dinitrophenyl- 
ene-1 : 3-diacetate was obtained. 


These results are discussed in the theoretical portion of the paper. 

From the condensation of ethyl sodioacetoacetate and 1 : 3- 
dichloro-4 : 6-dinitrobenzene still another crystalline substance 
was isolated. The ethyl 4 : 6-dinitrophenylene-1 : 3-diacetoacetate 
contained a minute amount of long, white needles, which were easily 
obtained pure, owing to their comparatively slight solubility in 
alcohol. The yield of this substance is increased to about 0-2 gram 
when a little free ethyl acetoacetate is added to the quantities 
condensed described on page 2649. The needles melt at 169° and 
are free from nitrogen and chlorine. The alcoholic solution, when 
mixed with ferric chloride solution (of which only a trace must be 
used), gives a deep violet colour. These and other properties agree 
with those of the substance melting at 169° obtained by Perkin 
and Thorpe (loc. cit.). We prepared the benzopyrone derivative 
described by Collie and Chrystall (loc. cit.) and found it to melt at 
169°, alone or when mixed with the needles already isolated. The 
compound formed by heating ethyl acetoacetate and ethyl sodio- 
acetoacetate was also analysed (Found: C = 63-25; H = 5-4. 
C,gH,,0, requires C = 63-2; H = 5-2 per cent.) and the empirical 
formula of Collie and Chrystall confirmed. 


4 : 6-Dinitrophenylene-1 : 3-diacetic Acid. 


A large proportion of the acid required was obtained from the ethyl 
ester formed as a by-product in the preparation of ethyl 4 : 6-dinitro- 
phenylene-1 : 3-diacetoacetate. The ester is conveniently hydrolysed 
by boiling with excess of concentrated hydrochloric acid and an 
equal volume of alcohol (90 per cent.). By this means the ester is 
brought into solution and after boiling for ten minutes most of the 
alcohol is distilled off and the remaining solution concentrated, 
when the dinitrophenylenediacetic acid, which is fairly soluble 
in cold water, separates out in almost quantitative yield. 

Part of the dinitrophenylenediacetic acid required was obtained 
by the hydrolysis and action of heat on ethyl 4 : 6-dinitrophenylene- 
1: 3-dimalonate (X), first obtained by Borsche and Bahr (loc. cit.). 
It is more convenient not to use ether as solvent, but to carry out 
the condensation (with a small excess of ethyl sodiomalonate) in 
boiling benzene for a period of twelve hours. After removal of 
the benzene by distillation in a vacuum the crude residual ethyl 
dinitrophenylenedimalonate (1 part) is treated with glacial acetic 
acid (1 part) and water (} part), and concentrated sulphuric acid 
($ part) is gradually added to the mixture, heated on the water-bath. 
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When the evolution of carbon dioxide slackens, a further quantity 
(4 part) of water is added and the mixture boiled for an hour, 
After cooling, the reaction product is extracted with ether, the 
ether removed, and the acetic acid may be eliminated from the 
residual liquid mixture of acetic and dinitrophenylenediacetic 
acids by evaporation over alkali, as recommended by Borsche. The 
separation can, however, be expedited by taking advantage of the 
slight solubility of lead 4: 6-dinitrophenylene-1 : 3-diacetate in 
cold water. It is noteworthy that this salt is soluble in an excess 
of alkali acetate and in acetic acid. In this way, 1 : 3-dichloro. 
4 :6-dinitrobenzene is converted into 4 : 6-dinitrophenylene-] : 3. 
diacetic acid in a yield of 60 per cent. 


2 : 6-Dihydroxy-m-«-benzbispyrrole (XII). 

A hot solution of ferrous sulphate (80 grams of FeSO,,7H,0) 
in water (150 c.c.) is gradually added with stirring to a solution 
formed by dissolving 4 : 6-dinitrophenylene-1 : 3-diacetic acid 
(5-7 grams) in a mixture of equal volumes of ammonia (30 c.c.; 
d 0-880) and water. Reduction rapidly takes place, the product 
is heated on the water-bath, filtered hot; and the precipitate well 
washed with boiling water. The iron-free filtrate is concentrated 
on the water-bath, diluted with water, and again concentrated, 
and this procedure repeated until the liquid no longer smells of 
ammonia and has a volume of about 80 c.c. The liquid, from 
which some of the desired substance has already separated, is treated 
with 20 c.c. of N-sulphuric acid and left over-night. The brown 
substance which separates is dissolved in hot N-sodium hydroxide 
solution (30 c.c.), and the hot filtered solution treated with hot 
N-sulphuric acid solution (30 c.c.), when crystals of 2 : 6-dihydroxy- 
m-«-benzbispyrrole rapidly separate and after twelve hours a yield 
of 2-7 grams is obtained. It is, however, not pure (Found: C= 
62:3; H=44. C,,H,O,N, requires C = 63:8; H = 4:3 per cent.) 
and is purified by repeated crystallisation from water or methy] alco- 
hol, when very light brown needles are obtained, or by sublimation 
in a vacuum, when it is isolated in a perfectly colourless condition. 
However, the crude product, in which the chief impurity is a small 
amount of non-volatile substance insoluble in mineral acid, can be 
sufficiently purified for many purposes by dissolving it in a little warm 
concentrated hydrochloric acid and diluting the filtered solution 
with water, when the dihydroxybenzbispyrrole is reprecipitated. 

2 : 6-Dihydroxy-m-«-benzbispyrrole consists of colourless, silky 
needles which begin to sinter at about 300° and partly melt and 
completely decompose between 300° and 350°. The temperature 
of decomposition varies considerably with the rate of heating 
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(Found: C=641; H=45; N=14-7. C,9H,O,N, requires 
(= 63:8; H = 43; N = 14-9 percent.). When carefully heated, 
it sublimes at 30 mm. with some decomposition. It dissolves 
readily in dilute sodium hydroxide solution and is not reprecipitated 
by carbon dioxide. It is a very weak base (this fact and its sparing 
solubility in neutral organic solvents rendered the preparation of 
the pure hydrochloride impossible), but dissolves in excess of cold 
concentrated hydrochloric acid, and is more soluble in cold dilute 
aqueous mineral acid, sodium carbonate, and ammonia solutions 
than in cold water. It is rather soluble in boiling water, less soluble 
in boiling methyl alcohol, and slightly soluble in the cold solvents. 
It is practically insoluble in boiling ether, acetone, chloroform, 
benzene, xylene, or benzaldehyde. The aqueous solution gives 
no coloration with ferric chloride and reduces ammoniacal silver 
nitrate and potassium permanganate solutions even in the cold. 
When a sodium hydroxide solution of 2 : 6-dihydroxy-m-«-benzbis- 
pyrrole is treated with benzenediazonium chloride, a brownish- 
red precipitate insoluble in a large excess of sodium hydroxide 
solution is at once formed, but this derivative is difficult to obtain 
ina pure state. 

The monosodium salt of 2: 6-dihydroxy-m-«-benzbispyrrole is 
formed by adding the latter substance with stirring to a small 
quantity of 2N-sodium hydroxide at the ordinary temperature 
until no more dissolves. The excess of dihydroxybenzbispyrrole 
is at once filtered off and the filtrate, from which the air is now 
excluded, rapidly deposits the monosodium salt in very light brown 
prisms containing a large amount of water of crystallisation, of 
which the last traces are only very slowly lost at 150° (Found : 
in anhydrous substance, *C = 56-45; H=3-7; Na= 10-9. 
C,)H,0,N,Na requires C = 57-1; H = 3-3; Na = 10-95 per cent.). 
When the salt is boiled with water and the solution cooled, some 
dihydroxybenzbispyrrole is precipitated in colourless needles. 

What is presumably the disodiwm salt from 2 : 6-dihydroxybenz- 
bispyrrole and a slight excess of cold concentrated caustic soda 
solution forms almost colourless needles extremely soluble in cold 
water. Owing to its great solubility, sufficient was not obtained 
for analysis. ‘The aqueous solution does not deposit 2 : 6-dihydroxy- 
benzbispyrrole when boiled and cooled. Aqueous solutions both 
of the mono- and di-sodium salts immediately give a scarlet colora- 
tion with phenolphthalein. 

2 : 6-Diketo-3 : 5-dibenzylidene-2 : 3 : 5 : 6-tetrahydro-m- « - benzbis- 
pyrrole (XVII).—2 : 6-Dihydroxy-m-«-benzbispyrrole (0-3 gram) is 

* Allowance is made for the carbon retained as sodium carbonate in 


the boat. 
VOL. CXXI. 4x 
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boiled with benzaldehyde (2 c.c.), when no appreciable reaction 
occurs. A minute trace of piperidine is introduced into the hot 
suspension, which is again boiled, when a vigorous reaction takes 
place and a clear red solution is produced. After boiling for one 
minute, the solution is allowed to cool and orange crystals separate 
even above 100°. The crystals (0-4 gram) are collected and washed 
consecutively with ether, cold dilute sodium hydroxide solution, 
water, and then dried. The condensation can also be carried out 
in alcohol containing piperidine, after the method of preparing 
benzylideneoxindole (Wahl and Bagard, loc. cit.), but the reaction 
is slow. In both cases, the product consists of deep orange rhombo. 
hedra sintering at about 300° and melting with decomposition 
at 315° (Found: C=78-7; H=44; N=7-4. C,,H,,0,N, 
requires C = 79-1; H = 4-4; N = 7-7 per cent.). It is sparingly 
soluble in organic solvents, but can be recrystallised from large 
quantities of ethyl acetate or ethyl alcohol. It is insoluble in cold 
dilute sodium hydroxide solution, but when boiled with concentrated 
sodium hydroxide solution a turbid brown coloration is formed 
which becomes a clear bright red on adding alcohol. Great dilution 
with alcohol produces a yellow solution. 2: 6-Diketo-3: 5-di- 
benzylidene-2 : 3 : 5 : 6-tetrahydro-m-a-benzbispyrrole dissolves in 
cold concentrated sulphuric acid to produce a clear, non-fluorescent, 
deep orange solution, from which an amorphous, yellow substance 
is precipitated on dilution with water. 

2 : 6-Dihydroxy-m-«-benzbispyrrole and Nitrosating Agents. —The 
action of nitrous acid on a cold hydrochloric acid solution of 2 : 6-di- 
hydroxy-m-«-benzbispyrrole causes an immediate precipitation of a 
yellow powder insoluble in cold concentrated hydrochloric acid and 
soluble in cold sodium hydroxide solution with the formation of a clear 
brownish-red solution. This substance, however, is not pure, and the 
action of amyl nitrate (with hydrogen chloride or sodium ethoxide as 
condensing agents) on 2 : 6-dihydroxy-m-«-benzbispyrrole ‘likewise 
produces an impure oximino-derivative. Nitrosation, with rapid 
subsequent hydrolysis, by the gradual addition of dilute sulphuric 
acid to a boiling aqueous solution of 2 : 6-dihydroxy-m-«-benzbis- 
pyrrole and sodium nitrite, causes the formation of a red precipitate 
which, after continued hydrolysis with acid and purification by 
solution in cold alkali, is obtained on reprecipitation a acid as al 
a EE dark red precipitate. This crude 2:3: 5 : 6-tetraketo- 
2:3:5: 6-tetrahydro- m-a-benzbispyrrole (XIX) ‘anaes in cold 
alkali with an intense red coloration, is slightly soluble in boiling 
water, and practically insoluble in organic solvents, cold water, or 
cold concentrated hydrochloric acid. When warmed with a trace 
of thiophen (or commercial benzene) and concentrated sulphuric 
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acid, an intense deep green coloration is obtained. The analysis 
of this isatin analogue is, however, far from satisfactory, and the 
substance has not yet been prepared in a pure or crystalline con- 
dition. The high and rather indefinite melting points and the sparing 
solubility in organic solvents, as well as the dual character of the 
m-z-benzbispyrrole derivatives, sometimes make their purification 
difficult. ; 

The investigation of the properties of the parent substance, 
m-a-benzbispyrrole, and of some further derivatives, and particu- 
larly their behaviour on continued oxidation, is contemplated. 
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CCCXIX.—The Molecular Scatiering of Light in 
n-Pentane. 


- By RAMAVENKATASUBBA VENKATESWARAN. 


A yew field of work which promises to prove of great importance 
in physical chemistry was opened up by the experimental researches 
of Smoluchowski (Bull. Acad. Sci. Cracovie, 1916, 31, 218), 
Cabannes (Compt. rend., 1915, 160, 62; Ann. Physique, 1920, 15, 
1), and the present Lord Rayleigh (Proc. Roy. Soc., 1918, 94, 
453) on the molecular scattering of light in gases and vapours, 
and especially by the discovery by Rayleigh that the light scattered 
by gases and vapours in a direction transverse to the primary 
beam is in general not completely polarised, indicating an optical 
elotropy of the molecules. The measurements of Cabannes and 
of Rayleigh are in general agreement with the theory of molecular 
scattering of light developed by the late Lord Rayleigh, according 
to which «, the fraction of the incident energy which is scattered 
in passing through unit volume of the substance, is given by the 
formula 


3223 (n — 1)? 
“c=  s Wri . . ° ° . . . (1) 


where N is the number of molecules per unit volume, n the refrac- 


tive index of the medium, and A the wave-length of the incident 
4x2 
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light. The scattering of light in passage through dust-free liquids 
has also been observed by the present Lord Rayleigh (Proc. Roy. 
Soc., 1918, 95, 174) and Martin (J. Physical Chem., 1920, 24, 
478; 1922, 26, 75) and it was found that the scattering power 
of the liquid studied (ether) is considerably smaller than that given 
by formula (1), although, owing to the greater density of the 
liquid, the absolute magnitude of the effect is many times greater 
than in the vapour phase. 

Of an entirely higher order of magnitude is the well-known 
phenomenon of strong opalescence exhibited by substances in 
the neighbourhood of the critical state. This phenomenon was 
qualitatively studied by Travers and Usher (Proc. Roy. Soc., 1906, 
78, 247), S. Young (ibid., p. 262), and F. B. Young (Phil. Mag, 
1910, [vi], 20, 793), and quantitatively by Kammerlingh Onnes 
and Keesom (Proc. Roy. Soc. Amsterdam, 1908, 10, 173). An 
explanation of the phenomenon on thermodynamic principles as 
due to accidental deviations of density was put forward by 
Smoluchowski (Ann. Physik, 1908, 25, 205), and, later, Einstein 
(tbid., 1910, 33, 1275) obtained from Maxwell’s equations of the 
electromagnetic field an expression for the intensity of the light 
scattered in consequence of such deviations. He showed that the 
fraction, «, of the incident energy scattered in the substance per 


unit volume is 


823 1, (n? — 1)? (n? 4- 2)? 
a= = erp Se Rat «i 
where F is the gas constant, N, the Avogadro number, the iso- 
thermal compressibility of the substance, the refractive index, 
and A the wave-length of the incident light. Keesom (ébid., 1911, 
35, 591) tested this formula over a range of 2-35° above the critical 
point of ethylene and found good agreement except in the immediate 
neighbourhood of the critical point. 

The subject has gained a new significance as the result of the 
work of Raman (“ Molecular Diffraction of Light,’’ by C. V. Raman, 
published by the Calcutta University Press, 1922. See also Nature, 
1921, 108, 402; Proc. Roy. Soc., 1922, 101, 64), who has shown 
that the three phenomena mentioned above, namely, scattering 
of light by gases and vapours, scattering by liquids, and critical 
opalescence, which are of such different orders of magnitude and 
apparently so distinct, stand in reality in the closest relationship 
to each other, their magnitudes in each case being given by the 
Einstein-Smoluchowski formula (2), and further that this law, 
which reduces to Rayleigh’s formula in the special case of a gas 
obeying Boyle’s law, is much more generally applicable than (1), 
and should be regarded as the fundamental relation determining 
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quids# the scattering power of fluid media. The theory of Einstein- 
Roy.{ Smoluchowski does not, however, take into consideration the 
, 24 B influence of molecular xlotropy, and has to be modified. The 


magnitude of this correction and its variations with temperature 
and pressure have been discussed by Raman and are referred to 
below. The subject bears very closely on various physicochemical 
conceptions such as the anisotropy of the molecule, molecular 
association, etc., and it is thus of importance to make a 


10Wn § thorough investigation of the scattering of light in a large number 
'S inf of substances and to determine the validity of the theoretical 
was ff results over the widest possible range of experimental conditions. 


A series of researches with this object in view has been under- 
taken at the suggestion of Prof. Raman. The cases of ether and 
benzene have been studied by Mr. K. R. Ramanathan, and the 
results will shortly be published. The present paper describes a 
similar study made with n-pentane both in the liquid and saturated 
vapour phases and in the gaseous phase above the critical tem- 
perature up to 214°. 


EXPERIMENTAL. 


The n-pentane used in these experiments had been fractionally 
distilled, the middle fraction, boiling at 37—38°, being then redis- 
tilled in a vacuum directly into the observation bulb, which was 
of 1 inch external diameter. The form of apparatus used was 
that employed by Martin to obtain dust-free liquids. 

The glass bulb containing the required quantity of dust-free 
liquid was painted black except at three places, two at the sides 
for the admission and exit of light and the third, at the base, for 
the observation of the scattered light. ‘The bulb was mounted at 
the centre of a stout iron cross-tube similar to the one employed 
by Lord Rayleigh. The contents of the bulb could be raised to 
any particular temperature and the temperature maintained 
constant within a few tenths of a degree for hours, the heating being 
conducted by passing an electric current through a coil of wire 
wound round the iron cross-tube. The cross-tube was mounted 
horizontally and a narrow cone of sunlight was focussed at the 
centre of the bulb by means of a lens. With this arrangement, 
the track of the light inside the bulb was easily visible through the 
window at the base of the bulb. 

A quantity of pure redistilled benzene (dust-free) was placed in 
a rectangular glass bottle, and the track of light obtained by con- 
centrating sunlight by a lens of the same focal length as the one 
mentioned above formed the standard for measuring the intensity 
of the scattered light in pentane. The image of the track of light 
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in benzene was brought into the same field of view as that of 
pentane by means of two totally reflecting prisms. The photo. 
metry was carried out with an Abney rotating sectored disk, 
Different apertures of known diameter could be introduced in front 
of either lens in order to regulate the brightness and thus facilitate 
measurement; this has the additional advantage of minimising 
the heating effect of the cone of light. 

The measurements thus obtained express the scattering power 
of pentane in the liquid or vapour phase as the case may be, in 
terms of the scattering power of liquid benzene at the temperature 
of the laboratory. It is desirable to express the scattering power 
in terms of that of liquid ether, as this forms a convenient standard. 
In order to effect this, a bulb containing dust-free ether at 35° 
was placed inside the cross-tube, the scattering power of the ether 
was compared with that of the benzene outside, and the values 
for pentane in terms of the benzene standard were multiplied by 
the ratio of the scattering power of benzene to that of ether, thus 
giving the scattering power of pentane in terms of that of liquid 
ether at 35°. 

As the bulb containing ether was mounted in the same cross. 
tube, the substance studied (pentane) and the standard (ether) 
were in precisely the same conditions of experimentation. In the 
case of pentane vapour, however, a small correction is required 
for the loss of light on reflection at the interior walls of the bulb. 
This correction, which amounts to about 6 per cent., was applied 
to the observed values for the scattering power of pentane vapour. 


Results. 


The observed values for the scattering power of n-pentane, in 
the saturated vapour phase, in the gaseous phase, and in the liquid 
phase, are given in the second column of Tables I, II, and III, 
respectively, the intensity of the scattered light being expressed in 
terms of that in liquid ether at 35° as standard. In the third 
column are given the theoretical values indicated by the Einstein- 
Smoluchowski formula after applying the correction for the imperfect 
polarisation of the scattered light as explained in a later paragraph. 

The theoretical value according to the Einstein-Smoluchowski 
formula is 7'8(n* — 1)?(n? +- 2)?/7',8,(n,2 — 1)(n,? + 2), where § 
and » are the compressibility and refractive index, respectively, 
of n-pentane at the absolute temperature 7’, and 8, and n, are the 
corresponding quantities for ether at 7',(273 + 35°). The values 
of n at different temperatures were obtained by applying Lorentz’s J 
refraction formula (n? — 1)/(n? +- 2) = kp (p being the density of 
the substance); from the values of density of saturated vapour 
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and liquid pentane given by S. Young (T., 1897, 71, 58), k = 0-3538 
for n-pentane. 


“disk. The values of 8, the compressibility of pentane at different 
front | temperatures, were determined by plotting the pressure-volume 
litate data given by Rose-Innes and Young (Phil. Mag., 1899, [vil], 


47, 355) and drawing tangents to the different isothermals 
at the points of saturation. In the case of vapour of »-pentane 
between 180° and 197-2°, the critical temperature, the pressure— 
volume data have not been given by these authors, and 


ature B the values of p( = — : 4 at these temperatures were calculated 
ower ~ w'dp 

dard, @ from the values of dp/dT given by Rose-Innes and Young by the 
t 35° @ application of Dieterici’s relation, 


ether 
dp p cR_cR dp, _,. 
ce e-F- ss & (c = 1-707 for n-pentane). 
3 The values of 8 obtained in this way were plotted along with 


the values of 8 obtained from the pressure-volume data, a smooth 
curve was drawn through them, and the value of @ for saturated 
pentane vapour at any temperature was read from the curve. 

The values of @ for liquid pentane were obtained from Landolt’s 
tables up to 100° and from the pressure-volume data given by 
Rose-Innes and Young above 130°. In order to determine the 
values of 8 and x for n-pentane in the gaseous phase above the 
critical point, it is necessary to know the actual mass of pentane 
used and the volume of the bulb; these were separately determined 
at the end of the experiment. 

The fourth column contains the ratio of the scattering power 
of n-pentane at ¢° to that of the same at 87°. In the fifth column 
are given the ratios of the density of the substance at ¢° to that 
at 87°. 

The results obtained show a satisfactory agreement with those 
calculated from the Einstein-Smoluchowski formula. Indeed, a 
closer agreement cannot be expected, if it is remembered that 
experimental difficulties, such as slight fluctuations of temperature, 
a trace of dissolved air or traces of impurities such as benzene in 
the pentane, have a large influence on the scattering power. More- 
over, the theoretical values are not very accurate, as there is a 
little uncertainty in determining the compressibility from the 
curves, especially at the points of saturation. There can, however, 
be no doubt as to the validity of the Einstein-Smoluchowski formula 
for the scattering power of n-pentane in all three phases, liquid, 
J saturated vapour, and gas. If the Rayleigh formula held good, 
the values in the fourth and fifth columns in Tables I and IIL 
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TABLE [. 


Scattering of light in the saturated vapour of n-pentane. 


Scattering power of n-pentane Scattering power 
vapour of n-pentane Density of sat- 


Scattering power of liquid ether 
at 35°. 


vapour at ¢°  urated vapour of 
Scattering power ™-pentane at /° 

Tem- — —_—— of the same at Density of the 
perature. Observed. Calculated. 87°. same at 87°, 

87° 0-235 1-00 

125-2 0-73 S 3-11 

137 1-20 li 5-11 

145 1-95 “5S 8-30 

149 2-10 8! 9-14 

154 2-42 

155-4 2-66 

167 3-90 

172 5-88 

183 13-4 

187 17-8 

189 22-1 

190-5 23-3 

193 30-8 

196 70-8 


PISS SS HD Tih mH oo wo Gok 
WO CrP RA1WN OR 
Broan iae 
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TABLE II. 
Scattering of light in gaseous pentane above the critical point. 


Scattering power of pentane 
vapour Ratio of scat- Ratio of density 
Scattering power of liquid tering power of of gaseous pen- 
ether at 35°. gaseous pentane tane at ¢° to that 
Tem- att°tothatofthe of the same 
perature. Observed. Calculated. same at 36-5°. at 36-5°. 
200° 48-5 (26-0) 206 
203 30-8 24-3 131 
210 20-8 18-5 90 
214 15-2 15-7 65 


TABLE III. 
Scattering of light in liquid n-pentane. 


Scattering power of pentane 
vapour Ratio of scatter- Ratio of the den- 
Scattering power of liquid ing power of sity of liquid 
ether at 35°. liquid pentane at pentane at ¢° to 
Tem- ————- —_— t° to that of the that of the same 
perature. Observed. Calculated. same at 36-5°. at 36-5°. 
36-5° 1-61 1-00 
86-6 { 76 0-922 
103-8 oe ome ig 2 0-877 
117-0 +2 ‘7 6 0-839 
128-0 . ° “3t 0-814 
138-0 . “ 96 0-789 
148-6 ° f 5- 0-759 
156-8 ° “7 5-6: 0-732 


2661 


THE MOLECULAR SCATTERING OF LIGHT IN 2-PENTANE. 


should have agreed. Actually this is far from being the case, 
the scattering power of the vapour increasing at a much greater 
rate than that proportional to its density, as the temperature is 
raised. It is evident that the Rayleigh formula breaks down 
completely for all three phases and that the “ principle of random 
phase ” on which he founded his theory of molecular scattering of 
light is not valid except in the case of a perfect gas. 


Polarisation of the Scattered Light. 


It was shown by Rayleigh by a photographic method that the 
light scattered by dust-free gases and vapours in a direction at 
right angles to the incident beam is, in general, imperfectly polarised. 
In the case of pentane vapour he found the ratio of the weak com- 
ponent to the strong in the scattered light was 1-2 per cent., the 
result being, hpwever, marked as doubtful owing to the formation 
of a cloud in the observation tube. In order to study the effect 
of temperature and pressure on the polarisation of the scattered 
light, the extent of the imperfection of polarisation at the various 
temperatures was determined by the present author in the following 
manner. A cone of sunlight or light from an arc lamp was focussed 
at the centre of the observation bulb containing the liquid or vapour 
of pentane, and the scattered light was viewed through a double- 
image prism and a Nicol. The double-image prism was adjusted 
so as to bring the two images, the strong and the weak components, 
into line, and the Nicol was then turned until the two images were 
of equal brightness. The Nicol was then rotated to another 
position at which the two images were of equal brightness. The 
angle through which the Nicol was turned between the two positions 
was read on the graduated disk. The ratio, r, of the weak component 
to the strong is equal to the square of the tangent of half the angle 
and is a measure of the imperfectness of polarisation. 


Polarisation of the scattered light in pentane. 


{ Temperature 30° 80° 86° 122° 151° 159° 173° 
Liquid ~ Imperfection of 7-2 72 67 5:2 1-7 1:5 1-5 per 
polarisation cent. 
{ Temperature 144° 167° 181° 197° 
Vapour - Imperfection of 2-5 2-0 1:5 1-5 per cent. 
f polarisation 


It will be seen that the degree of imperfection of polarisation 
of the scattered light in pentane vapour is very small, but it shows 
a marked diminution as the critical temperature is approached ; 
in the case of the liquid, on the other hand, the degree of imper- 
fection is fairly considerable at low temperatures, remains constant 


up to moderately high temperatures, and then rapidly falls to a 
4x* 
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small value, which is the same as in the case of the vapour. There 
is no change in the degree of imperfection on passing through the 
‘critical point. 

The explanation of the remarkable difference in the state of 
polarisation of the light scattered in vapours and in liquids and 
of its changes with temperature and pressure has been discussed 
by Raman. His theory may be briefly outlined as follows. The 
light scattered by a fluid may be divided into two parts, (1) the 
scattering of the one part is due to thermal fluctuations of density, 
and is determined by the positions of the molecules, its magnitude 
being given by the Einstein-Smoluchowski formula, and (2) the 
scattering of the other arises from the anisotropy of the molecules, 
the magnitude of the effect being determined by their varying 
orientation. Part (1), when observed in a direction transverse 
to the primary beam, consists wholly of polarised light, and part (2) 
almost wholly of unpolarised light. When the substance is in the 
state of rarefied vapour, both the position and orientation of the 
molecules may be assumed to be absolutely at random, and its 
power of scattering light is, as indicated by the Rayleigh law, 
proportional to its density. But when the vapour is compressed 
to such an extent that its pressure-volume relation deviates from 
Boyle’s law, or when the substance passes into the state of liquid, 
the positions of the molecules in space no longer form a random 
distribution, and the part of the scattered light which is due to 
fluctuations of density ceases to be proportional to the density. 
In liquids, in fact, this part of the scattering becomes much smaller 
relatively to the vapour than the value proportional to the greater 
density, as can be seen from a comparison of the figures in Tables I 
and III. The orientation of the molecules, on the other hand, 
does not depart very greatly from a random distribution, and the 
unpolarised part of the scattered light which arises from differences 
of the properties of the molecules in different directions increases 
nearly in proportion to the density. The ratio of the unpolarised 
to the polarised part of the scattering should therefore be con- 
siderably greater for the liquid than for the vapour at the ordinary 
temperature. This is what is actually observed, and the same 
considerations also explain why the polarisation of the scattered 
light both in the liquid and the saturated vapour phases improves 
pari passu with the increased intensity of scattering as the 
temperature is raised. 

It is obvious from what has been said above that owing to 
admixture of unpolarised light arising from the anisotropy of the 
molecules, the scattering of light actually observed must be greater 
than that given by the Einstein-Smoluchowski theory. The magni- 
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tude of the correction factor is easily found. The quantity r, 
which is a measure of the imperfectness of polarisation, is 


Intensity of weak component 


~ Intensity of strong component ’ 


and the complete mathematical investigation shows that the total 
intensity of the scattered light in a direction transverse to the 
primary beam is increased in the ratio (6 + 6r)/(6 — 7r). This 
correction has been introduced in the figures contained in the 
third column of tables I, II, and IIT. 

The author proposes to continue the investigation of the scattering 
of light in a large number of carbon compounds and of the degree 
of imperfection of polarisation of the scattered light, with a view 
to find out the relation between these quantities and the structure 
of the molecule. 


In conclusion, I have great pleasure in acknowledging my in- 
debtedness to Prof. C. V. Raman, under whose inspiring guidance 
the work was carried out. 


University COLLEGE, 
Rangoon, BurRMa. (Received, July 3rd, 1922.) 


CCCXX.—Dyes derived from aa’-Dicyanodibenzyl 
Diketone. 


By Srxurpuusuan Durr and Nirmat Kumar Sen. 


By the action of oxalic ester on benzyl cyanide in presence 

of alcoholic sodium ethoxide, Volhard (Annalen, 1894, 282, 4) 

obtained a compound to which he gave the name diphenylketipic- 

dinitrile [««’-dicyanodibenzyl diketone] and the constitution 
CN-CHPh:CO-CO-CHPh:’CN. 

He described it as crystallising in olive-green needles melting at 

272°. 

Employing his method, the authors obtained a substance which 
crystallised in glistening, bright yellow leaflets and melted at 
132°. That this substance is ««’-dicyanodibenzyl diketone is 
indicated by the analytical data and also by the fact that, like 
other «-diketones, it undergoes condensation with o-diamines to 
form azines. ‘These condensation products, which are characterised 
by their crystallising power and dyeing properties, closely resemble 
the corresponding azines derived from benzil, 6-naphthaquinone, 
and phenanthraquinone. Condensation has been effected with 


the following diamines: ethylenediamine, o-phenylenediamine, 
4x*2 
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2 : 3-tolylenediamine, 1 : 2-naphthylenediamine and its 5-sulphonic 
acid, 8-hydroxy-1 : 2-naphthylenediamine-6-sulphonic acid, 1 : 2 : 4. 
triaminobenzene, 2-aminodiphenylamine, 2-aminodi-p-tolylamine, 
phenyl-1-amino-8-naphthylamine, 2-aminophenyl-«-naphthylamine, 
and 2-amino-4-anilinodiphenylamine. 

Most of the condensation products are bright yellow substances 
which give the characteristic colour reactions of azines with con. 
centrated sulphuric acid and dye wool in very uniform and fine 
shades from an acid bath. 


EXPERIMENTAL. 


aa’-Dicyanodibenzyl Diketone.—2-5 Grams of sodium were dis. 
solved in 40 c.c. of absolute alcohol, the solution was cooled, and 
a mixture of 7 grams of benzyl cyanide and 4-8 grams of ethyl 
oxalate in 40 c.c. of absolute alcohol added. The mixture was 
heated on the water-bath under reflux for half an hour and acidified 
with dilute hydrochloric acid. The yellow, crystalline precipitate, 
twice recrystallised from dilute acetic acid, formed brilliant, yellow, 
glistening leaflets, m. p. 132° (Found: N= 9-4. (C,,H,,0,N, 
requires N = 9-72 per cent.). 

The above process was subsequently modified by omitting the 
alcohol, the sodium being added directly to the mixture of benzyl 
cyanide and ethyl oxalate. The reaction, which was slow at first, 
proceeded with increasing vigour, and the whole mass became 
viscid. The product was acidified and the resulting precipitate 
crystallised as before. 


Condensation with Diamines. 


In the following preparations, unless otherwise stated, 2-8 grams 
of a«’-dicyanodibenzyl diketone were condensed, in glacial acetic 
acid, with the quantity of diamine recorded. In the formula, 
X denotes CN-CHPh:. The dyeing properties were tested on wool 
in an acid bath. se 

ae ay 2 « @ Athowcad K+ Ads we ° 2 was 
an’-Dicyano-2 : 3-dibenzyl-5 : 6-dihydropyrazine, SF in oy was 
prepared from 1-5 grams of ethylenediamine hydrochloride in about 
30 c.c. of boiling water. The yellow colour of the diketone rapidly 
disappeared, and an almost colourless, crystalline substance was 
formed. This, recrystallised from dilute alcohol, was obtained in 
very pale yellow needles, m. p. 155° (Found: N = 18-4. CypH,6N, 
requires N = 18-0 per cent.). 
ms : : : NOX 
ac’-Dicyano-2 : 3-dibenzylquinoxaline, CoHi<y: bx? prepared from 


1-2 grams of o-phenylenediamine, crystallised from 40 per cent. 
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getic acid in brilliant, yellow, glistening needles, m. p. 227° 
(Found: N = 16-2. C,,H,,N, requires N = 15-6 per cent.). The 
substance dissolves in concentrated sulphuric acid with a blood-red 
colour, and dyes bright yellow shades, 


aa’-Dicyano-2 : 3-dibenzyl-8-methylquinoxaline, C.HyMe<N he 


prepared from 1-4 grams of 2 : 3-tolylenediamine, crystallised from 
dilute acetic acid in brilliant, orange-red needles, decomposing 
above 250° (Found: N = 14°8. C,,H,,N, requires N = 14-9 per 
cent.). It dissolves in concentrated sulphuric acid with a violet 
colour, and dyes orange-red shades, 


ac’-Dicyano-2 : 3-dibenzyl-1 : 4-naphthaquinovaline, 


| 
A\/ 
prepared from 1-6 grams of 1 : 2-naphthylenediamine, crystallised 


from dilute acetic acid in bright orange-yellow needles, m. p. 230° 
(Found: N = 13-5. CygH,gN, requires N = 13-6 per cent.), It 
develops a violet colour with concentrated sulphuric acid, and dyes 
orange-yellow shades. 


aa’-Dicyano-7-amino-2 : 3-dibenzylquinoxaline, NH, CHS 


—}-6 Grams of the diketone and 4 grams of 1:2: 4-triamino- 
benzene dihydrochloride were boiled together with 60 c.c. of water 
for half an hour. The dark violet solution obtained was filtered, 
rendered alkaline with sodium hydroxide, and the dark brown pre- 
cipitate formed was crystallised from hot pyridine with the addition 
of dilute acetone, when the quinoxaline was obtained in yellowish- 
brown needles, which decomposed on heating (Found: N = 18-9. 
C.4H,,N,; requires N = 18-67 per cent.). It dissolves in concen- 
trated sulphuric acid with a violet colour, and dyes violet shades. 
aa’ - Dicyano -2 : 3-dibenzyl-1 : 4-naphthaquinozaline -7 - sulphonic 
acid, SOSHC gH <i 
and 2-5 grams of 1 : 2-naphthylenediamine-5-sulphonic acid with 
50 c.c. of water for about fifteen minutes. A clear solution was 
obtained which, on cooling, deposited the condensation product 
as a brownish-yellow mass. This was dissolved in sodium hydroxide, 
reprecipitated by hydrochloric acid, and finally crystallised from 
dilute acetic acid, glistening, yellow needles, decomposing above 
270°, being formed (Found: S=6-5. (C,,H,,0,N,S8 requires 
S = 6-53 per cent.). The naphthaquinoxaline dissolves in con- 


was prepared by boiling the diketone 
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centrated. sulphuric acid with a violet colour, and dyes intense 
yellow shades. 
aa’-Dicyano-10-hydroxy-2 : 3-dibenzyl-1 : 4-naphthaquinozaline. 


8-sulphonic acid, SO3H-CygH,(OH)<N A was prepared from 5-4 


grams of the diketone and 5-4 grams of 8-hydroxy-1 : 2-naphthyl. 
enediamine-6-sulphonic acid as in the preceding case. The product, 
purified by dissolution in sodium hydroxide and precipitation from 
the filtered solution with hydrochloric acid, was a yellowish-brown, 
amorphous powder which decomposed on heating (Found: S = 66, 
C,,H,,0,N,S requires S = 6-32 per cent.). It dissolves in con. 
centrated sulphuric acid with a reddish-violet colour and dyes 
chocolate shades on wool from a bath rendered alkaline with 2 per 
cent. sodium carbonate. 
ax’-Dicyano-1-phenyl-2 : 3-dibenzylquinoxalinium chloride, 


NPhCL”CX 
C.H , 1 
bx 


was prepared from 2-2 grams of 2-aminodiphenylamine hydrochloride 
in 40 c.c. of hot glacial acetic acid and 4 c.c. of concentrated hydro. 
chloric acid, the condensation product being deposited in fine, 
yellow needles, which decomposed on heating (Found: N = 114. 
C 39H, N,Cl requires N = 11-87 per cent.). .The substance dis. 
solves in concentrated sulphuric acid with an orange-yellow colour, 
and dyes bright yellow shades. 

aa’. Dicyano-1 -phenyl-2 : 3-dibenzyl-1 : 4-naphthaquinoxalinium 


chloride, OH similarly prepared from 2-4 grams of 


phenyl-1-amino-f-naphthylamine, was, after two minutes’ boiling and 
dilution with hot water, deposited in minute, orange-yellow needles, 
which decomposed on heating (Found: C=77-6; H=4-2. C,,H,,N,C(l 
requires C = 78-1; H = 4-7 per cent.). It dissolves in concentrated 
sulphuric acid with an orange-red colour, and dyes orange ‘shades. 
aa’ - Dicyano-1-«- naphthyl - 2 :3-dibenzylquinoxalinium chloride, 


OR: headed i prepared from 2-4 grams of the diketone 


and 1-2 grams of 2-aminophenyl-«-naphthylamine as above, crystal- 
lised from glacial acetic acid in red, microscopic needles (Found: 
C=17738; H=4-6. C,,H,,N,Cl requires C = 78-1; H = 4-4 per 
cent.). The substance dissolves in concentrated sulphuric acid 
with a reddish-violet colour, and dyes bright red shades. 
ax’-Dicyano-1-p-tolyl-2 : 3-dibenzyl-6-methylquinoxaline, 
C,H Mon Crt H,). wf 


prepared by means of 2-5 grams a 2-aminodi-p-tolylamine hydro- 
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chloride, crystallised from acetic acid in shining, brown needles 
(Found: N= 11-7. C,H,;N, requires N = 12-04 per cent.). It 
dissolves in sulphuric acid with an orange-brown colour, and dyes 


brown shades. : 
ax’-Dicyano-6-anilino-1-phenyl-2 : 3-dibenzylquinoxalinium  chlor- 


ide, NHPh-C,H< NO, prepared from 1-4 grams of the 


diketone and 1-4 grams of 2-amino-4-anilinodiphenylamine in 
resence of glacial acetic and concentrated hydrochloric acids, 
crystallised from the solution in microscopic, bluish-green needles, 
which decomposed on heating (Found: C=77:2; H= 4-2. 
(jgHagN,Cl requires C = 76-7; H = 4-6 per cent.). It dissolves 
in concentrated sulphuric acid with a green colour, and dyes fine 
bottle-green shades. 
Further work in this direction is in progress. 


CHEMICAL LABORATORY, 


Tue University or Dacca, 
Benoa, InpIA. [Received, May 22nd, 1922.] 


(CCX XI. — Esters of the Hydroxyalkylarylamines. 
Part I. Acid Sulphuric Esters of the Simple 


Monohydroxyethylarylamines. 
By Krenneto HERBERT SAUNDERS. 


Durtne a research in the latter part of 1920 on the preparation of 
the hydroxyethylarylamines, it was suggested by Prof. A. G. Green 
that the action of sulphuric acid on the alcoholic hydroxy-group in 
these compounds should lead to derivatives of ethyl hydrogen 


sulphate : 


(,H,-NH-C,H,-OH+H,80, (excess), C,H,‘NH-C,H,-0-S0,H+H,0. 
(I.) (II.) 


On experiment, it was found that if hydroxyethylaniline (I) is 
dissolved in two to three times its own weight of concentrated 
sulphuric acid at the temperature of the steam-bath, in a short 
time a test portion, on addition to excess of alkali, no longer gives 
oily drops of the original base, but dissolves to a clear solution. 
The conditions preclude any possibility of sulphonation, which, in 
the case of aniline, does not take place below 200° with ordinary 
sulphuric acid. The proof that the soluble compound so obtained 
is in fact a sulphuric ester (II) will be shown in the sequel. 

Further study has shown that the reaction is a general one, all 
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hydroxyalkylarylamines which have been examined giving similar 
sulphuric esters. The reaction is capable of extensive application in 
dyestuff manufacture (see Brit. Pat. 181750 of 1922), but it js 
proposed to deal here only with the conditions of formation an( 
chemical relationships of the simpler members of the group. Those 
compounds which contain two alcoholic hydroxy-groups present a 
rather more complex case which will be dealt with in a separate 
communication. 

The action of sulphuric acid on various hydroxyethylarylamines 
has up to the present been supposed to lead to one of the three 
types of heterocyclic compounds represented by N-diphenylpiper. 
azine, N-phenylmorpholine, and phenmorpholine. The latter two 
were first obtained by Knorr from dihydroxyethylaniline and mono. 
hydroxyethyl-o-aminophenol, respectively (Ber., 1889, 22, 208] 
et seq.), whilst Rindfuss and Harnack (J. Amer. Chem. Soc., 1920, 
42, 1720) have shown that sulphuric acid, among many other 
dehydrating agents, removes a molecule of water from two mok- 
cules of hydroxyethylaniline, thereby producing N-diphenylpiper- 
azine. In all the above work, sulphuric acid has been considered 
purely in the rdle of dehydrating agent, and the formation of 
sulphuric esters does not seem to have been surmised. Knorr 
(D.R.-P. 95854) specifically claims 70 per cent. sulphuric acid as the 
most efficient for ring formation, but it has been found that long 
heating of dihydroxyethylaniline with monohydrate at 100° produces 
merely a trace of the morpholine. Hence, although there is an 
ever-present tendency for both secondary and tertiary hydroxy- 
ethylarylamines to lose water to form heterocyclic compounds, yet 
by the use of appropriate methods it is possible to produce an ester 
of any arylamine containing a hydroxyethyl group, whether the 
arylamine exists as such or is combined in a more complex form 
such as a dyestuff or intermediate. Even when ring closure occurs, 
it is extremely probable that it is preceded by sulphuric ester 
formation, and in this connexion Knorr’s use of an extremely strong 
hydrolytic agent, 70 per cent. sulphuric acid, is significant. 

All members of this new range of compounds may be named as 
derivatives of 8-aminoethyl hydrogen sulphate, but as it is obvious 
that such a system of nomenclature would be difficult for complex 
dyestuffs, it has been proposed to refer to the alkylsulphuric acid 
group attached to nitrogen as the “ sulphato ” group, and the simplest 
member of the series, N-phenyl-8-aminoethyl hydrogen sulphate 
(II), is thus termed “‘ sulphatoethylaniline.” Similarly, the dye- 
stuffs which can be derived from such intermediates are referred to 
as the “sulphato” dyestuffs and the process of esterifying the 
hydroxy-group as “ sulphation.”’ 
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The process of sulphation can be carried out in several ways, and 
the choice of method depends on such considerations as the use to 
which the product is to be put. 

The first and simplest method, as mentioned above, consists in 
dissolving the hydroxyethylarylamine in strong sulphuric acid in 
such excess that esterification proceeds virtually to completion- 
Under these conditions, all types of compounds do not yield sulphato- 
derivatives with equal ease, and the monohydroxyethylarylamines, 
such as hydroxyethylaniline, require heating at 100° with several 
molecules excess of acid to attain entire solubility in aqueous 
alkalis. By neutralising the diluted sulphuric acid solutions with 
alkali or by liming out, solutions of the sulphato-salts are obtained 
which are not convenient starting-points for the isolation of the pure 
esters, as the process is beset with the same difficulties found in the 
attempt to isolate ethyl hydrogen sulphate itself in high yield and 
purity. Such solutions can, however, well be used for producing 
more complex derivatives of the product such as indamines or 
nitroso-compounds, and are easily estimated by titration with 
standard solutions of suitable diazo-salts. 

A second method of arriving at the sulphato-compounds consists 
in acting on arylamines with @-chloroethyl hydrogen sulphate (II). 
This latter substance is obtained from ethylene chlorohydrin and 
excess of sulphuric acid in exactly the same way as ethyl hydrogen 
sulphate is obtained from ethyl alcohol. In boiling neutral aqueous 
solution, it reacts with aniline, a carbonate being used to neutralise 
the hydrochloric acid produced. 


C,H,‘NH, + CH,Cl-CH,-0-S0,H —> C,H,NH-C,H,0-S0,H +- HCl. 
(IIL.) 


The solution obtained in this way is identical with that produced 
by acting on hydroxyethylaniline with excess of sulphuric acid. 
Partly on account of the necessity of employing dehydrated ethylene 
chlorohydrin, and also because the yields are indifferent, this method 
is not to be compared for convenience with the previous one. 

The third method available for the production of the sulphato- 
compounds has the advantage that by its use the simpler substances 
such as ethylsulphatoaniline may be readily obtained in the solid 
state in good yield. Chlorosulphonic acid is used as the esterifying 
agent in this case, and may be applied to an hydroxyethylarylamine 
in theoretical proportions either alone, or, better, in solution or 
suspension in a neutral solvent such as tetrachloroethane, whereby 
the vigorous reaction is toned down and the sulphato-derivative 
obtained direct. 

It is interesting to note that this reaction does not always yield 
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the sulphato-compound exclusively, as might be expected, but the 
amount obtained varies widely with different amines from the 
amount required by theory. The explanation appears to be that the 
chlorosulphonic acid plays the dual réle of esterifying agent and 
dehydrator, producing the neutral ester (IV) in addition to the 
sulphato-compound, the amounts being proportional to the relative 
velocities of the two reactions. 


C,H,;-NH-C,H,-OH + CISO,H —> C,H,;-NH-C,H,-0-SO,H + HCl. 
C,H,;"NH-C,H,°0-SO,H + C,H,-NH-C,H,OH + CISO,H 
C,H,;"NH-C,H,°O 
—> (IV.) C*H’-NH-C,H,-07 502 + H,SO, + HCl. 

It is intended to make a further study of this side reaction and its 
products in the near future. 

When obtained in the pure state, the simple sulphato-compounds 
are found to be white solids which can be crystallised from suitable 
solvents, whilst some give sharp melting points at high temperatures 
without immediate decomposition. The monobasic acids of the 
type of sulphatoethylaniline are sparingly soluble in cold. water; 
their salts with the alkali metals dissolve very readily, those with the 
alkaline earths not quite so easily. Boiling ethyl alcohol dissolves 
them to some extent, and is the best medium for recrystallisation. 
The presence of the acid radicle in the side chain greatly reduces 
the basicity of the amino-nitrogen atom, so that salts with acids are 
only formed in strongly acid solution, and these decompose on 
dilution or drying. One result of this is that sulphatoethylamino- 
azobenzene, in contrast to methyl-orange, is useless as an indicator, 
since moderate dilution of the red acid solution changes the colour 
to yellow owing to hydrolysis of the red dye-acid complex. 

Chemically, the sulphato-compounds show reactions characteristic 
of the units of their structure—arylamine and alkyl sulphate. A 
freshly prepared dilute solution of a sulphato-compound gives 
no precipitate with barium chloride. If concentrated, the more 
sparingly soluble barium salt may be precipitated, but redissolves on 
heating. That these substances are actually sulphuric esters is, 
however, shown by the fact that if the barium salt is boiled for 
long, particularly in concentrated solution, barium sulphate is 
thrown down. Like ethyl hydrogen sulphate, they are more 
rapidly hydrolysed by acids than by alkalis, the rate with the latter 
being very slow. Apparently, sulphato-compounds show greater 
stability in dilute than in concentrated solution, which is the cause 
of the difficulty encountered in crystallising them from water, since 
at the crystallising point hydrolysis occurs and the products con- 
taminate the sulphato-compound. Long-continued, drastic treat- 
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ment is necessary to effect complete hydrolysis. In this respect, 
they differ most markedly from the members of another series of 
substances to which they bear a resemblance, namely, the aryl- 
aminomethane-w-sulphonic acids obtained by acting on arylamines 
with formaldehyde-bisulphite. 

Further proof of structure is found in the coupling of sulphato- 
compounds with diazo-salts in the para-position to the sulphatoethyl- 
amino-group, a position which would not be occupied if sulphonation 
had taken place. In all such reactions as the formation of nitroso- 
compounds, indamines, etc., the sulphatoethylarylamines behave 
like the analogous simple alkylarylamines. 


EXPERIMENTAL. 


N-Phenyl-B-aminoethyl Hydrogen Sulphate  (‘‘ Sulphatoethyl- 
aniline’) (Formula II).—(a) Hydroxyethylaniline (68°5 grams), 
dissolved in 150 c.c. of tetrachloroethane cooled with ice-water, 
was slowly treated with 58-0 grams of distilled chlorosulphonic acid 
with strong stirring during a period of fifteen minutes. The sulphato- 
compound at once separated as a granular mass, which was stirred 
for some hours, eventually being warmed to expel the last traces 
of hydrochloric acid. The solvent was filtered off, the residue 
thoroughly pressed, and the remainder of the solvent removed by 
stirring with 100 c.c. of methylated spirit. The yield of dry sub- 
stance amounted to 100 grams (92 per cent. of theory). 

For analysis, the substance was twice crystallised from alcohol, 
in which it is soluble to the extent of about 5 per cent. at the boiling 
point and 1—2 per cent. when cold. The crystals are colourless, 
rectangular amine, m. p. 206° (Found: S = 14°69; N = 6°35. 
C,H,,0,NS requires S = 14°74; N = 6°45 per cent.). 

In order to prove that all the sulphur is combined as the sulphuric 
ester, a weighed quantity of the substance was hydrolysed with 
boiling dilute hydrochloric acid, and the sulphur weighed as barium 
sulphate (Found: S = 14°69 per cent.). 

In aqueous solution sulphatoethylaniline reacts with hypochlorites, 
giving colour reactions which vary with the temperature and con- 
centration. It decolorises bromine water, but does not react with 
copper sulphate. 

(b) Hydroxyethylaniline (13-7 grams) was dissolved in 27 grams 
of concentrated sulphuric acid and heated for one hour on the 
steam-bath. A drop of the solution was then found to be completely 
soluble in caustic soda. On pouring into 100 grams of ice and water 
and adding 100 c.c. of saturated salt solution, a white precipitate 
was obtained. This was collected and dried, and weighed 4°3 grams. 
It was analysed by conversion to the barium salt and estimation of 
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the ratio between the figures given by the chromate and p-nitro. 
benzenediazonium chloride titres (Callan and Henderson, J. Soc, 
Chem. Ind., 1919, 38, 4107) (Found: ratio diazo-titre/barium = 
4:131. Theoretical ratio 569/137 = 4°154). 

The remainder of the sulphatoethylaniline was found in the 
filtrate from which the solid had been separated, since sufficient 
basic properties are retained for it to be soluble in strongly acid 
solution. This solution can be employed, without isolation of the 
product, for the preparation of azo-derivatives, etc. 

(c) A solution of 12°5 grams of the barium salt of @-chloroethyl 
hydrogen sulphate was heated under reflux with 5:4 grams of barium 
carbonate and 5 grams of aniline for three hours. The corresponding 
action between aniline and ethylene chlorohydrin is practically com- 
plete in this time, but in this case there remained much undissolved 
carbonate. The mixture was filtered, the excess of aniline boiled 
away, the hydroxyethylaniline produced by hydrolysis was ex- 
tracted with ether, and the solution analysed as above (Found; 
ratio diazo-titre/barium = 3°908). The total amount in solution 
showed that the reaction had proceeded to the extent of 37 per cent. 

It appears from this and other experiments that the chlorine in 
6-chloroethyl hydrogen sulphate is more firmly fixed than in ethylene- 
chlorohydrin. The rate of reaction with aniline is only a trifle greater 
than the rate of hydrolysis of the sulphato-derivative produced and 
hence the yield is not increased by boiling for many hours, the final 
products of reaction being barium sulphate and chloride and 
hydroxyethylaniline. 

Rate of Hydrolysis —On account of the relationship of sulphato- 
ethylaniline to ethyl hydrogen sulphate, it was of interest to 
determine its stability to hydrolytic agents. (a) Stability to acids. 
The following are the velocity coefficients (& x 1000) which have 
been determined, using hydrochloric acid. The amount of decom- 
position was estimated volumetrically and the values of k found 
are those for a unimolecular reaction. 

Concentration of sulphatoethylaniline and hydrochloric acid, 
both N/5. 


Temperature 70°. Temp. of gently boiling solution. 


Time (mins.). 3 Time (mins.). k. 

120 0-148 125 2-013 

180 0-126 242 2-043 

240 0-112 365 2-122 

360 0-103 

(b) Stability to water alone. When heated alone in aqueous 

solution, sulphatoethylaniline was found to hydrolyse, but not so 
quickly as in the presence of hydrochloric acid, and very slowly 
below the boiling point of the solution. 


wt 
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Concentration of sulphatoethylaniline N/5. Temperature of 


gently boiling solution. 


365 
0-350 


215 
0-348 


185 
0-354 


Sdececesecccess 120 
Bh decsntvccessscoscccssvecssenes 0-371 0-381 


(c) Stability to alkalis. It was found that when a solution of the 
sodium salt of sulphatoethylaniline of N /5-concentration was heated 
at 70° with caustic soda, either of N/5- or 4N/5-concentration, 
practically no hydrolysis had occurred even after five hours. 

In a more drastic experiment, 2-271 grams of the sodium salt 
were heated in a dish with 3 molecules of caustic soda for an hour. 
Hydrolysis had occurred to the extent of 20-4 per cent. in the semi- 
solid mass which remained. 

Salts—In all properties these salts bear a close resemblance to 
those of ethyl hydrogen sulphate. 


Solubility (approx.). 


Grams per Water of 
100 c.c. of crystallisation 
Salt. Appearance. solution at 15°, (mols.). 


cca sigueecuicdee Colourless leaficts 
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N-o-Tolyl-8-aminoethyl Hydrogen Sulphate (‘‘ Sulphatoethyl-o- 
toluidine’), CgH,Me-NH-C,H,°O-SO,H.— This compound was 
obtained in somewhat lower yield by acting on hydroxyethyl-o- 
toluidine under the conditions described in (a) above. It resembles 
sulphatoethylaniline very closely and crystallises in the same form, 
m. p. 203° (Found: S = 13-78. C,H,,0,NS requires S = 13-86 
per cent.). 

N-Phenyl-N-ethyl-@-aminoethyl Hydrogen Sulphate (“‘ Sulphatoethyl- 
ethylaniline”’), CgH,;-NEt-C,H,-O-SO,H. — Hydroxyethylethylanil- 
ine (82-5 grams) was dissolved in 100 c.c. of tetrachloroethane 
and 58-0 grams of pure distilled chlorosulphonic acid were dropped 
in during fifteen minutes with ice cooling and rapid agitation. 
Hydrogen chloride was given off, and a clear, viscous oil resulted. 
In one experiment this oil was kept after dilution with alcohol when, 
after several days, beautiful, white crystals of the sulphato-com- 
pound were deposited, but in small yield. It was found that by 
warming the oily mixture the reaction was rapidly completed, the 
sulphato-compound separating in hard granules. These were 
collected, washed with alcohol, and dried. ‘The yield amounted to 
88 per cent. 

A sample crystallised from alcohol had m. p. 208° (Found: 
S= 13-02. C,9H,,0,NS requires S = 13-06 per cent.). 
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N-p-Nitrosophenyl-N-ethyl-B-aminoethyl Hydrogen Sulphate (“ p. 
Nitrososulphatoethylethylaniline ’’), NO-C,H,-NEt-C,H,-O-SO,H.— 
Twelve grams of sulphatoethylethylaniline were dissolved in 50 c.c, 
of N-caustic soda, with addition of 3-5 grams of solid sodium nitrite, 
Ten c.c. of concentrated hydrochloric acid were added slowly, the 
temperature being maintained at 0—5°. The nitroso-compound 
separated as a dark green precipitate which, when collected and 
dried, formed a dark green dust, decomposing at 170—180°. The 
yield amounted to 10-2 grams (Found: S = 11-37. C,9H,,0;N,8 
requires S = 11-68 per cent.). 

This substance can be readily reduced, best in alkaline solution, 
giving as-sulphatoethylethyl-p-phenylenediamine. 

Sulphatoethylethylaniline can also be produced from sulphuric 
acid and hydroxyethylethylaniline in the manner described for 
ethylsulphatoaniline. The solution so obtained can be used directly 
for the production of the above nitroso-derivative without isolation 
of the sulphato-compound. 

N-Phenyl-N-methyl-8-aminoethyl Hydrogen Sulphate (‘‘ Sulphato- 
ethylmethylaniline”), CgsH;-NMe-C,H,-O-‘SO,H.—When _hydroxy- 
ethylmethylaniline was acted upon by chlorosulphonic acid in tetra- 
chloroethane solution, a viscous, yellow oil separated. On separating 
the oil and stirring with alcohol, a portion crystallised. The crystals 
were collected and recrystallised from 100 c.c. of alcohol. The yield 
amounted to 32 per cent., the remainder being an oil believed to be 
the neutral ester. The crystalline sulphato-compound has m. p. 193° 
(Found : S = 13-86. C,H,,0,NS requires S = 13-82 per cent.). 

Sodium N-Phenyl-N-benzyl-8-aminoethyl Sulphate (Sodium Salt 
of “* Sulphatoethylbenzylaniline”’), CH,Ph-NPh-C,H,-0-SO,Na.— 
From the reaction product of hydroxyethylbenzylaniline and chloro- 
sulphonic acid only a minute amount of a solid melting at 230—231° 
was isolated. . 

When 7 grams of hydroxyethylbenzylaniline were heated for an 
hour at 95° with 13 grams of concentrated sulphuric acid and the 
mixture poured on ice, a viscous oil separated. This was dissolved 
in hot dilute caustic soda and, on cooling, shining crystals of the 
sodium salt separated in high yield. For analysis, this was recrys- 
tallised from hot water. The product was air-dried and found to 
contain two molecules of water of crystallisation. When heated 
at 100°, the salt sinters to a waxy mass (Found: in anhydrous 
salt, S = 9-90. C,;H,,0,NSNa requires S = 9-73 per cent.). 

On adding acid to a solution of this salt, a viscous solid was obtained 
which appeared to be the free acid. 

N-m-Nitrophenyl-B-aminoethyl Hydrogen Sulphate (‘‘ Sulphato- 
ethyl-m-nitroaniline”’), NO,.°C,H,NH-C,H,-O-SO;H.—On acting 
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on 18 grams of hydroxyethyl-m-nitroaniline (m. p. 41°, from ether), 
dissolved in 100 c.c. of tetrachloroethane, with 11-6 grams of chloro- 
sulphonic acid, a cream-coloured solid separated. It was collected, 
pressed, and crystallised from 150 c.c. of alcohol, 10 grams of stout, 
needle-shaped crystals being obtained which melted at 203° with 
decomposition (Found: S = 12-39. C,H, 0,N,S requires 8 = 
12-21 per cent.). 

The acid, which is of a pale cream colour, dissolves in alkalis to 
give a deep orange solution when concentrated, the salts crystallising 
readily in pale yellow crystals. The nitro-group can be reduced 
easily by warm alkaline hyposulphite to give as-sulphatoethyl-m- 
phenylenediamine. The acid also combines with one equivalent 
of m-nitroaniline to give a well-defined salt, stable in acid solution, 
melting at 206° and crystallising from alcohol in large, pale yellow 
lamine (Found: S=817. C,,H,0,N,S requires S = 7:99 
per cent.). 

N-p-Chlorophenyl-8-aminoethyl Hydrogen Sulphate (‘‘ Sulphato- 
dhyl- p-chloroaniline”’), CgH,Cl-NH-C,H,-O-SO,H. — Hydroxy- 
ethyl-p-chloroaniline (m. p. 77-5°, from alcohol) was acted on by an 
equivalent quantity of chlorosulphonic acid exactly as in the pre- 
ceeding case. The crude product formed a stiff, white, crystal mass. 
It was crystallised from 250 c.c. of alcohol, giving beautiful, white 
needles, m. p. 217° with decomposition (Found: S = 12-90. 
CsH,90,NCIS requires 8 = 12-7 per cent.). 

N-a«-Naphthyl-8-aminoethyl Hydrogen Sulphate (‘‘ Sulphatoethyl-«- 
naphthylamine ”’), C;gH,*NH-C,H,-O-SO,H.—18-7 Grams of hydroxy- 


.ethyl-«-naphthylamine were sulphated in 50 c.c. of tetrachloroethane 


with 11-6 grams of chlorosulphonic acid. The product separated at 
once and weighed, when dry, 21 grams. A sample was crystallised 
from alcohol, in which it is only very sparingly soluble, and the 
resulting crystals melted at 234° with decomposition (Found : 
S= 11-83. C,.H,,0,NS requires S = 11-99 per cent.). 


The author is indebted to the British Dyestuffs Corporation, 
Ltd., for permission to publish these results. He wishes also to 
record his thanks to the Director of Research, Professor A. G. Green, 
F.R.S., for his interest and guidance in the work and to Mr. F. W. 
Carpenter, of the research staff, for a supply of hydroxyethyl- 
methylaniline, hydroxyethylethylaniline, and hydroxyethylbenzyl- 
aniline. 
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CCCXXII.—The Conditions Underlying the Formation 
of Unsaturated and Cyclic Compounds from Halo- 
genated Open-chain Derivatives. Part V. Products 
derived from a-Halogenated B-Methylglutaric Acids, 


By CuRrisTOPHER KELK INGOLD. 


In Part I of this series (T., 1921, 119, 305), the suggestion was made 
that the angle between any two valencies of a carbon atom jis 
determined by the atomic volumes of the four groups attached. 
From this hypothesis it followed that the carbon valencies of an 
unstrained polymethylene chain are inclined, not at 109-5° as 
Baeyer’s theory requires, but 115-3°, and a means was thus found 
of accounting for the small tendency to the formation of cyclo. 
butane rings, the similar stability of cyclopentane and cyclohexane 
rings, and the marked effect of two alkyl groups attached to the 
same carbon atom in promoting the formation of three-, four., 
and five-membered homocyclic rings. It is proposed now to 
examine the effect of a single alkyl group on the ease of closure of 
these rings. 

Adopting the method of calculation previously employed, it is 
seen that a carbon atom attached to three carbon atoms and one 
hydrogen atom is to be represented by an irregular tetrahedron 
having three planes of symmetry : 


25 —> >c<h <— 26 


If V and v are the atomic volumes of carbon and hydrogen respec- 
tively, the three longer edges of the tetrahedron will enclose a face 
and be proportional to 2V+, whilst the three shorter edges will 
meet at a vertex and be proportional to V+ + v3. The angle, 26, 
between two carbon-to-carbon valencies, and the angle, 2¢, between 
a valency attaching carbon and one attaching hydrogen to the central 
carbon atom will then be given by the following pair of equations: 


Vi (cosec 6 — 3+/3 cot 26 — 1) + vt = (— 1 V8 4+ 2V ivi + cf)! 
and 2 sin @ = V3 sin 2¢ 


of which the solution for @ is 


v3 Vi — VV — Vi + 6(Vv)i + 3et + V/3vt 


/> f/f ) 
cosec 6 = 1 ++ b A. (>) 3 


2 — Vt — Bet 


This equation leads to the value 26 = 112-5°, that is, slightly 
more than the arithmetic mean between the values of the corres- 
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pnding angle in an unsubstituted and in a gem-substituted 
plymethyiene chain. 

The purpose of this paper is to institute an experimental com- 

ison between glutaric acid, 6-methylglutaric acid, and £§-di- 
methylglutaric acid with respect to the manner in which the ease 
of their transformation into cyclic structures by the interaction of 
substituents attached to the two acetic acid residues is conditioned 
by the angles represented in the following formule : 


m is CH,°CO,H CH,°CO,H CH,°CO,H 
shed. HS usr * CH, CHS 25 cH >c%} 109-5° 

of an CH,°CO,H CH,°CO,H CH,°CO,H 
° as (1) (II.) (IIT.) 


It has been shown in preceding parts of this series that one method 
of obtaining information regarding ease of ring formation from 
substituted glutaric acids consists in treating their «-bromo- 
derivatives with alkalis under carefully standardised conditions, 
when cyclopropane ring formation takes place in competition with 
hydroxylation. The latter process is a side reaction which appears 
suitable as a standard of reference in estimating ease of ring 
formation, for it occurs with about the same facility in all the 
bromoglutaric acids hitherto investigated, so far as can be judged 
from experiments conducted under a second set of standard 
conditions chosen in such a way that ring formation becomes 
inconsiderable and hydroxylation the principal reaction in all cases. 

The action of alkalis on the «-halogen derivatives of glutaric 
acid itself, under the two sets of standard conditions which have 
been used throughout this research, was described in Part I, and 
the general conclusion was drawn that whereas with dilute alkalis 


ace 
will § (conditions A, T., 1921, 419, 318) almost the whole of the material 
26, § undergoes the side reaction giving the hydroxy-acid (IV), along 


with a few units per cent. of the cyclopropane acid (V), when con- 
centrated alkalis are used (conditions B, ibid., p. 319) 47 per cent. 
of the cyclopropane acid is produced along with some hydroxy-acid 
and traces of glutaconie acid (VI). 


CH(OH):CO,H CH-CO.H CH,-CO,H 
CH, H< 
eo ‘CO,H om hn: CO,H SCH-CO, oH 
(IV.) (V.) (VI.) 


It quickly became clear, when the investigation was extended to 
8-methylglutaric acid, that derivatives of this substance exhibit 
a markedly increased tendency to yield derivatives of cyclopropane. 
8-Methylglutaric acid is readily monobrominated in the form of its 
acid chloride, and the product, on pouring into ethyl alcohol, gives 
the neutral ester (VII), unaccompanied by any appreciable amount 


yh 


ly 
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of acid ester (distinction from #£-dimethylglutaric acid). Dibrom. 
ination gives rise to a mixture of two esters, both of which, 
however, are a«’-compounds represented by formula (VIII). In 
this case also, only traces of acid esters are produced. 


CHBr-CO,Et CHBr-CO,Et 


_ (VIL) CHMe<CHy..CO,Et CHMe< CHBr-CO;Et (VIII) 


When ethyl «-bromo-8-methylglutarate was treated with dilute 
alkalis (conditions A) the main product was «-hydroxy-f-methyl- 
glutaric acid (IX), which was isolated in the form of its lactone in 
90 per cent. yield, along with a small amount (which could not be 
exactly estimated owing to the character of the separation) of the 
methyleyclopropane acid (X). On the other hand, when con. 
centrated alkalis were used (conditions B) only 10 per cent. of the 
hydroxy-acid was formed, the product consisting mainly of the ring 
acid (X), together with a moderate amount of the normal form of 
8-methylglutaconic acid (XI) : 


CH(OH)-CO,H H-CO,H ' CH,-CO,H 

M 2 CHM . CMe<v2 2 

CHMe<. CH,-CO,H ext H-CO,H e CH-CO,H 
(IX.) (X.) (XI.) 


In addition to these compounds, certain others were isolated, 
the production of which must be ascribed to consecutive rather 
than to simultaneous reactions. The principal one of these was 
methylparaconic acid (XIV), evidently formed through the fission 
of the cyclopropane ring of the acid (X) to give methylitamalic 
acid (XII), which passes into its lactone on acidification of the 
solution. A portion of the itamalic acid, however, evidently 
undergoes dehydration in another direction, for methylitaconic 
acid (XV) can be isolated in small amount. Another by-product 
was ethylmalic acid (XIII). This must be formed by fission of 
the ring-acid by the addition of water in reverse direction to that 
which obtains in the formation of methylitamalic acid. The 
reaction which leads to methylitamalic acid has a number of well- 
known analogies, as, for instance, the formation of terebic acid 
from caronic acid, but the other mode of fission, leading to ethyl- 
malic acid, is so far without parallel, either in the case of the cyclo- 
propane acid derived from glutaric acid, or in any of the ring acids 
derived from the @-dialkylglutaric acids which have been inves- 
tigated up to the present time in this laboratory ; it may be peculiar 
to the arrangement of tertiary carbon atoms present in the molecule 
of the ring acid (X), and in similarly constituted compounds derived 
from the 8-monoalkylglutaric acids. The relationship between the 
various fission products may be expressed as follows ; 
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O a 
| H,-CO,H | H,-CO 
7 CHMe(OH)-CH-CO,H ” CHMe-CH-CO,H 


a (XI) _ (XIV.) 
io, CH(OH)-CO,H i CH,:CO,H 


IT. 
, CH,Me-CH-CO,H CHMe:CH-CO,H 
; (XIII.) (XV.) 
ilute 
thyl- Turning to the quantitative aspect, it is to be noted that, as in 


certain instances previously described, it was not found possible to 
account for the whole of the material owing to difficulties attending 
complete separation, which were particularly great in the present 
case because the principal product and one of the by-products 
were liquid acids. The following figures, however, represent the 
result of the best experiment, and were obtained by employing 
considerable amounts of material. It may be added, with regard 
to the deficit of 19 per cent., that all the products, before weighing, 
were subjected to rigorous purification, during which small losses 
of material were practically unavoidable, so that when count is 
taken of the number and character of the processes involved it 
would seem improbable that any by-product of importance has 
been overlooked. 


TABLE I. 


Per cent. 


Vas 
ion Lactone of a-hydroxy-8-methylglutaric acid  .............seeeeeeeeeeees 8 
ali Normal 8-methylglutaconic acid  ...........cceeeeeeeeeeeeeeeeeeseeeeeeeees 9 
” cis- and trans-3-Methyleyclopropane-1 : 2-dicarboxylic acid ......... 53 
the Mothyimaracomic G08 .........00.0.sccsccccsscccsccscccccsccsececesccsssossees 5 
tly Methylitaconic acid * ...........cccccscecscecerecsecseccccccscscecosescecevess 3 
J REA SAS TOIT Kea Nici COR AAS 3 
nic sen 
ict Total identified = 81 
of * Part of this was isolated as methylcitraconic acid (ethylmaleic acid), 
at into which it was converted during the separation processes. 
me In order to render complete the comparison which forms the 
ll. , : ia . ‘ 
“4 subject of this communication, the action of concentrated alkali on 
r ethyl «-bromo-8@-dimethylglutarate was examined more carefully 
ed than heretofore. Eighty-eight per cent. of the material was 
accounted for as follows : 
s 
8- TABLE II. 
ur Per cent. 
le Lactone of a-hydroxy-88-dimethylglutaric acid .........+-..0+se+eseees 4 
rams-Caronic OCIA — .........ccecccccccccccccsccccccecccccssccoseccsesssccscoees 58 
d CU-COPOMEG BOR ces cccciccccsctccsccccccceceséocccasenccscscsoscssesesesocesoes 22 
e TOPOREC AOI ...0cccccccsccsccccscvvccsccsccsesocesooscceegececcesacccessesssesccs 4 


Total identified = 88 
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The small yield of the hydroxy-acid (XVI) and the large yield of 
the stereoisomeric ring-acids (XVII) are especially noticeable here, 
Terebic acid (XVIII) is the normal fission product of caronic acid, 
but its production in the presence of alkalis has not previously 
been observed. 


CH(OH)-CO,H —qy, <CH-CO,H_ ~—-CO-CH, 
CMes< ar -00,H CMes< O-CO.H (Me,*CH-CO,H 
(XVI.) (XVIL) (XVIIL.) 


In computing these results for the purpose of arriving at an 
estimate of the relative tendencies towards ring closure in the three 
series, we are entitled to count, in place of each fission product of 
a cyclopropane acid, an equivalent amount of the ring-acid from 
which it is derived. Dealing in this way with the data of Tables I 
and II and the table given in Part I (loc. cit.), we obtain the following 
result : 


TABLE ITI. 


Derivatives from 


Glutaric B-Methyl- 88-Dimethyl- 
acid glutaric acid glutaric acid 
Products. (per cent.). (per cent.). (per cent.). 
a-Hydroxyglutaric acids 16 8 4 
Glutaconic acids 3 9 0 
47 64 84 


66 8] 88 


The rather considerable yield of §-methylglutaconic acid is 
worthy of notice at this point. Ethyl «-bromo-f$-methylglutarate 
has previously been converted into #-methylglutaconic acid by heat- 
ing with diethylaniline, distilling, and hydrolysing the appropriate 
fraction of a somewhat complex product (Darbishire and Thorpe, 
T., 1905, 87, 1714). The greater yield of 8-methylglutaconic acid 
obtained in the present experiments, as compared with the yield of 
glutaconic acid derived from ethyl «-bromoglutarate, is evidently 
an indication of the lability of tertiary hydrogen as compared with 
secondary hydrogen in an otherwise similar situation; for the 
figures show that the tertiary @-hydrogen atom of ~-methylglutaric 
acid suffers elimination along with the «-bromine atom much more 
easily than the secondary @-hydrogen atom of glutaric acid despite 
the fact that two hydrogen atoms are available in the second case. 
The oxidation of @-isopropylglutaric acid (XIX) to terpenylic acid 
(XX) (Lawrence, T., 1899, '75, 531), and the chlorination of iso- 
amyl chloride to give, as principal product, the dichloride (X XI) 
(W. H. Perkin, J. Soc. Chem. Ind., 1912, 31, 621) are instances 
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P 
ld of § of two other types of reaction to which the tertiary hydrogen atom 
here, f appears to be peculiarly susceptible. 
acid, c ; -CH- , fi 
rasly | SS) CHMeyCH(CH,’COH), —> ve . COH (xx, 
CHE >CCICH, CHCl (XX1) 
.H Regarding the cyclopropane acids, it is evident that the formation 
. of glutaconic acids in two of the cases constitutes a side reaction 
; which is in no sense standard, and therefore must be viewed, when 
' 81 & considering the relation between hydroxylation and ring-formation, 
hree merely as a means whereby a certain quantity of material has been 
tof BF put out of action.” The following table shows the proportions 
rom # of hydroxylation products to ring-acids ealculated as percentages 
a" of the material identified as having passed into one or other of 
MS Ff these two forms : 
TaBe IV, 
Derivatives from 
Glutaric B-Methyl- g8-Dimethyl- 
acid. glutaric acid. glutaric acid. 

yl. ff Hydroxylation  .............ssse000 25 11 5 
id Ring-formation ...........sseseeeees 75 89 95 


100 100 100 


These figures show in a singularly clear manner the effect of intro- 
ducing one and then a second $-methyl group into derivatives of 
glutaric acid on the ease of their transformation into acids of the 
cyclopropane series. 

The comparative examination of the dibromination products of 
these acids has yielded interesting results. Glutaric acid gives a 
mixture of two stereoisomeric «a«’-dibromo-acids (XXII) (m. p. 
170° and 142°, respectively), the less fusible acid constituting about 
two-thirds of the mixture. These substances are converted by 
boiling dilute alkalis into the corresponding ««’-dihydroxyglutaric 
acids (XXIII), which, on heating, pass into monolactone acids 
(XXIV) : 


e at ~CHBr-CO,H 4, —CH(OH)CO.H 4, —CH(OH)—-CO 
CH. 2 CH. : CH, ‘ 

. CHBr-CO,H 2 CH(OH)-CO.H SCH(CO,H)-O 

e (XXIL) (XXIII) (XXIV.) 

p f meso-form GNa,00) meso-form cheat} trans-form ) 

| racemic form Ga,00) racemic form Cheat) cis-form J 


 8-Methylglutaric acid also gives a mixture of two stereoisomeric 
dibromo-acids (X XV) (m. p: 154 and 118°, respectively), the less 
fusible acid forming about two-thirds of the whole product. The 
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less fusible substance on treatment with sodium carbonate gives g 
dihydroxy-acid (X XVI), whilst the more fusible form passes into 
a mixture of isomeric dihydroxy-acids, one of which is the compound 
derived from the less fusible dibromo-acid. These substances 
exhibit in a striking way the increasing tendency towards y-lactone 
ring formation which one meets on passing from the glutaric acid 
series to the $-methylglutaric acid series and thence to the £6-di. 
methylglutaric acid series. The two ««’-dihydroxyglutaric acids 


mentioned above are moderately stable substances: one of them. 


passes into its lactone at the melting point (162°), and the other 
at temperatures above 100°. On the other hand, the ««’-dihydroxy. 
§-methylglutaric acids are exceedingly unstable; one of them, 
indeed, can be isolated, but it passes into its lactone (X XVII) on 
keeping at the ordinary temperature; the other dihydroxy-acid 
has not been isolated in the free state and all attempts to obtain 
it by regeneration from its salts have proved fruitless owing to 
the ease with which the free acid undergoes lactone formation : 


CHBrCO,H pyy,.-CH(OH)*CO.H cary 
CHM 2 N 2H CHM 
°S CHBr-CO.H was 1e< CH(OH)-CO,H CHM es OH (CO,H)O 
(XXV.) (X XVI.) (X XVII.) 
— a + A-form on keeping > A-form 
00? 


B-form 


{storm 


> [B-form] nae “a 


Na,CO, 
(cannot be isolated) 


(Non-committal prefixes are used in connexion with these isomerides, 
because it does not seem possible to assign definite configurations 
on the basis of the evidence brought forward in this paper.) 
The tendency to y-lactone formation is even greater in the gem- 
dimethyl series. Boiling water converts ««’-dibromo-$8-dimethyl- 
glutaric acid into its lactone (XXVIII), which on treatment with 
sodium carbonate gives, in place of the dihydroxy-acid, the extremely 
stable hydroxy-lactone (XXIX), isolated by Perkin and Thorpe 
(T., 1901, 79, 756) : 


CHBr—--CO at., -CH(OH)—CO 
=> 
CMe OH (C0,H 0 Gacoy O te CH(CO,H)-0 
(XXVIIL.) (XXIX.) 


The action of alkalis on the methyl and ethyl esters of ««’-di- 
bromo-$-methylglutaric acid follows an interesting course. In the 
first place, it must be noted that dilute sodium carbonate gives 
mainly hydroxylation products accompanied by about 12 per cent. 
of the bromocyclopropane acid (XXX), which, on continued 


<CH(OH)—C0 


it se 
cou 
on 

sing 
res] 
ring 
giv 
ring 


Sin 


uns 
the 
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DF 
‘ives a treatment with the same reagent, yields the hydroxy-ring acid 
S into M (XXX) : 
deny Br-CO,H OH)-CO,H (xxx 
ances ff OSX.) CHMe< fons > CHMe<((OH)-COH (xxx1) 
wi SGx-co,n @acos AMS Src0,H 
> acid H Thus the action of sodium carbonate on the dibromo-esters of 6- 
$8-di-  methylglutaric acid is closely similar to its action on corresponding 
acids @ jerivatives of glutaric acid. In the glutaric acid series, however, 
them.@ it was not found possible to produce the hydroxy-ring acid by the 
Other @ ytion of concentrated methyl alcoholic potassium hydroxide on 
rOxy- MH the dibromo-ester; the actual product of this decomposition con- 
hem, § sted to the extent of 70—75 per cent. of «-ketoglutaric acid, the 
[) on B formation of which was explained as follows : 
acid 
g to 2 CHBr-CO,Et aS H-CO,H 
L: (OH)-CO,H CO-CO,H 

cH,<f aH _.¢ . 
<i aS H-CO,H Ha<CH,-CO,H 


Since each stage of this series of changes can be carried out separately 
by suitably adjusting the conditions, there seems to be no room for 
doubt that the above scheme correctly represents the course of the 
process. As in the methylglutaric acid series, changes corresponding 
with the first two are known to occur in the presence of dilute 
alkali, and as the third change is precisely analogous to a reaction 
in the diethylglutaric acid series recently described by Deshapanda 
and Thorpe (this vol., p. 1430),* 


(OH)-CO,H _—CO-CO,H 
apie —> CECH -CO,H ’ 


itseems at first sight very singular that no trace of any ketonic acid 
could be found in the product of the action of concentrated alkalis 
on the dibromo-ester of methylglutaric acid. Apparently the 
single methyl group and the adjacent tertiary hydrogen atom are 
responsible for this change in the course of the reaction, the hydroxy- 
ring acid (XX XI) undergoing fission at the neighbouring bond to 
give a hydroxy-lactone (XXXII), which, along with a methoxy- 
ting acid (XX XIII), constitutes the major portion of the yield. 
@ ln addition, the product contained a few units per cent. of an 
unsaturated ring acid (XXXIV), which Feist first prepared by 
the action of alkalis on ethyl bromoisodehydracetate (Ber., 1893, 


CEt,.< 


* There is, to date, evidence of the occurrence of this type of change in 
two other series, namely, the 68-dimethylglutaric and the 8-methy1-8-ethyl- 
glutaric acid series. 
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26, 747), and a small amount of the hydroxylation products 
previously mentioned. 


0-CO-CH-OH (OMe) OOH AOH-CO,H 

| HM aH oy 

éume-du-con °2M*<Gy.co.# MeSH, -CO,H 
(XXXIL.) (XXXIIL) (XXXIV,) 


The constitution assigned to the unsaturated acid is not that 
which Feist originally gave to it, but it is that to which a detailed 
investigation of the substance (shortly to be published) has led. 
The formation of this substance is strictly analogous to the formation 
of 8-methylglutaconic acid from the monobromo-ester, and the 
fact that isolable quantities are produced although none of the 
corresponding cyclopropene acid (Farmer and Ingold, T., 1921, 
119, 2015) could be obtained from the dibromo-ester of glutaric 
acid is in complete harmony with what was written on p. 2680 
regarding the tendency to elimination of the tertiary hydrogen 
atom of $-methylglutaric acid. 

It remains to be added that the constitution of the hydroxy. 
lactone (XXXII) was proved by the formation of ethylmalic acid 
and ethylsuccinic acid on reduction : 


O—-CO- H-OH CH(OH)-CO,H _ . CH," CO,H 
—> —_ 
CHMe-CH-CO,H CH,Me-CH:CO,H CH,Me: ‘CH: CO, H’ 


EXPERIMENTAL. 


The $-methylglutaric acid required for these experiments was 
obtained by hydrolysing the condensation product of acetaldehyde 
with cyanoacetamide as described by Day and Thorpe (T., 1920, 
117, 1469). 


(A.)—Monohalogenation of 8-Methylglutaric Acid. 

A mixture of §-methylglutaric acid (400 grams) and _thiony! 
chloride (800 grams) was warmed until no more sulphur dioxide was 
generated. The product was kept at 50—55° while dry bromine 
(460 grams) was added in small portions to keep pace with the 
absorption. 

Methyl «-bromo-8-methylglutarate, CO.Me-CH Br-CHMe-CH,°CO.Me, 
was prepared by pouring the crude bromination product into methy! 
alcohol and collecting in ether after addition of water. Traces of 
acid products having been removed with aqueous sodium carbonate, 
the extract was washed with water, dried, and evaporated, the 
residual oil being carefully fractionated to remove small quantities 
of unbrominated and dibrominated esters. After five distillations, 
the monobromo-ester was obtained as an oil, b. p. 143—145°/12 mm. 
(Found: Br = 31:3. C,H,,0,Br requires Br = 31-6 per cent.). 
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Kihyl «-bromo-8-methylglutarate (VII) was prepared like the 
preceding ester, ethyl alcohol being used in place of methyl alcohol. 
It boiled at 160°/11 mm. (Found: Br = 28-8. Calc., Br = 28-5 
per. cent.). This ester has been described previously (Darbishire 
and Thorpe, loc. cit.). 

Methyl «-Iodo-8-methylglutarate, CO,Me-CHI-CHMe-CH,°CO,Me. 
—The methyl bromo-ester (above) was digested for two hours with 
an alcoholic suspension of an equivalent quantity of finely divided 
sodium iodide. The oily product which separated on pouring into 
water was collected in ether and purified by distillation. It boiled 
at 180°/12—13 mm. (Found: I = 42-2. C,H,,0,I requires 
|= 42-3 per cent.). 

Ethyl «-iodo - 8 - methylglutarate, CO,Et-CHI-CHMe-CH,°CO,Et, 
obtained from the ethyl bromo-ester by the action of sodium 
iodide as in the preceding case, boiled at 199—200°/10 mm. (Found : 
I= 38-3. C, 9H,,0,I requires I = 38-7 per cent.). 


(B.)—Dthalogenation of 8-Methylglutaric Acid. 


The dibromination was conducted like the monobromination 
except that twice the proportion of bromine was used and the whole 
operation conducted at 100°. The product was divided, part 
being poured into formic acid, part into methyl alcohol, and part 
into ethyl alcohol. 

ax’-Dibromo-B-methylglutaric Acid (XXV, A form).—The formic 
aid solution was boiled until the evolution of gaseous products 
ceased, and then cooled, when a considerable proportion of the 
4-dibromo-acid crystallised. The formic acid solution was evapor- 
ated and the solid residue drained from a trace of strongly coloured 
syrup. The crystals were then boiled with just enough benzene 
to cover them completely, cooled, shaken for a few moments, and 
the undissolved material collected on a filter and washed with 
benzene. The washed crystals, along with the crop obtained from 
the formic acid solution, were purified by crystallisation first from 
amixture of ethyl acetate and chloroform and then from a mixture 
of ethyl acetate and benzene. The A-dibromo-acid separates from 
these solvents in prisms, m. p. 153—154°, which appear very dense 
and strongly refracting. It is fairly soluble in cold ethyl acetate, 
cold formic acid, or hot chloroform, sparingly soluble in cold chloro- 
form or in hot benzene, almost insoluble in cold benzene, and very 
soluble in methyl or ethyl alcohol, acetone, or hot ethyl acetate. 
The yield of pure acid was about 55 per cent. of the theoretical 
(Found: Br = 52-3. C,H,O,Br, requires Br = 52-6 per cent.). 

ax’- Dibromo-8-methylglutaric acid (XXV, B form).—The benzene 
mother-liquors obtained in the above preparation deposited a 
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considerable quantity of the B-acid (which separates from solution 
much more slowly than the A-acid) on keeping for twenty-four 
hours, and a further amount was obtained by evaporation. The 
acid was purified by repeated crystallisation from benzene, from 
which it separated in microscopic needles, m. p. 116—118°. It is 
very soluble in most of the usual organic solvents, but is only 
sparingly soluble in cold benzene, and insoluble in ligroin (Found: 
Br = 52-5. C,H,O,Br, requires Br = 52-6 per cent.). 
Methyl a«’-Dibromo-8-methylglutarate, 
CO,Me-CHBr-CHMe-CHBr:CO,Me. 

—The preparation of this ester from the crude dibromination 
product with the aid of methyl alcohol was similar to that of the 
monobromo-ester. It boiled at 179—180°/20 mm., the yield being 
90 per cent. of the theoretical (Found: Br = 48-0. C,H,,0,Br, 
requires Br = 48-2 per cent.). 

Ethyl ««’-dibromo-8-methylglutarate (VIII), also obtained in 
90 per cent. yield by pouring the dibromination product into ethyl 
alcohol, boiled at 189—i90°/28—29 mm. (Found: Br = 44-4. 
C,9H,,0,Br, requires Br = 44-4 per cent.). 


(C.)—Action of Dilute Alkalis on Ethyl «-Bromo-8-methylglutarate : 
Formation of the Lactone of «-Hydroxy-8-methylglutaric Acid 


and trans-3-Methylcyclopropane-1 : 2-dicarboxylic Acid. 


Twenty-five grams of ethyl «-bromo-8-methylglutarate (section 
A) were boiled with 4-5 equivalents of 2N-aqueous sodium carbonate 
for twenty hours. The product was acidified with concentrated 
hydrochloric acid, and the solution extracted three times with an 
equal volume of ether. The aqueous layer was evaporated to 
dryness and the residue extracted with dry acetone. 

CH,°CO-0 
CHMe—CH-CO,H 
—The acetone extract yielded almost pure lactone on evaporation, 
whilst the ethereal solution gave a mixture of the lactone with 
trans - 3 - methylcyclopropane - 1 : 2- dicarboxylic acid, which was 
separated by the method described below. On distillation, the 
lactone was obtained as a colourless, rather viscous liquid, b. p. 
189—190°/45 mm. (Found: C=502; H=56. OC,H,0, 
requires C = 50-0; H = 5:5 per cent.). 

The ammonium salt separated from a small amount of methy! 
alcohol in rosettes of needles (Found: C= 44:2; H=7. 
C,H,,0,N requires C = 44:7; H=6-8 per cent.). The silver 
salt, prepared from the ammonium salt, separated in needles 
from aqueous solution (Found: Ag = 42-9. C,H,O,Ag requires 
Ag = 43-0 per cent.). 


Lactone of «-Hydroxy-8-methylglutaric Acid, 
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a-Hydroxy--methylglutaric Acid ([X).—This acid does not appear 
to be stable in the free state, but its salts are formed when the 
lactone is dissolved in excess of alkalis. Attempts to regenerate 
the acid led to the lactone. 

The barium salt, prepared by boiling the lactone with two equiva- 
lnts of barium hydroxide and evaporating the solution, forms 
leaflets which disintegrate on drying at 120° (Found: Ba = 46-0. 
(,H,0;Ba requires Ba = 46-2 per cent.). The silver salt was 
prepared from the barium salt (Found: Ag = 57-1. C,H,O;Ag, 
requires Ag = 57-5 per cent.). 

trans-3-Methyleyclopropane-1 : 2-dicarboxylic Acid (X).—The resi- 
due from the ether extract (above) was digested in a shaking 
machine for twenty-four hours with an excess of precipitated 
calcium carbonate. The filtered solution was evaporated to dryness 
and the calcium salt recrystallised from a concentrated aqueous 
solution of calcium chloride. The acid regenerated from the 
calcium salt agreed closely in its properties with the description 
given by Kétz and Stahlmann (J. pr. Chem., 1903, [ii], 68, 159), 
and its identity was further confirmed by converting it into the 
anhydride of methylcitraconic acid (ethylmaleic acid) by dry 
distillation (Found: C=500; H=5-7. Cale, C= 500; 
H = 5-5 per cent.). 

The calcium salt (above) forms small leaflets which were dried 
at 120° before analysis (Found: Ca = 22-0. C,H,0,Ca requires 
Ca = 22-0 per cent.). The silver salt was prepared from the calcium 
salt and dried at 120° (Found: Ag = 60-0. C,H,O,Ag, requires 
Ag = 60-3 per cent.). 

The anhydride of cis-3-methylcyclopropane-1 : 2-dicarboxylic acid, 
CHM eT ug was obtained by heating the trans-acid with 
an excess of acetic anhydride at 180° for six hours. The anhydride 
was isolated by distillation and thus obtained as a colourless oil, 
b. p. 270° (Found : C = 57:0; H = 4-9. C,H,O, requires C = 57:1; 
H = 4-8 per cent.). 

cis-3-Methylcyclopropane-1 : 2-dicarboxylic acid * (X).—This acid, 
which has been described previously by Preisweck (Ber., 1903, 36, 
1087), was obtained by boiling the anhydride with water and 

* Three isomeric 3-methyleyclopropane-1 : 2-dicarboxylic acids are theo- 
retically possible. A third acid, m. p. 132°, can be isolated in small amount 
from the “low” fraction obtained during the distillation of the anhydride 
(Found: C = 50°6; H= 5°5. C,H,O, requires C = 50°0; H = 5°5 per cent.). 
The trans-acid described by Kétz and Stahlmann as a liquid is actually a 
solid, m. p. 165°, which is very hygroscopic when slightly impure. Further 
experiments on this and other acids of the cyclopropane series have been 
undertaken by Mr. F. R. Goss, of this College. ° 
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evaporating. It melted at 108°, and agreed in properties with 
Preisweck’s description; its identity was further confirmed by 
converting it into methylitaconic acid by heating with water in a 
sealed tube (Found: C= 503; H=5-5. Cale, C= 50-0; 
H = 5°5 per cent.). 

The calcium salt crystallised from a concentrated aqueous solution 
in small leaflets which were dried at 120° (Found: Ca = 22-1, 
CgH,O,Ca requires Ca = 22-0 per cent.). The silver salt was 
obtained as a curdy precipitate by adding silver nitrate to a solution 
of the calcium salt (Found: Ag = 60-1. C,H,O,Ag, requires 
Ag = 60:3 per cent.). 


(D.)—Action of Concentrated Alkalis on Ethyl «-Bromo-8-methyl- 
glutarate: Formation of the Lactone of «-Hydroxy-8-methyl- 
glutaric Acid, 3-Methylcyclopropane-| : 2-dicarborylic Acid, 
B-Methylglutaconic Acid, Methylparaconic Acid, Methylitaconic 
Acid, and Ethylmalic Acid. 


The bromo-ester (211 grams) (section A) was heated to 100°, and 
poured into 1000 c.c. of boiling, pure 6N-methy]-alcoholic potassium 
hydroxide. The product was evaporated several times with water 
and again with hydrochloric acid, and the organic acids extracted 
from the dried residue with acetone. The residue from the acetone 
was shaken for twenty-four hours with an aqueous suspension of 
precipitated calcium carbonate, and the filtered solution evaporated 
to a small bulk, saturated with calcium chloride, and allowed to 
crystallise. The calcium salts were washed with saturated calcium 
chloride solution, and the combined filtrate and washings worked 
up for organic acids, which were converted into their ammonium 
salts, and thence into their silver salts. The latter were digested 
for sixteen hours with an alcoholic solution containing an excess 
of benzyl iodide, and the filtered solution was poured into. water 
and extracted with ether. 

a-Hydroxy-B-methylglutaric Acid (IX).—The residue from the 
ether was distilled up to a temperature of 249°/16 mm., and the 
distillate boiled with an excess of 2N-ethyl-alcoholic potassium 
hydroxide. The product was worked up for organic acids in the 
usual way, and the syrup so obtained boiled for a short time with 
an excess of p-toluidine. The product which separated on pouring 
the solution into dilute hydrochloric acid was crystallised from 
alcohol, and then boiled with 50 per cent. sulphuric acid until no 
crystals separated on cooling and diluting. The lactone of the 
hydroxy-acid was isolated by extracting the solution with a large 
quantity of ether (Found: C = 50:3; H = 5-6 per cent.). 
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i ‘ae CH(OH)-CO-NH-C,H, : ; 

The di-p-toluidide, CHMe< Cy -CO-NH-C,H, 77, obtained in 
the above process, separated from alcohol in leaflets, m. p. 235—236°, 
and was identified with a specimen prepared from the pure lactone 
(Found: C=705; H= 7-3. CygH,,0,N, requires C = 70-6; 
H = 7:1 per cent.). 

Methylitamalic Acid (XII).—When the more soluble di-p-toluid- 
ides, which were obtained in the course of the above separation, 
were hydrolysed with 50 per cent. sulphuric acid and the acids 
extracted with ether, a syrup was produced which yielded crystals 
on rubbing with benzene. These consisted of methylparaconic 
acid, which gave salts of methylitamalic acid on treatment with 
excess of alkalis. 

The barium salt (C,H,0,Ba,3H,O, Fittig, Annalen, 1889, 255, 18) 
was dried at 150° before analysis (Found: Ba = 45-9. Calc., 
Ba = 46-2 per cent.). 

Methylparaconic Acid (XIV).—The crystalline lactone on crystal- 
lisation from benzene melted at 78—79°, and agreed in its properties 
with Fittig’s description (loc. cit.) of methylparaconic acid. It was 
identified by analysis, and by its conversion into methylcitraconic 
acid (Found: C=500; H=5-°8. Cale, C=500; H=5°5 
per cent.). 

Methylitaconic Acid (XV).—The less volatile benzyl esters (above) 
were hydrolysed with 2N-ethyl alcoholic potassium hydroxide, and 
the recovered acids were decolorised with charcoal and boiled with 
chloroform, which caused crystals of methylitaconic acid to 
separate. After crystallisation from water, the acid melted at 
166° and had the properties ascribed to it by Fittig (loc. cit.) (Found : 
C=49:7; H=5-7. Cale, C= 50-0; H=5-5 per cent.). It 
was further identified by conversion into methylcitraconic acid. 

Ethylmalic Acid (X1I1).—This acid, which remained dissolved in 
the boiling chloroform, partly separated on cooling, and a further 
quantity was obtained by fractionally crystallising the product 
contained in the mother-liquor. After a final crystallisation from 
a mixture of ether and chloroform, the acid melted at 108—109°, 
and closely corresponded with the description given by Liitz (Ber., 
1902, 35, 4372) (Found: C= 444; H=6-1. Cale., C = 44-4; 
H = 6-2 per cent.). 

cis-3-Methylcyclopropane-1 : 2-dicarboxylic Acid (X).—The more 
soluble acid, which was separated from ethylmalic acid with the 
aid of chloroform (a further quantity was obtained from the ultimate 
residues by rubbing with benzene), proved to be the cis-ring acid, 
and was identified by analysis, and by a mixed-melting-point 
determination with the specimen prepared (section C) from the 
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trans-isomeride (Found: C = 49-9; H= 5-5. Cale., C = 5-00. 
H = 5-5 per cent.). 

trans - 3 - Methyleyclopropane-1 : 2-dicarboxylic Acid (X).—The 
acids regenerated from the less soluble calcium salts were boiled 
with six times their weight of acetyl chloride, and the product, 
after evaporation of the acetyl chloride, distilled up to 150°/10 mm, 
in a current of dry air. The less volatile portion was cooled, mixed 
with benzene, and treated with a small amount of aniline. After 
twenty-four hours, the solution was filtered and the acids therein 
isolated. Final purification was effected through the calcium salt 
as described in section C (Found: C = 500; H= 5-7. Cale, 
C = 50-0; H = 5-5 per cent.). 

Normal @-Methylglutaconic Acid (X1).—The volatile anhydrides 
were shaken for a few seconds with cold dilute sodium carbonate, 
and the acids regenerated from the aqueous layer. The acid so 
obtained, which was purified by crystallisation from concentrated 
hydrochloric acid, was identified, by its melting point, 149°, by 
analysis (Found: C = 50:3; H=5-7. Cale.,C = 500; H=55 
per cent.), and by direct comparison with a genuine specimen, as 
the less fusible form of 8-methylglutaconic acid. 

The anilic acid, CO,H*CH,*CMe:CH-CO-NHPh, obtained during 
the purification of the ‘rans-ring acid, was purified by crystallisation 
from a mixture of benzene and acetone. Its identity was confirmed 
by the melting point (143°), by analysis (Found: C = 65:7; 
H=5-9. Cale., C = 65-8; H = 5-9 per cent.), and by a mixed- 
melting-point determination with an authentic specimen. 

cis-Methyleitraconic Acid, CO,H-CEt:;CH-CO,Et.—The oily an- 
hydrides were boiled with water for a short time and the solution was 
distilled in a current of steam. The distillate was rendered alkaline 
with sodium carbonate and evaporated to dryness. The residue 
was dissolved in a small amount of hydrochloric acid and extracted 
with ether, and the acid thus obtained crystallised from water, 
from which it separated in dense prisms, m. p. 1O0O—101° (decomp.), 
having all the properties of methylcitraconic acid. It was identified 
by analysis (Found: C=500; H=35-l. Cale., C= 500; 
H = 5-5 per cent.), by its characteristic calcium and barium salts, 
which are more soluble in cold water than hot, and by conversion 
into methylitaconic acid by heating with water in a sealed tube. 

The acids which remained in the distilling flask consisted largely 
of cis-3-methyleyclopropane-| : 2-dicarboxylic acid, which does not 
appear to undergo anhydride formation below 100°. 
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(E.)\—Action of Dilute Alkalis on the «a’-Dibromo-}-methylglutaric 
Acids and their Esters: Formation of meso- and racemic a«’- 
Dihydroxy-@-methylglutaric Acids, their Lactonic Acids, and 
1-Bromo- and 1-Hydroxy-3-methylcyclopropane-1 : 2-dicarboxylic 
Acids. 

(a) Hydrolysis of the A-Dibromo-acid.—Twenty-one grams of the 
4-acid (section B) were boiled with 200 c.c. of 2N-aqueous sodium 
carbonate for one and a half hours, and the solution was acidified 
with hydrochloric acid and evaporated to dryness. The residue 
was extracted with acetone, and the exhausted solid material 
re-evaporated with hydrochloric acid and again extracted. The 
residue from the acetone (10 grams) completely solidified after a 
few days. 

Lactone of A-a«’-Dihydroxy-B-methylglutaric Acid, 

CH(CO,H) 0 
CHMe-CH(OH)-CO° 
—The preceding solid melted at 128—134° without purification, 
and therefore consisted almost solely of the A-lactone, which 
separated from a large volume of dry ether in short, stout, rhombic 
prisms with nearly square ends, m. p. 136—136-5°. It is readily 
soluble in acetone, methyl or ethyl alcohol, and in water, sparingly 
soluble in ether, and almost insoluble in benzene or chloroform 

(Found: C= 446; H=5:3. C,H,O; requires C = 45-0; 

H= 5-0 per cent.). The same lactone was also obtained from 

the B-bromo-acid (below). 

A-aa’-Dihydroxy - 8 - methylglutaric Acid (XXVI.)— When an 
aqueous solution of the above lactone was allowed to evaporate 
at the ordinary temperature, a residue was obtained which consisted 
of the dihydroxy-acid (Found: C= 40-7; H=5-6. C,H,,0, 
requires C = 40-5; H = 5-6 per cent.). The acid crystallises in 
plates which melt at 80°, giving the lactone, to which the acid 
slowly reverts on keeping at the ordinary temperature. 

The barium salt, which was obtained by evaporating a solution of 
the acid or its lactone in two equivalents of barium hydroxide, 
crystallised in leaflets. It was dried at 150° (Found: Ba = 44-0. 
(,H,O,Ba requires Ba = 44-0 per cent.). The silver salt was 
precipitated from a solution of the barium salt (Found : Ag = 54-7. 
C,H,O,Ag, requires Ag = 55-1 per cent.). 

The di-p-toluidide, CHMe[CH(OH)-CO-NH-C,H,],, was prepared 
by boiling the lactone with an excess of p-toluidine for a few 
seconds. The p-toluidide crystallised on cooling and was purified 
by trituration with dilute hydrochloric acid, and crystallisation 
from a mixture of alcohol and acetone. It separated in needles, 
which melted at 207° and were only sparingly soluble in hot ethyl 
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alcohol (distinction from the B-toluidide) (Found: C = 673. 
H=6-8. C, H,,0,N, requires C = 67-4; H = 6-7 per cent.). 

(b) Hydrolysis of the B-Dibromo-acid.—This acid was hydrolysed 
like the A-acid, and the product isolated in the same way. It 
solidified after a year, and was then fractionally crystallised from 
dry ether, by which means a considerable quantity of the A-lactone 
(m. p. 136°) was readily isolated. 

Lactone of B-x«’-Dihydroxy--methylglutaric Acid, 

H(CO,H)-——9 
CHMe-CH(OH):CO° 
—tThis is more soluble in ether than the A-lactone, and was obtained 
in a pure condition only after many crystallisations. It separates 
from ether in minute granules, m. p. 117—118° (Found : C = 4-50; 
H = 5-2. C,H,O, requires C = 45-0; H = 5-0 per cent.). 

B-aa’-Dihydroxy-8-methylglutaric Acid (XXVI).—This substance 
appears to be stable only in the form of its salts, and all attempts 
to prepare it in the free state, either by regeneration from its salts 
or from the lactone, proved fruitless. 

The barium salt, prepared from the lactone and two equivalents 
of barium hydroxide, forms minute rosettes of needles. The salt 
was dried at 150° before analysis (Found: Ba = 43-6. C,H,O,Ba 
requires Ba = 44-0 per cent.). The silver salt, prepared from the 
barium salt, forms microscopic needles (Found: Ag = 544. 
C,H,O,Ag, requires Ag = 55-1 per cent.). 

The di-p-toluidide, CHMe[CH(OH)-NH-C,H.],, was prepared 
from the lactone and p-toluidine, and was purified by crystallisation 
from alcohol, in which it is readily soluble (distinction from the 
A-toluidide). It forms long needles, m. p. 187° (Found : C = 67:1; 
H = 6-6. C.gH,,0,N, requires C = 67-4; H = 6-7 per cent.). 

(c) Hydrolysis of the Methyl and Ethyl Dibromo-esters.—One 
decigram-molecule of either ester was boiled with 250 c.c. of a 
2N-solution of sodium carbonate for twenty hours and the solution 
acidified with 50 c.c. of concentrated hydrochloric acid and extracted 
with 3 litres of ether. The aqueous residue was then evaporated 
to dryness and extracted with acetone. 

A- and B-aa’-Dihydroxy-8-methylglutaric Acids (XXVI).—The 
residue from the acetone evidently consisted almost entirely of 
these dihydroxy-acids or their lactones, as on boiling with excess 
of p-toluidine it gave twice its weight of a mixture of two p-toluidides, 
which were readily separated by crystallisation from alcohol, and 
identified as the A- and B-toluidides described above. 

1-Bromo-3-methylcyclopropane-1 : 2-dicarborylic Acid (XXX).— 
The ethereal extract yielded on evaporation a crystalline residue 
which melted at 180—190°, and, after two crystallisations from 
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chloroform containing a trace of ether, at 190—191°. The acid, 
which is microcrystalline, is stable towards alkaline permanganate, 
and the presence of halogen could not be detected by heating in 
an open tube with nitric acid and silver nitrate (Found : C = 32:3; 
H=3-6; Br= 35-3. C,H,0,Br requires C = 32:3; H = 3-2; 
Br = 35-9 per cent.). The estimation of bromine in the acid is 
difficult on account of its great stability; the result quoted was 
obtained after heating with fuming nitric acid and silver nitrate 
at 330—350° for twenty-four hours (compare T., 1921, 119, 325). 

The silver salt also is remarkably stable and can be boiled with 
water for hours without darkening. The silver was therefore 
estimated by precipitation with hydrochloric acid (Found: Ag = 
49:3. C,H,0,BrAg, requires Ag = 49-4 per cent.). 

3-Methylcyclopropan-1-ol-1 : 2-dicarboxylic Acid (XXXI1).—This 
acid was prepared from the bromo-acid by boiling for a month 
with a 2N-solution of sodium carbonate, and was isolated by 
extraction with acetone after evaporating the acidified solution to 
dryness. The solid product was boiled with dry ether and the 
insoluble portion crystallised several times from a mixture of 
acetone and benzene. The acid separated in minute needles, 
m. p. 167—169°; it appears to be stable towards boiling hydrochloric 
acid, boiling dilute alkalis, and cold alkaline permanganate (Found : 
C=452; H=53. C,H,O, requires C= 450; H=5-0 per 
cent. For the silver salt: Found: Ag = 57-4. C,H,O;Ag, 
requires Ag = 57-7 per cent.). 


(F).—Action of Concentrated Alkali on Ethyl ««’-Dibromo-b-methyl- 
glutarate: Formation of A- and B-aa«’-Dihydroxy-8-methyl- 
glutaric Acids, their Lactonic Acids, the Lactone of Butane-cy- 
diol-«8-dicarboxylic Acid, 1-Methoxy-3-methylcyclopropane-| : 2- 
dicarboxylic Acid, and Methylcyclopropenedicarborylic Acid. 

The dibromo-ester (360 grams) was heated at 100°, and poured 
into 1800 c.c. of 6N-methyl-alcoholic potassium hydroxide, the 
experimental conditions being similar to those employed in the case 
of dibromoglutaric ester. On extracting the acid products, two 
syrups were obtained, one readily soluble in dry ether (147 grams), 
and the other sparingly soluble in ether but easily soluble in acetone 
(5 grams). 

A- and B-a«’-Dihydroxy-®-methylglutaric Acids (XXVI).—The 
syrup insoluble in dry ether consisted principally of a mixture of 
the lactonic acids of these two hydroxy-acids. They were separated 
in the form of their p-toluidides as described in section (E). 

Methyleyclopropenedicarboxylic Acid (XXIV).—The syrup which 


was soluble in ether was esterified with ethyl alcohol and sulphuric 
4 y* 
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acid, and the esters were isolated in the usual way, the acid products 
being separated from the neutral and re-esterified. ‘The combined 
neutral esters were then subjected to a careful fractionation under 
diminished pressure with the aid of a short column of beads. The 
pressure was maintained accurately at 35 mm. during the distillation 
by means of a hand-controlled regulator consisting of a pipe-clay tube 
different lengths of which can be exposed above mercury. After 
seven distillations it became evident that no further advantage was 
to be gained by continuing the process, the material having been 
fairly completely resolved into three nearly constant-boiling liquids, 
and a small quantity of comparatively non-volatile material, the 
investigation of which was abandoned. The most volatile fraction, 
b. p. 130—135°, and the middle fraction, b. p. 141—143°, on 
hydrolysis with hydrochloric acid both gave a mixture of crystalline 
acids which were separated by crystallisation from water and from 
a mixture of chloroform and benzene. The cyclopropene acid was 
identified by its melting point (200°), by analysis (Found : C = 50-5; 
H=4-4. Cale., C= 50-7; H=4-2 per cent.), and by direct 
comparison with an authentic specimen. 

1-Methoxy-3-methylcyclopropane-1| : 2-dicarboxylic Acid (X XXIII). 
—This acid, which was separated from the unsaturated acid in the 
way mentioned, crystallises from a mixture of chloroform and 
benzene in needles, m. p. 102—104°. It is very soluble in chloro- 
form, methyl or ethyl alcohol, ethyl acetate, or acetone, and spar- 
ingly soluble in ether or benzene. It does not decolorise cold alkaline 
permanganate (Found: C= 48-2; H=6-1. C,H,,0; requires 
C = 48-3; H = 5:8 per cent.). 

Butane-ay-diol-«8-dicarboxylic Acid (Monolacione, XX XII).—The 
lactone of this acid was obtained by acid hydrolysis of the fraction 
of b. p. 168—171°, but it could not be induced to solidify and was 
therefore purified by crystallisation of the calcium and barium salts 
of the dihydroxy-acid. The free dihydroxy-acid does not appear 
to be capable of existence, and attempts to prepare it from the 
salts proved fruitless. 

The calcium salt was prepared by digesting a solution of the 
barium salt with precipitated calcium sulphate, and evaporating 
the filtered solution. The salt took a considerable time to solidify, 
but the drained material crystallised well from concentrated 
aqueous solution on addition of acetone (Found: Ca = 18:5. 
C,H,O,Ca requires Ca = 18-5 per cent.). The barium salt, prepared 
from the lactone and barium hydroxide, was obtained as minute 
needles (Found: Ba = 44:1. C,H,O,Ba requires Ba = 44-0 per 
cent.). 

The ethyl ester is a colourless liquid, b. p. 168—171°/35 mm. 
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(Found: C=51:1; H=7-9. CygH 0, requires C = 51°3; 
H = 7-7 per cent.). 

The lactonic acid, prepared by decomposing the calcium or 
barium salt; with mineral acids, was obtained as a viscous gum 
which showed no tendency to crystallise (Found: C = 45-2; 
H=49. C,H,O,; requires C= 45:0; H=5-0 per cent.). Its 
acetyl and benzoyl derivatives were also gummy, but the com- 

ition of the substance and of the silver, calcium, and barium 
salts described in this section, taken in conjunction with the 
reduction products mentioned below, appears to leave no room for 
doubt as to its constitution. 

The silver salt was prepared from a concentrated neutral solution 
of the ammonium salt, and was recrystallised from hot water 
(Found: C= 266; H=2-8; Ag = 40-2. C,H,O;Ag requires 
(=270; H=2-6; Ag = 40-4 per cent.). 

Reduction of Butan-xy-diol-«B-dicarboxylic Acid to Ethylmalic 
Acid and Ethylsuccinic Acid.—The lactonic acid was boiled for 
twenty-four hours with an excess of distilled hydriodic acid and the 
product extracted with ether. The syrupy residue partly solidified 
on keeping for several months in an evacuated desiccator over 
potassium hydroxide, and was then drained as completely as 
possible on porous porcelain. The crystalline material melted over 
a large interval of temperature, and was easily separated by tritura- 
tion with a little cold water into two main fractions. The less 
soluble acid, after purification, melted at 98° and was identified 
as ethylsuccinic acid (Found: C= 49-2; H=7-1. Cale, C= 
49-3; H = 6-9 per cent.), whilst the more soluble proved to be 
ethylmalic acid, and was identified as such by direct comparison 
and by a mixed-melting-point determination with the product 
previously obtained (section D). 


I desire to thank the Chemical Socicty for a grant with the 
aid of which the expense incurred in this research has been 
met. 
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CCCXXIII.—1 : 3:4: 6-Tetramethyl Fructose. 
By James CoLtquuoun IRvINE and JoceLyN PaTTERsoON. 


It is now well known that the ketose constituent of sucrose and 
of inulin is entirely different from the characteristic levorotatory 
sugar known as d-fructose. On the other hand, the best-defined 
artificial derivatives of fructose are related to the ordinary variety 
of the sugar and do not possess the same structural unit as the 
natural fructosides. For example, it has been shown that 
8-methylfructoside (Steele, T., 1918, 103, 257), fructosediacetone 
and fructosemonoacetone (Irvine and Patterson, this vol., p. 2146) 
have no relationship with y-fructose, as they are each convertible 
into the levorotatory crystalline form of tetramethyl fructose. 

Two isomeric tetramethyl fructoses are known and _ these 
substances function as reference compounds which serve to 
identify the particular type to which a fructose derivative belongs. 
For some time it has been felt necessary to have fuller inform. 
ation regarding the properties and structures of the isomeric tetra- 
methyl fructoses, as otherwise it is difficult, particularly in the 
y-series, to formulate derivatives satisfactorily. We have accord- 
ingly extended the earlier investigation of crystalline tetramethyl 
fructose and compared the chief properties of the compound with 
those of the y-isomeride prepared from inulin. 

Considering the objects in view, it was necessary to commence 
the preparation of the sugar from a crystalline derivative of fructose 
which is known to belong to the stable series. For this purpose, 
tetra-acetyl fructose was selected and, although the conversion of 
the compound into the corresponding tetramethyl derivative is 
laborious, the result was satisfactory. In the experimental part, an 
account is given of the isolation of the sugar and of its conversion 
into the pure «-form, the corrected physical constants for which 
are quoted. These agree closely with the values found by Purdie 
and Paul (T., 1907, 91, 289), but it may be mentioned that with 
the larger quantity of material at our disposal we succeeded in 
separating a second variety of tetramethyl fructose which crystal- 
lised in slender needles showing no mutarotation. 

In comparison with tetramethyl y-fructose, the normal crystalline 
isomeride melting at 98—99° may be described as stable. This is 
shown in many reactions as, for example, the condensation with 
methyl alcohol to give the corresponding fructosides. Under parallel 
conditions, the two sugars reacted with the solvent at widely 
different speeds, tetramethyl y-fructose requiring only twenty-four 
hours for complete condensation, whereas with levorotatory tetra- 
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methyl fructose the same reaction occupied about seventy days. 
In a similar manner, it has been shown that tetramethyl y-methyl- 
fructoside was much more readily hydrolysed than the levorotatory 
jsomeride. This pronounced difference in reactivity is also em- 
phasised when the rate of hydrolysis of #-methylfructoside is com- 
pared with that of y-methylfructoside (Menzies, this vol., p. 2238). 

The reactions just referred to, although useful in discriminating 
between the different types of fructose derivatives, give no clear 
indication as to structural distinctions. Information on this point 
was, however, obtained by studying the behaviour of the sugars 
towards oxidising media. Neutral potassium permanganate had 
practically no effect on crystalline tetramethyl fructose, but reacted 
readily with the y-isomeride. It is, however, probable that this 
action is due to the presence of traces of impurity and is not a 
characteristic of y-sugars, as reduction of the reagent practically 
ceased when less than one atomic proportion of oxygen was 
utilised, and the sugar recovered after this treatment had no effect 
on the reagent. The application of alkaline permanganate as an 
oxidising reagent was complicated by the fact that both varieties 
of tetramethyl fructose react with alkali. In the case of tetra- 
methyl y-fructose, the action was extremely rapid and when the 
sugar was dissolved in V’/10-sodium hydroxide the activity quickly 
altered from dextro to levo. In the parallel case of the stable 
isomeride, solution in alkali gave a pronounced exaltation in the 
levorotation, but the value diminished irregularly in the course of 
several days. 

The action of alkaline permanganate appears to involve enolis- 
ation and rupture of the ketose molecules between the second and 
third carbon atoms of the chain, with the result that only one 
definite product was isolated. This proved to be the potassium 
salt of a dimethoxyhydroxybutyric acid. The use of dilute nitric 
acid as the oxidising medium proved to be more satisfactory. The 
reagent has already been applied to tetramethyl y-fructose and, 
in the case of the crystalline isomeride, gave a dimethoxyhydroxy- 
glutaric acid as the essential product. This was isolated in the 
form of the corresponding diethyl ester, and the bearing of the 
combined results on the constitution of the sugars concerned is 
given in the discussion which follows. 


Discussion of Results. 

Five formule differing in the position of the internal oxygen ring 
may be assigned to a reducing tetramethyl fructose, and the linkage 
may be determined if the four methoxyl groups can be allocated. 
These formule are : 
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- » »p/0H, 
-  %\bon 
i 4 (H-OMe ) 0 CH-OMe 
. . CH-OMe SH-OMe CH 
. . CH-OMe 1H-OMe CH-OMe 
. CH,-OMe CH,-OMe CH,-OMe 
(I.) (II.) (IIT.) 
CH,-OMe 
(-OH 
PA CH-OMe 
OK CH-OMe 
CH:-OMe 
Nn, 
(v.) 


In the particular case under consideration, no methyl group can 
be present in the 2-position and one of the methyl groups must 
occupy position 6 as the sugar has been prepared from 6-monomethy! 
fructose. Formula V can thus be deleted. 

Further, the production of a dimethoxyhydroxybutyric acid by 
the action of alkaline permanganate indicates that this reagent 


effects rupture of the ketose between positions 2 and 3. This 
result eliminates formula I and shows that one of the methyl 
groups removed in the oxidation must be attached to position 1. 
Having allocated two of the methyl groups, it is evident that the 
remaining two may occupy any pair of the positions 3, 4, and 5. 
In deciding between formule IT, III, and IV, the crucial reaction 
is the formation of dimethoxyhydroxyglutaric acid by the agency 
of nitric acid. This oxidation involves the conversion of the 
CH,*OMe group in the 6 position into CO,H, and experience gained 
in carrying out the same oxidation process on different types of 
alkylated sugars has shown that a dibasic acid is not readily formed 
when the group *CH(OMe)-CH,°OMe terminates the sugar chain. 
The formation of a dibasic acid in the present instance is thus 
unfavourable’ to formule II and III. We therefore select 
formula IV for crystalline tetramethyl fructose, leaving IT or II 
to represent tetramethyl y-fructose. 

In discussing the alternatives for the y-form the evidence avail- 
able is somewhat inconsistent, but, so far as chemical reactions are 
concerned, is more favourable to C than to B. The action of nitric 
acid on the sugar has already been shown to give trimethoxy- 
hydroxyvaleric acid (Haworth, T., 1920, 117, 199), a result which 
is consistent with either of the alternative formule. Moreover, the 


a | CS a -. eS 


1:3:4:6-TETRAMETHYL FRUCTOSE. 2699 


structure of y-fructose derivatives must accommodate the inability 
of the parent sugar to react with acid acetone and here again both 
formule are equally suitable. 


levo-Tetramethyl dextro-Tetramethyl 
fructose. y-fructose. 
CH,-OMe CH,-OMe 
6 ~ OH C-OH 
—C-H MeO-C-H 
H-C-OMe H-6——— 
H-C-OMe H-C-OMe 
CH,-OMe CH,*OMe 
(B.) or (C.) 


Y 


In the course of our researches on inulin, we have been engaged 
in studying the effect of various oxidising media on the methylated 
y-fructoses' and find that tetramethyl y-fructose is acted upon by 
alkaline potassium permanganate to give a dimethoxybutyro- 
lactone. This reaction, viewed by itself, appears to be diagnostic 
and favours formula C, which is also in agreement with the structure 
assigned by Béeseken to the fructose unit in sucrose (Rec. trav, 
chim., 1921, 40, 354). Other factors have, however, to be taken 
into account. For example, the reversal of the sign of rotation 


encountered in passing from a normal fructose derivative to the 
y-type or vice versa cannot be ignored in a formula. This factor 
is best accounted for by formula B, where configuration demands 
that the oxygen ring is formed on the opposite side of the carbon 
chain. In the meantime, no definite decision between these formule 
appears to be warranted, but we are continuing the study of the 
subject by examining the reactions of trimethyl y-fructose, 


EXPERIMENTAL 
Preparation of Tetramethyl Fructose. 


It was found that by far the most convenient starting material 
for preparing crystalline tetramethyl fructose in quantity is the 
8-methylfructoside isolated by Hudson (J. Amer. Chem. Soc., 1916, 
38, 1216). The fructoside was fully methylated as described by 
Steele (loc. cit.) and the tetramethyl methylfructoside thus obtained 
was then hydrolysed, giving good yields of the alkylated ketose. 
Full experimental details need not be given, as the operations 
involved are well standardised, but the following observations 
indicate various modifications which were introduced with advantage. 

Stage I. Preparation of Tetra-acetyl Fructose.—The initial period 
of the acetylation of fructose is a critical stage. Unless the tem- 
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perature is kept low at the beginning of the reaction, the fructose 
dissolves rapidly and the main product is the syrupy triacety| 
derivative identified by Steele. This diversion of the reaction was 
largely avoided if, during the first fifteen minutes, stirring was 
done very slowly. The reaction was thus kept under control and 
rise of temperature was avoided. 

Stage II. Tetra-acetyl B-Methylfructoside—The amount of silver 
oxide necessary for this reaction is considerably less than that 
recommended by Hudson. Thus, in one typical experiment, 
30 grams of powdered tetra-acetyl fructose were methylated in the 
presence of 270 grams of methyl iodide by the addition of only 
40 grams of silver oxide. Part of the acetyl compound was un. 
dissolved at the beginning of the reaction, but gradually passed 
into solution as methylation proceeded. The product crystallised 
at once on nucleation, and the yield was practically quantitative. 

Stage III. Deacetylation of Tetra-acetyl 8-Methylfructoside.—The 
removal of the acetyl groups by the use of barium hydroxide is 
tedious in large-scale working as, in order to avoid hydrolysis of 
the fructosidic methyl group, the barium sulphate has to be pre- 
cipitated and filtered in the cold. In subsequent preparations, 
Fischer’s method for removing acetyl groups was substituted with 
advantage. A typical example is described. 

26-5 Grams of tetra-acetyl methylfructoside were dissolved in 
800 c.c. of dry methyl alcohol, and dry ammonia was passed to 
saturation at 0°. After standing over-night, the solvent and the 
ammonia were removed under diminished pressure and the dry 
syrupy residue was extracted with cold acetone to remove acet- 
amide. The residue was dissolved in absolute alcohol, and the 
solution evaporated to a small bulk. On nucleation, crystals of 
methylfructoside separated. These were filtered, washed with cold 
acetone, dried, and recrystallised from hot absolute alcohol. Yield 
70 per cent. 

Stage IV. Methylation of 8-Methylfructoside—Three successive 
methylations were given, in the first of which a small quantity 
of methyl alcohol was used as an extraneous solvent. In the 
subsequent alkylations the material was fully soluble in methyl 
iodide. The final product, isolated in the usual manner, boiled at 
105—107°/0-35 mm. Yield 88 per cent. 

Stage V. Hydrolysis of Tetramethyl 8-Methylfructoside——The 
final reaction was conducted without any departure from the 
customary practice and no difficulty was experienced in obtaining 
the sugar crystalline. Yield—practically quantitative. 
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Properties of 1:3:4:6-Tetramethyl Fructose. 


After six successive crystallisations from low-boiling petroleum 
the physical constants showed no further variation and the pure 
aform of the sugar was obtained. Crystalline form: square 
plates; m. p. 98—99°. The accumulated mother-liquors slowly 
deposited a more soluble variety in elongated, pointed prisms melt- 
ing at 92°. This may represent the 8-isomeride, but no definite 
upward mutarotation in the levo sense was detected and an alcoholic 
solution showed at once the constant value [«], —85-7°. 


Mutarotation of the «-Form. 
Solvent. x Initial [a]. Permanent [a]. Time. 
—1243° —> — 123-2° 2 hours 
—- %0 —>» —877 3 days 
— 116-6 —_> — 84-7 i oe 
As already recorded by Purdie and Paul (T., 1907, 91, 289), the 
optical change was practically instantaneous in aqueous solution. 
Action of Sodium Hydroxide——A 1-634 per cent. solution of the 
sugar in N/10-aqueous sodium hydroxide showed an initial optical 
exaltation which diminished irregularly until the darkening of the 
solution prevented further observations. 


Time. 
3 minutes 


The disruption of the sugar was apparently catalysed by contact 
with the fittings of the polarimeter tubes, as a duplicate solution 
which was preserved in a stoppered flask showed a distinct optical 
lag ([«]>° after forty days — 83°). 


Condensation of 1:3:4:6-Tetramethyl Fructose with Methyl Alcohol. 

A 2-5 per cent. solution of the sugar in pure dry methyl alcohol 
containing 0-25 per cent. of hydrogen chloride was preserved at 
17°, polarimetric readings being taken every twelve hours for a 
period of seventy-two days. A parallel experiment with tetramethyl 
y-fructose, prepared from inulin, emphasises the different reactivities 
of these isomerides. 


Crystalline 
tetramethyl 
Time from start. fructose. Tetramethyl y-fructose. 


-1 condensation complete. 
constant) 
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Oxidation of 1:3:4:6-Tetramethyl Fructose. 


1. Neutral Potassium Permanganate—To 100 c.c. of a 1 per cent, 
aqueous solution of the sugar 10 c.c. of N/10-potassium perman. 
ganate were added. As the colour of the reagent persisted for 
twenty days no appreciable oxidation took place. 

2. Alkaline Potassium Permanganate.—One hundred c.c. of a 
3 per cent. solution of the sugar were mixed with a solution of 
6 grams of potassium permanganate in 500 c.c. of water. 25 Ce, 
of N-potassium hydroxide were then added and by the following 
morning the reagent had been completely reduced. Carbor dioxide 
was passed through the liquid, which was filtered and evaporated 
to dryness under diminished pressure. An acetone extract of the 
residue yielded a small quantity of a neutral syrup which contained 
OMe = 42-9 per cent., and reduced permanganate instantly. The 
material undissolved by acetone was extracted with absolute 
alcohol to remove soluble potassium salts and, after fractional 
precipitation with ether, the product had the composition K = 
20-3; OMe = 26-3 per cent. These figures agree most closely 
with those required for a potassium dimethoxyhydroxybutyrate 
[C,H,0,(OMe),K requires K = 19-3; OMe = 30-7 per cent.]. The 
rupture of the ketose to give an oxidation acid containing four 
carbon atoms in the chain was confirmed in the following reaction. 

3. Nitric Acid.—A 7 per cent. solution of the sugar in dilute 
nitric acid (d 1-2) was heated at 90° for one hour and thereafter at 
80—85° for four and a half hours. Reaction proceeded smoothly, 
but ceased entirely at temperatures lower than 80°. Excess of 
nitric acid was removed by maintaining the solution at 40°/15 mm. 
while water was continually introduced until 1500 c.c. had collected 
in the receiver. The evaporation was then continued in a stream 
of alcohol until one litre had distilled, after which the liquid was 
taken to dryness and heated, first at 40°/0-3 mm. and then at 
55°/0-3 mm. until constant in weight. On raising the bath to 
130°/0-25 mm., the product was readily distilled as a clear mobile 
liquid which rapidly crystallised. After spreading on porous 
porcelain and two recrystallisations from light petroleum, the pure 
ester was obtained. M. p. 86—87°; n, 1-4643 (Found: C = 49-86, 
49-81; H = 7-60, 7-62. C,,H.»0, requires C = 50:00; H = 7:57 
per cent.). In this particular case, the determination of methoxyl 
is not diagnostic, but as the compound possessed the reactions of 
an alkyloxy-ester it is identified as diethyl dimethoxyhydroxy- 
glutarate. 

4. Bromine.—A concentrated aqueous solution of the sugar was 
shaken for two days with excess of bromine water and then treated 
as described by Irvine and Hynd (T., 1909, 95, 1220). No organic 
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acid was, however, produced in the reaction and the sugar was 
recovered unchanged in the crystalline form. 


Relative Stability of the Isomeric Methylfructosides. 


Although the relative speeds of hydrolysis of tetramethyl methyl- 
fructoside and the corresponding y-isomeride are known, similar 


n of # data are lacking in the case of the unsubstituted fructosides. It 
C.c. § has now been established that when dissolved in N /110-hydrochloric 
ving § acid @-methylfructoside possesses a constant rotation for several 
xide f days. The fructoside is, however, slowly attacked by the reagent 


ited # and the levorotation diminished. 

. | aia 0 7 15 70 days 
BU TE Niclesadectssneesassibe —1720° —1691°  —1623° — 136-0° 
Che 


The development of moulds in the solution prevented a complete 
polarimetric record being taken, but the optical changes are 
evidently due to slow hydrolysis. Under parallel conditions, 
y-methylfructoside is hydrolysed much more rapidly, the solution 
changing from dextro to levo in thirty hours. The experimental 
details of the oxidation of tri- and tetra-methyl y-fructose are 
reserved for inclusion in a forthcoming paper on the structure of 
inulin. 


We desire to express our indebtedness to the Department of 
Scientific and Industrial Research for generous assistance. 
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CCCXXIV.—The Oxidation of Sucrose by Nitric Acid. 


By FrepDERICK DANIEL CHATTAWAY and HINTON JOHN Harris. 


For over a hundred and fifty years the action which takes place 
when sucrose is oxidised by nitric acid has attracted the attention 
of chemists, and its spectacular character, from the torrents of 
nitrogen peroxide evolved, still makes it a favourite laboratory 
experiment. It has considerable historical interest, for it was from 
the product of this action that Bergman (“ Opuscula Physica et 
Chemica,’ Vol. 1, p. 238. De acido Sacchari) about 1776 first 
isolated oxalic acid. From the testimony of several of his friends, 
it appears that Scheele had identified the acid shortly before, 
though whether he obtained it from sugar or from wood sorrel 
is not clear, for he never published any account of his work. For a 
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long time, Bergman’s process was in everyday use for making oxalic 
acid, but apparently no very detailed account of it was published 
until Thompson (Pharm. J., 1848—1849, 8, 117) took up the subject 
about 1848 and described what he had found to be the most 
satisfactory procedure. 

Since that time, little close attention has been directed to the 
subject, and oxalic acid has been generally regarded as the sole 
end-product. 

A re-examination of the reaction, however, has shown that, in 
addition to oxalic acid, mesoxalic acid is formed in considerable 
quantity and that the violent oxidation of sugar by nitric acid is 
the most advantageous way of preparing this little-known compound. 

Mesoxalic acid is easily detected, being a ketonic acid and form. 
ing a well-characterised hydrazone with any aromatic hydrazine, 
It can be isolated conveniently by making use of the sparing solu. 
bility in water of its sodium salt. 

About 11 grams of sodium mesoxalate can be obtained from the 
oxidation of 100 grams of sugar, about 40 grams of crystallised 
oxalic acid being at the same time produced. 

Mesoxalic acid is formed in approximately equal amount when 
dextrose, levulose, lactose, maltose, or starch is similarly violently 
oxidised by nitric acid. 


EXPERIMENTAL. 


When powdered or granulated sucrose is added to about fourteen 
times its weight of strong nitric acid, it dissolves at the ordinary 
temperature. On slowly heating the solution, it assumes a pale 
yellow tint which gradually deepens to a light and finally to a dark 
brown, owing to the formation of oxides of nitrogen. When the 
temperature reaches 72—75°, vigorous action sets in and if external 
heating be now stopped the temperature rises rapidly to about 
94—95°. This violent action continues for some time and the 
liquid appears to boil vigorously from the rapid disengagement of 
nitric oxide, nitrogen peroxide, and carbon dioxide. The tem- 
perature remains at first approximately constant, but gradually 
falls as the action diminishes in violence and finally apparently 
ceases. 

If other proportions of sugar and nitric acid are used or the 
liquid is heated with varying degrees of rapidity, violent action 
commences at slightly different temperatures, but the highest 
temperature reached without further external heating does not 
much exceed 94—95°. If fuming nitric acid is used, violent action 
begins of itself after some ten minutes’ standing at the ordinary 
temperature without any preliminary heating. Neither the exact 
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amount of strong acid initially used nor its exact strength much 
affects the phenomena observed, and the oxidation of the sugar 
into simple products is by no means complete when violent action 
subsides. Further oxidation, however, takes place on again heat- 
ing and oxalic and mesoxalic acids are now the main products. 
On cooling the suitably concentrated liquid, the bulk of the oxalic 
acid crystallises out, and a large part of the excess of nitric acid 
till remaining can be got rid of as sodium nitrate by the addition 
of an appropriate amount of solid sodium carbonate. Mesoxalic 
acid is present in the residual acid liquid in considerable quantity 
and separates as its sodium salt after complete neutralisation. 
In order to get consistent results, a definite procedure has to be 
carefully followed, as even trifling variations, such, for example, 
as evaporating in a flask instead of an evaporating dish and thus 
prolonging the heating, much affect the yield of mesoxalate.* 

The following has been found the best method for preparing 
and isolating sodium mesoxalate. To 50 grams of sucrose in a 
1500 c.c. flask are added 700 grams of nitric acid (d 1-41), and the 
mixture is heated to about 72—75°. The source of heat is removed, 
the violent action allowed to subside—this usually takes about 
twenty-five minutes—and the liquid poured into an evaporating 
dish and boiled rapidly until, when cooled to 74°, it occupies a 
volume of 112 c.c.t The liquid is now transferred to a flask and 
cooled with constant shaking to — 5°. The oxalic acid, which 
separates and usually amounts to about 21 grams, is filtered by 
the aid of the pump, using a Buchner funnel and at least three 
filter-papers or better an asbestos pad. The filtrate is again placed 
in the evaporating basin and 50 grams of anhydrous sodium car- 
bonate are added in three portions; this causes the temperature 
torise to about 70°. The solution is cooled to — 5° and the sodium 
nitrate which separates and usually amounts to about 50 grams 
is filtered off. To the filtrate 12 grams of anhydrous sodium 
carbonate are added and then a saturated aqueous solution of 

* The addition of vanadium pentoxide, as recommended by Naumann, 
Moeser, and Lindenbaum (J. pr. Chem., 1907, [ii], 75, 146), which causes the 
oxidation of sugar by nitric acid to take place at a lower temperature with 
a consequent larger yield of oxalic acid if a limited amount of nitric acid is 
used, causes complete oxidation of the sugar to carbon dioxide if the 
quantities of nitric acid and sugar given above are employed, so that on 
evaporation no residue is left. 

Tt During the evaporation the temperature of the boiling liquid rises from 
about 107° to 111°, and the hot liquid, when poured into a cylinder for 
measurement, usually cools to very near 74°. It is essential that the volume 
at 74° should be exactly 112 c.c. as the amount of free acid remaining after 
partial neutralisation which determines the subsequent separation of the 
mesoxalate in good yield depends almost entirely on this. 
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sodium carbonate until the liquid reacts distinctly alkaline; about 
40 c.c. of the solution are usually required. The liquid which while 
acid is pale yellow in colour becomes pale brown when alkaline, 
The alkaline liquid is kept for twenty-four hours, when 5—6 grams 
of sodium mesoxalate separate as a colourless, crystalline powder, 
About a further gram remains dissolved in the alkaline mother. 
liquor and can be recovered as hydrazone. 

The sodium mesoxalate, C(OH),(CO,Na),, thus obtained is 
practically pure. Two grams of a specimen of the salt thus pre. 
pared yielded 2-26 grams of mesoxalic acid phenylhydrazone, the 
theoretical amount being 2-3 grams. 

The hydrazone thus obtained melted with decomposition in one 
minute when kept at a constant temperature of 166°. When 
placed in a bath at 166° and heated moderately rapidly, it melted 
with decomposition at about 173°. 

It was moderately easily soluble in boiling alcohol, acetone, or 
chloroform, and sparingly soluble in boiling water, from all of which 
it crystallised in pale yellow, slender, flattened prisms. To complete 
its identification with the hydrazone first prepared by Fischer and 
Elbers (Ber., 1884, 17, 578), it was completely analysed (Found: 
C=51:8; H = 3-78; N = 13-67. Calc. for C,H,0,N,, C = 51-91; 
H = 3-87; N = 13-46 per cent.). 

It was also compared and found to be identical with the hydrazone 
prepared from specimens of mesoxalic acid obtained from uric acid 
and from malonic acid. 


Oxidation of other Carbohydrates by Concentrated Nitric Acid. 


The other common carbohydrates, dextrose, levulose, lactose, 
maltose, and starch also yield mesoxalic acid when violently 
oxidised by nitric acid. 

Using the quantities of carbohydrate and nitric acid given above, 
the phenomena observed are very similar to those noted when 
sucrose is employed and the yields of oxalic acid and sodium 
mesoxalate are approximately the same, the amount of oxalic acid 
cerystallising out being roughly two-fifths of the weight of carbo- 
hydrate used and that of sodium mesoxalate about one-tenth. 

There are, however, considerable differences in the temperatures 
at which the initial violent reaction starts and in those reached 
during this action, but otherwise the procedure and results are 
much the same. 


Hydrazones of Mesoxalic Acid. 


The hydrazones of mesoxalic acid are easily made by dissolving 
sodium mesoxalate in warm water, adding the equivalent quantity 
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ii the hydrazine dissolved in acetic acid, and heating for a few 
ninutes until the solid which is first formed and which appears 
io be a sparingly soluble hydrazine salt of mesoxalic acid dissolves 
ind a clear liquid results. On cooling and adding excess of hydro- 
dloric acid, the hydrazone of mesoxalic acid separates as a bright 


yellow solid. 
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I. Mesoxalic acid p-chlorophenylhydrazone. 
Il. Mesoxalic acid 2: 4-dichlorophenylhydrazone. 
Ill. Mesoxalic acid o-chlorophenylhydrazone. 
IV. Mesoxalic acid p-tolyihydrazone. 
V. Mesoxalic acid phenylhydrazone. 
VI. Mesozalic acid o-tolylhydrazone. 


When these hydrazones are heated, they melt with decomposition 
at temperatures which vary within very wide limits according to 
the time taken in heating. The actual melting point of any speci- 
men therefore depends on the duration of heating, and to be of 
any use as a criterion of purity the time of heating as well as the 
temperature at which liquefaction occurs needs to be given. 

In order, therefore, to obtain comparable results the hydrazones 
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were kept at a number of constant temperatures in the neighbour. 
hood of the melting point, and the time taken before melting 
at each particular temperature was noted. Melting-point tubes 
of about 1 mm. internal diameter were filled to a depth of 5 mm, 
with the powdered hydrazone. At first a rough reading was taken 
to give an idea of the temperature required. A tube containing 
the hydrazone was then placed in an oil-bath at the particular 
temperature and simultaneously a stop-watch was started which 
was stopped at the moment when the hydrazone melted. Three 
observations were made at each temperature and the mean 
taken. 

The lowest temperature at which observations were made was 
in each case that at which the hydrazone would remain during 
three or four minutes before melting. The curves in the appended 
figure show the results. 

In the case of the bromohydrazones, the points of melting were 
not sufficiently well defined to be worth recording. 

The arylhydrazones of mesoxalic acid are all yellow, well-crystal- 
lised compounds, moderately soluble in hot organic solvents such 
as alcohol, acetic acid, and chloroform, but sparingly soluble in 
boiling water. 

Mesoxalic acid p-chlorophenylhydrazone, (CO,H),C°N-NH-C,H,Cl, 
crystallises in bright yellow, elongated prisms. If it is kept at a 
constant temperature of 186-5°, it first shrinks and then melts in 
one minute. If placed in a bath at 186° and moderately rapidly 
heated, it melts with decomposition at 192—193° (Found: Cl= 
14-67. C,H,O,N,Cl requires Cl = 14-62 per cent.). 

Mesoxalic acid o-chlorophenylhydrazone crystallises in bright 
yellow, elongated prisms. If it is kept at a constant temperature 
of 175°, it melts in one minute. If placed in a bath at 175° and 
heated moderately rapidly, it melts with decomposition at 182° 
(Found: Cl = 14-35. C,H,0,N,Cl requires Cl = 14-62 per cent.). 

Mesoxalic acid 2 : 4-dichlorophenylhydrazone, 

(CO,H),C°N-NH-C,H,Cl,, 
crystallises in bright yellow, elongated prisms. If it is kept at a 
constant temperature of 182-5°, it melts with decomposition in 
one minute. Placed in a bath at 182-5° and heated moderately 
rapidly, it melts with decomposition at 188° (Found: Cl = 25-42. 
C,H,O,N,Cl, requires Cl = 25-60 per cent.). 

Mesoxalic acid p-bromophenylhydrazone, (CO,H),C:N-NH-C,H,Br, 
crystallises in bright yellow, long, slender prisms. When heated, 
it shrinks, turns brown, and decomposes without previously 
melting (Found: Br = 27-74. C,H,O,N,Br requires Br = 27-84 
per cent.). 
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Mesoxalic acid 2 : 4-dibromophenylhydrazone, 

(CO,H),C°N-NH-C,H,Br,, 
aystallises in bright yellow, very much elongated prisms. When 
-Bheated moderately rapidly, it melts with decomposition at about 
5° (Found: Br = 43-56. C,H,O,N,Br, requires Br = 43-68 
per cent.). 

Mesoxalic acid p-tolylhydrazone, (CO,H),C-N-NH-C,H,Me, crystal- 
jes in pale yellow, short, flattened prisms. If it is kept at a 
constant temperature of 170-5°, it melts with decomposition in 
me minute. Placed in a bath at 170-5° and heated moderately 
npidly, it melts with decomposition at 178° (Found: C = 54-13; 
H=4:57; N= 12-82. C,H, 90,N, requires C = 54-04; H = 4-54; 
N= 12-61 per cent.). 

Mesoxalic acid o-tolylhydrazone crystallises in bright yellow, slender 
prisms. If it is kept at a constant temperature of 163-5°, it melts 
vith decomposition in one minute. Placed in a bath at 163-5° 
and heated moderately rapidly, it melts with decomposition at 
171—172° (Found: C = 54:33; H = 4-64; N= 12-5. C,H ,,0,N, 
requires C = 54:04; H = 4:54; N = 12-61 per cent.). 

THE QUEEN’s COLLEGE, 

OxForD. [Received, October 24th, 1922.] 


(CCOXXV.—The Diazo-reaction in the Carbazole Series. 
Carbazole-3-diazoimine and -3-diazonium Salts. 


By Girpert T. Morcan and Huan Norman Reap. 


ALTHOUGH carbazole has become increasingly important in recent 
years as an intermediate in the production of synthetic dyes, com- 
paratively little has been published in regard to its diazo- 
derivatives, yet obviously the diazotisation of 3: 3’-diamino- 
carbazole has been practised in the manufacture of carbazole 
yellow. 

The diazonium chloride obtained from 3-aminocarbazole is first 
mentioned by Ruff and Stein (Ber., 1901, 34, 1668), who, however, 
did not isolate the substance, but studied it only in aqueous solution. 
Accordingly, we resolved to investigate further the properties of 
this and similar diazonium salts of the carbazole series. 

The outstanding features in regard to carbazole-3-diazonium 
salts are (1) their.stability compared with the corresponding diazo- 
derivatives of the benzene, diphenyl, and naphthalene series; 
(2) their pronounced yellow colour. In the latter respect, the 
carbazole-3-diazonium salts resemble the similarly constituted 
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diazonium salts derived from p-aminodiphenylamine and jt; 
derivatives. This analogy led us to try whether carbazole.}. 
diazonium chloride would by elimination of hydrogen chloride giye 
rise to an internal diazoimine similar to those previously obtained 
from the diazonium salts of p-aminodiphenylamine and its nitro. 
derivatives (Ikuta, Annalen, 1888, 243, 282; Hantzsch, Ber, 
1902, 35, 895; Morgan and Micklethwait, T., 1908, 93, 602). 

Ruff and Stein (loc. cit.) had already tried the action of concen. 
trated sodium hydroxide on a solution of carbazole-3-diazoniun 
chloride, but the results of their experiments were inconclusive, 
We found, however, on adding concentrated ammonia te an 
aqueous solution of purified carbazole-3-diazonium chloride in 
subdued light that a red, crystalline, sparingly soluble produet 
was obtained, which on analysis proved to be the internal diazo. 
imine, an unstable substance decomposed with extreme rapidity 
on exposure to ordinary light. The formation of this diazoimine, 
C,,H,N*N,, which empirically is the simplest member of the series 
hitherto isolated in a state of purity, elucidates the chemical nature 
of this group of diazo-derivatives. To phenyl-p-phenylenediazo. 
imine, first obtained by Ikuta (loc. cit.) from diphenylamine-4. 
diazonium chloride, one or other of the following constitutions 
(I or Ia) has been assigned. 


The first of these postulates the existence of a seven-membered 
ring, the second explains the existence of the internal diazoimine 
on the basis of a quinonoid rearrangement. The latter formula- 
tion (Ia) corresponds with the observation that, apart from the 
exceptional peri-diazoimines of 1 : 8-naphthylenediamine and its 
derivatives (T., 1906, 89, 4), internal diazoimines have never been 
obtained when the diazonium group is in the meta-position with 
respect to the imino-group, although these products should, in 
accordance with formula I, be capable of existence and should, as 
containing a six-membered ring, be even more stable than the 
para-compounds. 

In the present case, the bridged formulation (I) is rendered 
even less probable by the fact that the imino-group is already 
implicated in a five-membered ring. The quinonoid hypothesis 
offers the simplest explanation of the formation of the new 
diazoimine. 
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© anf By loss of hydrogen chloride, the yellow carbazole-3-diazonium 
le inf dloride (IL) passes into the orange-red quinonoid carbazole-3- 


liazoimine (III), the reaction being reversed when the latter com- 
pound is treated with hydrochloric acid. The diazonium chloride 
and the diazoimine give rise to the same azo-8-naphthol derivative 


nine, ff (V), the latter process being one of simple addition of $-naphthol 
eties tothe diazoimine. Other azo-derivatives can be produced additively 
‘ture ff by employing other phenols or reactive aromatic amines. 


The formation of carbazole-3-diazoimine depends on the inter- 
vention of the hydrogen of the imino-group, for when this labile 
atom is replaced by ethyl as in N-ethylcarbazole-3-diazonium chloride 
(VI) the reaction with ammonia takes an entirely different course. 
Half the diazo-nitrogen is eliminated and the ill-defined solid pro- 
duct which separates has the attributes of an external diazo-oxide, 
for on treatment with concentrated hydrochloric acid it regenerates 
the diazonium chloride and yields a greenish-blue product, probably 
arising from the oxidation of 3-hydroxy-N-ethylearbazole : 
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! ied ee lea 
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2EtN:C,H,-N,-OH — N, -+ H,O + EtN:C,,H,"N,0-C,,H,:NEt. 


EXPERIMENTAL. 


Carbazole was converted into N-nitroso-3-nitrocarbazole by the 
method of Ruff and Stein (loc. cit.) and this nitrated nitrosoamine 
was reduced to 3-aminocarbazole by means of alcoholic sodium 
sulphide (Schwalbe and Wolff, T., 1911, 99, 105), the overall yield 
being 52 per cent. 

Carbazole-3-diazonium chloride,* C,,H,N-N,Cl,2H,O, was pre- 


* During the course of these experiments, we learnt confidentially that 
this diazonium salt had been prepared by Dr. 8. H. Tucker, and we have 
accordingly refrained from any detailed investigation of the substance. 
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pared by adding 20 per cent. aqueous sodium nitrite to a thi 
paste of 3-aminocarbazole hydrochloride in dilute hydrochloric agiq 
at 8°; the hydrochloride dissolved and the diazonium chlorid 
crystallised from the filtered solution on cooling to 0°. Th 
product, when recrystallised from warm water, separated in fap. 
shaped clusters of yellow needles which became green at 98° and 
decomposed at 102°. When dried in a vacuum desiccator oye 
sulphuric acid, the dihydrated diazonium chloride lost its water of 
crystallisation and assumed an orange-yellow colour. The ap. 
hydrous diazonium chloride darkened at 106—110° and decomposed 
explosively at 153°. The hydrated diazonium chloride gave oy 
analysis the following data :—N = 15°67; Cl = 13°38; H,O =13-26, 
C,,.H,N,Cl,2H,O requires N = 15°82; Cl = 13°38; H,O = 13:56 
per cent. The yellow, anhydrous salt, after drying over sulphuric 
acid for four weeks, gave N= 18-01; Cl= 15°69. C,,H,N,G 
requires N = 18°30; Cl = 15°46 per cent. 

Carbazole-3-diazonium aurichloride, C,,H,N-N,AuCl,, a_ bright 
yellow, sparingly soluble compound, was obtained anhydrous on 
drying at the ordinary temperature in a vacuum desiccator (Found: 
Au = 36°50, 37:22. C,,H,N,Cl,Au requires Au = 36°98 per cent.), 
The yellow diazonium salts from 3-aminocarbazole were quite 
stable in the dark, but darkened on exposure to light. During the 
diazotisation of 3-aminocarbazole hydrochloride a green, insoluble 
by-product was observed from which by extraction with ether, 
long, golden-yellow needles of N-nitrosocarbazole were obtained 
melting at 82° (Found: N = 14:07. C©,,H,ON, requires N = 14-29 
per cent.). 

Carbazole-3-diazoimine (Formula III).—According to the observ- 
ations of Ruff and Stein, addition of aqueous sodium hydroxide to 
a solution of carbazole-3-diazonium chloride gave a red coloration 
and a separation of oily drops changing to a voluminous precipitate 
of red needles. Analyses gave no definite indications, but these 
investigators inclined to the view that this product was the free 
diazo-hydroxide, C,,H,N-N,-OH. Our experiments indicated, how- 
ever, that the insoluble product was in reality the internal diazo- 
imine, which was best obtained pure by adding with stirring | c.c. 
of concentrated ammonia to 0°3 gram of carbazole-3-diazonium 
chloride dissolved in 10 c.c. of water, both solutions being cooled 
to 0°. A precipitate of bright orange-red needles separated, and 
soon the mixture became almost solid. The product was prepared, 
washed with ice-water, collected in subdued light, and dried in a 
blackened vacuum desiccator over concentrated sulphuric acid 
[Found : C = 74:02; H = 4:09; N = 21°85 (total 99°96). C,,H,N, 
requires C = 74°61; H = 3°63; N = 21°76. C,,H,ON 3 requires 
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— 68:25; H = 4:26; N = 19°90 per cent.]. These data prove 
that the substance is carbazole-3-diazoimine, and not the diazo- 
hydroxide. 
When heated rapidly, carbazole-3-diazoimine darkened at 80—90° 
and exploded at 95°, but when the temperature was raised very 
sowly it began to darken at 80°, was dark brown at 105°, and the 
residue did not then melt below 300°. The diazoimine was 
extremely photo-sensitive; it decomposed almost immediately in 
sunlight, but was comparatively stable in the dark. It exploded 
on rubbing or by percussion or when placed near a flame. In water, 
itgave a deep red solution, but all attempts to recrystallise the diazo- 
imine led to decomposition and the formation of a brown insoluble 
material not melting below 300°; this ill-defined product was 
similar to the discoloured substance produced by the action of light. 

The constitution assigned to the red diazoimine was confirmed 
by the action of hydrochloric acid, which regenerated yellow 
carbazole-3-diazonium chloride. Carbazole-3-diazoimine combined 
additively with phenols and reactive aromatic amines to yield 
azo-derivatives identical with those produced by coupling with 
carbazole-3-diazonium chloride. Mixed melting points showed in 
each case that the two preparations gave identical products. 

Carbazole-3-azo-8-naphthol (Formula V).—(a) From carbazole- 
3diazoimine: equivalent proportions of the diazoimine and 
naphthol were mixed and moistened with alcohol, when the 
reddish-violet azo-derivative was formed immediately. After 
washing with aqueous sodium hydroxide, the product was crystal- 
lised from glacial acetic acid, when reddish-violet needles separated, 
melting and decomposing at 277—278° (Found: N = 12°10. 
C,H,;,ON; requires N = 12°46 per cent.). 

(b) From carbazole-3-diazonium chloride by coupling with alkaline 
naphthol: the product, when crystallised from glacial acetic 
acid, gave reddish-violet needles melting and decomposing at 
279° (Found : N =,12°84 percent.). This azo-$-naphthol developed 
with concentrated sulphuric acid a bright red coloration changing 
to violet on exposure. 

Carbazole-3-azoresorcinol, C,,H,N-N,°C,H;(OH),.—(a) A mixture 
of carbazole-3-diazoimine and pocaatier te in molecular proportions 
gave no reaction until moistened with alcohol, when an intensely 
violet azo-derivative was produced. When dissolved in glacial 
acetic acid and precipitated therefrom by water, the substance 
melted at 265—270°. 

(b) The same compound was produced by coupling carbazole-3- 
diazonium chloride and alkaline resorcinol (m. p. 264—268°). 
Sulphuric acid gave a deep yellow coloration. 


Lom] 
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Carbazole-3-azo-B-naphthylamine, Cy,H,N-No'CygHg'NH,, was 
obtained on moistening with alcohol a mixture of carbazole.3. 
diazoimine and $-naphthylamine; it crystallised from alcohol jn 
reddish-brown needles melting at 260—263°. This compound 
was identical with the preparation obtained by adding successively 
carbazole-3-diazonium chloride and sodium hydroxide to a solu. 
tion of §-naphthylamine hydrochloride (Found: WN = 167, 
Cy.H,,N, requires N = 16°67 per cent.). Concentrated sulphuric 
acid developed a deep blue coloration, becoming violet on dilution, 

Carbazole-3-diazocyanide, NH:C,,H,*N,"CN, was obtained by 
double decomposition from carbazole-3-diazonium chloride in either 
alkaline or acid solution. Aqueous potassium cyanide was added 
to a dilute solution of the diazonium chloride, rendered alkaline 
, with sodium carbonate. A dark brownish-red precipitate was 
deposited, changing quickly to brilliant red. Crystallisation of the 
product from 50 per cent. alcohol yielded small, brick-red needles 
darkening on heating and decomposing at 155—160°. 

On adding the aqueous cyanide to a solution of diazoniun 
chloride containing excess of hydrochloric acid, a brick-red pre. 
cipitate was obtained which, when crystallised from dilute alcohol, 
also separated in brick-red needles identical with the preceding 
preparation (Found: N = 25°51. C,,H,N, requires N = 25°48 
per cent.). This diazocyanide condensed very slowly with alkaline 
8-naphthol, several hours elapsing before the reaction was com- 
pleted. This slow rate of coupling suggested the anti-form of 
the cyanide. The compound was insoluble in the organic media 
and slowly became brown on exposure to light. 

Carbazole-3-diazonium nitroprusside, (NH°C,,H,*N,),Fe(CN);"NO, 
an amorphous, light yellow precipitate produced by double decom- 
position and becoming brown on exposure (Found: N = 28°08; 
Fe = 9°21. C,jH,,ON,,Fe requires N = 27°82; Fe = 9:27 per 
cent.). This compound, when heated rapidly, became green at 
150° and decomposed explosively at 160°. 

3-T'riazocarbazole (Carbazole-3-azoimide. Formula IV).—On 
mixing aqueous solutions of sodium azide and carbazole-3-diazonium 
chloride, the yellow colour of the latter salt gradually faded, nitrogen 
was evolved, and a white precipitate of the triazo-compound was 
obtained in quantitative yield. This product was fairly soluble 
in the ordinary organic solvents and crystallised readily from ether, 
alcohol, or ligroin, separating in lustrous, colourless plates melting 
with violent evolution of gas at 176—177° (Found: N = 27°08. 
Cy,H,N, requires N = 26°92 per cent.). 3-Triazocarbazole became 
brown on exposure to light and decomposed with considerable 
violence when dropped into concentrated sulphuric acid, the 
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N= 1610; Cl = 13°86, 13°75. ©C,,H,,N,Cl requires N = 16:3}. 
Cl = 13°75 per cent.). The anhydrous chloride was also obtained in 
canary-yellow needles by adding ether to an alcoholic solution 
of the hydrated salt. When left in the air, the water of crystallis.§j j 
ation was recovered quantitatively. The action of light on N-ethyl. 
carbazole-3-diazonium chloride was inappreciable, in which respect 
this salt differed considerably from the photochemical carbazole. 
3-diazonium chloride. 

3-Triazo-N-ethylearbazole, obtained by double decomposition 
from the chloride and sodium azide in aqueous solution, was oily 
and was not further examined. 

N-Ethylearbazole-3-diazonium aurichloride, C,H;N:C,,H,"N,°AuC,, 
a light yellow compound, produced by double decomposition, 
contained Au = 35°37. C,,H,,N;Cl,Au requires Au = 35°12 per 
cent. 

N-Ethylcarbazole-3-diazonium dichromate, (C,H;N:C,,H,*N,),Cr,0,, 
a comparatively stable salt separating in bright yellow, acicular 
prisms from aqueous solution of the chloride and an alkali 
dichromate, was more soluble in hot water (Found: Cr = 15°90, 
Cy,H,,0,N,Cr, requires Cr = 15°76 per cent.). 

N-Ethylearbazole-3-diazonium cyanide, a bright red compound 
separating from alcohol in needles, prepared by double decomposi- 
tion in acid or alkaline solutions, coupled very slowly with alkaline 
8-naphthol and decomposed indefinitely at 148—155° (Found: 
N = 22°53. C,;H,.N, requires N = 22°58 per cent.). The cor. 
responding nitroprusside, [Fe(CN);NO] (N,°C,,H,:N-C,H,),, 
separated in bright yellow, microscopic needles (Found : N = 25°56. 
C33H,,ON,.Fe requires N = 25°46 per cent.). 

Ethyl N-ethylcarbazole-3-azoacetoacetate, 

. ZC(OH)-CH. 
C,H N:CpHy Ny CKO OH, 3 
—An alcoholic solution of ethyl acetoacetate and crystalline sodium 
acetate were added to aqueous JN-ethylcarbazole-3-diazonium 
chloride, and the azo-condensation product, which separated as an 
oily mass, was obtained solid from ether and recrystallised from 
alcohol in golden-yellow needles melting at 125° (Found: N = 12°06. 
Cy9H,,03N, requires N = 11-96 per cent.). 

Action of Aqueous Ammonia on N-Ethylcarbazole-3-diazonium 
Chloride-—So far the behaviour of N-ethylcarbazole-3-diazonium 
chloride closely resembled that of carbazole-3-diazonium chloride, 
but the reactions of these salts with ammonia were quite different. 
On adding 10 c.c. of concentrated ammonia to 0°5 gram of anhydrous 
N-ethylearbazole-3-diazonium chloride in 30 c.c. of water at 0°, 
the solution became reddish-brown and a brown, amorphous solid 
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‘B sowly separated with evolution of gas. There was no appearance 
of a crystalline product comparable with that from carbazole-3- 
diazonium chloride and ammonia. The experiment was repeated 
Bin. a volumeter, when the loss of nitrogen was 5°10 per cent.; for 
lalf the diazo-nitrogen this percentage should be 5:44. The solid 
product, although insoluble in water, dissolved readily in benzene, 
xing precipitated therefrom by light petroleum as a light brown, 
microcrystalline substance charring at 150—155° (Found: 
N= 12°76. C,,H,,ON, requires N = 12°96 per cent.), a result 
erresponding with the composition of an external diazo-oxide. 
When treated with concentrated hydrochloric acid, this substance 
yas decomposed into a greenish-blue, indefinite product and 
Y-ethylearbazole-3-diazonium chloride, the latter being identified 
by its bright yellow colour and power of coupling with alkaline 
naphthol to a reddish-violet azo-compound. 
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(OCXXVI.—The Oxidation of Sabinene with Chromyl 
Chloride. 


By GeoRGE GERALD HENDERSON, JOHN McGrecor ROBERTSON, 
and Davip CHRISTIE Brown. 


PREVIOUS investigations have shown that a number of the terpenes, 
both monocyclic and dicyclic, unite additively with chromy! chloride 
to form solid compounds of the formula C,)H,,,2CrO,Cl,, which, 
when decomposed by water, yield mixtures of aldehydes and ketones 
derived from the corresponding hydrocarbons (Bredt and Jagelki, 
Annalen, 1900, 310, 112; Henderson and others, T., 1903, 83, 
1299; 1908, 93, 288; 1911, 99, 1887). It has now been found 
that in this respect sabinene resembles other dicyclic terpenes. 
When a dilute solution of chromyl chloride in carbon disulphide is 
slowly added to a similar solution of sabinene, care being taken to 
prevent rise of temperature, a solid separates. This compound is 
readily decomposed by water, with formation of an insoluble liquid 
product together with a certain quantity of resinous matter. The 
principal constituents of the liquid, apart from some indefinite 
VOL. CXXI, 42Z 
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resinous materials, are a saturated aldehyde, CsH,,-CHO, and ay 
unsaturated ketone, C,H,,0, which are present in approximately 
equal proportions. In addition, a small quantity of an isomeric 
ketone was separated in the form of its semicarbazone. 

The aldehyde, which is a viscous liquid, undergoes spontaneow 
oxidation on exposure to air. The crystalline acid, CyH,,-CO,H, 
thus produced melts at 175°; it is also obtained when the aldehyde 
is heated with dilute nitric acid. As the acid is prepared from 
sabinene by a method similar to that by which camphene is converted 
into camphenilanic acid, it may be named sabinenilanic acid. Its 
constitution has not been elucidated as yet, but if it be assumed 
that the structure of the sabinene nucleus remains unchanged 
during the process of oxidation, the formula will be (1). 

¢0,H 
CH 
HC~ \cH, 
HAC. ous 


‘ 


(I.) 


CHMe, 

The two ketones were separated by taking advantage of the 
difference in solubility of their semicarbazones, that of the chief 
constituent being very sparingly soluble and the other readily 
soluble in cold alcohol. After several crystallisations, the former 
semicarbazone showed a constant melting point of 205°. The 
ketone, CyH,,0, liberated from it is a colourless liquid of pleasant 
odour, which boils at 220° and behaves as an unsaturated compound 
towards bromine and potassium permanganate. Taking into 
account the properties of the ketone as well as those of its semi- 
carbazone, there can be little doubt that it is 4-isopropylidene- 
cyclohexanone (II). This ketone was obtained by Perkin (T., 1907, 
91, 1736) as a product of the hydrolysis of ethyl 4-isopropylidene- 
cyclohexanone-2-carboxylate, and also by Wallach (Annalen, 1908, 
359, 265) on heating with dimethylaniline the compound (IV) 
which he had prepared by the action of hydrogen chloride on sabina 
ketone (III). The melting point of the semicarbazone of our ketone 
is, however, somewhat higher than that (201°) quoted by these 
observers. 


CO 
HC ‘ge 
H,C\ CH 


CHMe, 
(V.) 
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Qn reduction with sodium and alcohol, the ketone is converted into 
Mf the secondary alcohol, 4-isopropylidenecyclohexanol, C,H,,>CH-OH, 
a liquid with a pleasant odour which boils at 134°/40 mm. Its 
p-nitrobenzoate is a colourless, crystalline solid, m. p. 63°. 

After repeated crystallisations, the melting point of the semicarb- 
aone of the ketone present in small quantity in the origina! oxidation 
product was found to be 168—169°, whilst Wallach (loc. cit.) gives 
as 169—170° the melting point of the semicarbazone of 4-isopropyl- 


verted | A°-cyclohexenone (V). This ketone he obtained, together with the 
|. Its isomeric A?-compound as principal product, on heating sabina ketone 
sumed with 20 per cent. sulphuric acid. The quantity of the semicarbazone 


of m. p. 169° in our hands was so small that it was not possible to - 
separate and identify the ketone. 

It might have been anticipated that sabina ketone would be one 
of the products of the action of chromyl chloride on sabinene and 
it is at least possible that this was actually the case, and that the 
sabina ketone originally formed was caused to undergo intra- 
molecular rearrangement under the influence of the hydrochloric 
acid which is always liberated along with chromium chloride and a 
little chromic acid when the additive products, C,9H,,¢,2CrO,Cl,, 
are decomposed by water. If that had been the case, however, 
one would have expected, in view of Wallach’s results, to find 
4-isopropyl-A?-cyclohexenone in our product, whercas none of this 
compound could be detected. 


EXPERIMENTAL. 


Separation and Oxidation of Sabinence. 
Sabinene was separated from oil of savin as follows. The oil 
was distilled in a current of steam for about half an hour, and the 
oily distillate collected and treated under reflux for some time with 
sufficient alcoholic sodium hydroxide to hydrolyse the sabinol esters 
which it contained. After passing in carbon dioxide to neutralise 
any free alkali, the mixture was distilled in steam, and the distillate 
collected in two approximately equal fractions. The first of these, 
which contained practically all the sabinene, was extracted with 
light petroleum, the extract dried over anhydrous sodium sulphate, 
the solvent removed, and the residual liquid distilled in a current 
of dry carbon dioxide. The yield of sabinene (b. p. 163—165°) 
obtained was nearly 19 per cent. of the weight of the oil of savin. 
A 10 per cent. solution of 100 grams (rather more than 2 mols.) 
of chromy! chloride in carbon disulphide was added, in small quan- 
tities at a time and with constant agitation, to a similar solution 
of 40 grams (1 mol.) of sabinene, both solutions being well cooled 
with ice-water. During this part of the process, any failure to 
42Z2 
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keep the solution cool results in much loss by resinification of the 
sabinene. A precipitate of the solid compound began to separate 
at once, and was left to settle for a day or two. The liquid was 
then decanted, and the thin, pasty mixture of the solid compound 
and carbon disulphide poured, in small quantities at a time, into 
ice-cold water, with vigorous agitation after each addition. The 
quantity of carbon disulphide present in the mixture was sufficient 
to extract most of the oxidation product from the water, and the 
last traces were recovered by successive extractions with ether and 
with light petroleum. The solutions were washed with water and 
dried over anhydrous sodium sulphate, and the solvents removed by 
distillation. As the residual oxidation product contained a consider. 
able proportion of resinous substances, it was further purified by dis. 
tillation in steam, an approximately 50 per cent. yield being obtained. 

The solid additive compound, C,9H,,,2CrO,Cl,, is very similar to 
those obtained from other terpenes. When dry, it is a grey powder, 
which quickly begins to undergo decomposition when exposed to 
moist air, and which reacts vigorously with water. 


Separation and Oxidation of Sabinenilanaldehyde. 


The oxidation product, after steam distillation, was mixed with 
excess of a freshly prepared saturated solution of sodium hydrogen 
sulphite, and shaken at intervals for several days. The bisulphite 
compound, which separated slowly in the form of a colourless, 
finely crystalline solid, was collected and washed with alcohol and 
with ether. The residual oily liquid recovered from the filtrate 
and washings was again shaken with sodium hydrogen sulphite, 
and the process repeated until no further separation of crystals 
took place. The bisulphite compound was heated with excess of 
aqueous sodium carbonate, and the liberated aldehyde distilled off 
in a current of steam, separated from the distillate by means of 
ether, and purified by distillation. 

Sabinenilanaldehyde, CsH,,*CHO, is an almost colourless, viscous 
liquid, which boils at 215—217°, and has the strong, peculiar odour 
characteristic of such terpene aldehydes. It dissolves easily in the 
usual organic solvents, and is oxidised to the corresponding acid 
when exposed to air. The semicarbazone of the aldehyde, prepared 
in the usual manner, separates from methyl alcohol, in which it is 
freely soluble, in colourless crystals, m. p. 145—146° (Found: 
N = 20°0. Cj 9H,,0 requires N = 20:1 per cent.). 

Sabinenilanic acid, C,H,;-CO,H, was prepared by spontaneous 
oxidation of the aldehyde, and also by heating it with dilute nitric 
acid. It was purified by crystallisation from benzene, from which 
it separates in small, colourless prisms, m. p. 175—176°. It is 
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very readily soluble in alcohol or ether, and sparingly soluble in 
water or cold benzene. Towards bromine or potassium perman- 
ganate, it behaves as a saturated compound. The sodium, calcium, 
and barium salts are readily soluble in water, the silver salt almost 
insoluble (Found: C = 71:3; H=9°7. CygH,,0, requires C = 
71:4; H = 9°5 per cent.). 


Separation and Reduction of 4-isoPropylidenecyclohexanone. 

The mixed ketones which remained after removal of the aldehyde 
from the original oxidation product were converted into semi- 
carbazones in the usual manner. The mixture of semicarbazones 
was dissolved in boiling alcohol and on cooling the bulk crystallised, 
but a small portion remained in solution and was precipitated by 
addition of water after removal of the crop of crystals. By repeti- 
tion of this process, we obtained a semicarbazone which melted 
sharply at 205°, and a small quantity of a second semicarbazone 
with a melting point of 168—169°. The ketone, 4-isopropylidene- 
cyclohexanone, CyH,,0, was prepared by decomposing the semi- 
carbazone of m. p. 205° with the calculated quantity of oxalic acid, 
distilling the mixture in a current of steam, and extracting the 
ketone from the distillate with ether. It is a colourless liquid of a 
pleasant odour which distils at 220° without decomposition, and as 
an unsaturated compound at once reacts with bromine and with 
potassium permanganate. It is almost insoluble in water, and 
readily soluble in alcohol or ether. Its composition was determined 
by analysis of the semicarbazone (Found: C = 619; H = 87; 
N= 21-7. Cale., C = 61:5; H = 88; N = 21°'5 per cent.). 

The corresponding alcohol, 4-isopropylidenecyclohexanol, 
C,H,,>CH-OH, was prepared by addition of sodium in excess to a 
methyl-alcoholic solution of the ketone, and subsequent treatment 
with water, extraction with ether, and distillation of the crude 
product under diminished pressure. The alcohol was thus obtained 
as a colourless, viscous liquid with an odour somewhat like that of 
menthol. It boils at 134°/40 mm. and is sparingly soluble in 
water, but dissolves easily in alcohol or ether. When treated, in 
pyridine solution, with p-nitrobenzoyl chloride, it yields a p-nitro- 
benzoate, which crystallises from alcohol in small, colourless prisms, 
m. p. 63°. 


We are indebted to the Department of Scientific and Industrial 
Research for a grant which enabled one of us (J. M.R.) to take 
part in this work, and to the Carnegie Trust for a grant which 
defrayed part of the expense. 
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CCCX X VIT.— Resorcinolphenylsuccinein, 
By Artuur LapwortH and JoHN ALEXANDER McRaeg, 


THE improvements in the modes of preparing succinic acids con. 
taining aromatic substituents, described by the authors in another 
communication (this vol., p. 1699), make it possible to obtain many 
of these compounds cheaply and if necessary in large quantity. It 
therefore seemed worth while to examine their application for the 
preparation of colouring matters, where there is a very wide field 
to be explored. The time which it was necessary to devote to the 
study of other aspects of the syntheses of the succinic acids deflected 
attention from what was the original line of work; the preparation 
and characterisation of resorcinolphenylsuccinein and its tetrabromo. 
derivative were completed, however, and as the authors are no 
longer able to work in collaboration, the results are here recorded. 

The methods described in the literature for the preparation of 
resorcinolsuccinein by the condensation of succinic anhydride and 
resorcinol (Nencki and Sieber, J. pr. Chem., 1881, [ii], 23, 152), and 
of fluorescein, do not seem at first sight to offer any great difficulty; 
but a closer examination shows that these substances are formed 
along with by-products from which sometimes it is not easy to 
obtain the pure compound. Considerable doubt seems to be 
associated with the characterisation of fluorescein, for H. v. Liebig 
(J. pr. Chem., 1912, [ii], 85, 97, 241) claims to have isolated five 
different modifications of this substance. 

It was found a relatively simple matter to effect the condensation 
of phenylsuccinic acid with resorcinol, but it was with considerable 
difficulty that a pure crystalline specimen of the product was 
isolated. Phenylsuccinein appears to give two bromo-derivatives, 
one colourless and crystalline, the other red and amorphous. 

The colourless form dissolves in dilute alkali to give an intensely 
red solution which yields on acidification an amorphous, red sub- 
stance. The relation of these substances was not investigated in 
detail, but it may be noted that Pratt, Hutchinson, and Harvey 
(J. Amer. Chem. Soc., 1919, 41, 1293) obtained tetrabromoeosin by 
the bromination of tetrabromofluorescein as a faintly pink substance 
giving intensely coloured solutions in alkali from which acids 
precipitated a voluminous hydrate. 

C ol, (OH) 7. <0-—-GO 
“a (0H pc <c 'H,CHPh’ 
mixture of phenylsuccinic acid a ead and vensmeiend (170 
grams) was heated in an oil-bath at 135° and 19°5 grams of freshly 
fused and finely powdered zine chloride, prepared according to 
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IN. 

Copisarow (T., 1920, 117, 209), were stirred in. The mixture was 

heated for seven hours at 135—145°, by which time the contents of 

the flask had become solid. The melt was dissolved in very dilute 

caustic soda (about 3 per cent.) and then acidified slowly with 
con. § dilute hydrochloric acid, avoiding any temporary local excess of 
other @ scid, which caused the precipitate to “ ball” together. The brown, 
many amorphous precipitate after drying was boiled with alcohol, leaving 
Jt § aresidue of 9 grams, which was dissolved in hot phenol and filtered 
r the § While hot from a small amount of insoluble material ; on the addition 
field § of alcohol to the filtrate a yellow, semi-crystalline substance was 
© the | precipitated. This was collected, washed well with alcohol, and 
scted § heated under reduced pressure at 100° until the odour of phenol 
ation @ disappeared. It melted and decomposed at 249° (Found: C = 
omo. @ 40; H= 4:4. C,.H,,0, requires C = 73°33; H = 4°44 per cent.). 
© no Resorcinolphenylsuccinein is an orange, semi-crystalline substance 
Jed, § very slightly soluble in water and sparingly soluble in alcohol, 
n of § giving a yellow solution with green fluorescence. The dried sub- 
and § stance dissolves slowly in ether, although the freshly precipitated 
and @ materia! dissolves readily. It is readily soluble in acetone or acetic 
ity; | acid, very slightly soluble in benzene, and moderately soluble in 
med § hot phenol. On boiling with benzene, it becomes dark red. 
y to It dissolves in concentrated sulphuric acid forming a deep yellow 
be § solution with a bluish-green fluorescence; with dilute caustic soda 
ebig it gives a red solution which on dilution has an intense green 
five | fluorescence, and a direct comparison showed that the intensity 

was of the same order as with fluorescein in similar circumstances. 
tion A number of other condensing agents were tried for the preparation 
able @ of this succinein, including concentrated sulphuric acid and phos- 
was § Phoryl chloride. Some experiments with stannic chloride, made 
ves, | almost at the end of the work on the phenylsuccinein, seemed to 

show that it could replace zinc chloride with advantage. In another 
sely  ¢Xperiment, the method used by Friedl, Weizmann, and Wyler (T., 
ub. | 1907, 81, 1585) in the making of the fluorescein of 4-hydroxyphthalic 
lin @ 2cid was tried, with favourable results; the method as applied to 
vey & the present case consisted in heating phenylsuccinie acid and 
by § Tesorcinol with a large excess of a concentrated solution of zine 
nee & Chloride. 
pids Bromination of Resorcinolphenylsuccinein. Phenylsuccinyleosin, 

C,HBr,(OH) O-—-CO 
ONG Br,(OH)> CSH, GHPh’ 
~All —Three grams of resorcinolphenylsuccinein were suspended in 20 c.c. 
170 | of alcohol and 6 grams of bromine (slightly more than 4 mols.) 
hly | were dropped in, the succinein going into solution as the reaction 
to | took place, The solvent was allowed to evaporate and the residue 
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rubbed up with benzene, which dissolved the greater part but left 
a faintly coloured residue; this, when recrystallised three times 
from alcohol, gave an almost colourless substance softening at 283° 
and melting at 295°. It became slightly pink on standing in the 
vacuum desiccator (Found: by Robertson’s method, Br = 46-46, 
C..H,,.0;Br, requires Br = 47°33 per cent.). 

The substance dissolves in alkali to give an intensely purple-red 
solution, which on standing deposits an amorphous, brown pre. 
cipitate which no longer dissolves in alkali. If the alkaline solution 
is acidified quickly, a red, amorphous precipitate is obtained which 
can again be dissolved in alkali to give a red solution but not of 
the original intensity. 

A crystalline compound was not isolated from the benzene extract 
of the bromination product. Only a red, amorphous substance 
could be obtained. 


The authors’ thanks are due to the Canadian Honorary Advisory 
Council for Scientific and Industrial Research for the grant of a 
fellowship to one of us (J. A. M.) which enabled him to take part in 
this work. 


Orcanic CHEmIcaL LABORATORIES, 
THE UNIVERSITY, MANCHESTER, (Received, November 3rd, 1922.] 


CCCXXVIII.—The Reactivity of Methyl Groups in 
Heterocyclic Bases. 


By Witi1am Hopson Mitts and James LEONARD BRIERLEY 
. SMITH. 


In its characteristic reactivity, the 2-methyl group in quinaldine, 
«-picoline, and similar heterocyclic bases corresponds in many 
respects with the methyl group in such compounds as the methyl 
ketones or nitromethane, or with the methylene group in 
phenylacetonitrile. 

In these substances, it has long been recognised (for example, 
Henrich, Ber., 1899, 32, 688) that a marked similarity in consti- 
tution exists; the methyl or methylene group is in each case 
attached to a multivalent element, Y, which is in turn doubly 
(or trebly) linked to an element of strongly “ negative ”’ character, 
Z, according to a scheme such as ~—CH,°Y°-Z. 

It is therefore probable that, as was suggested by Henrich* 


* Plancher (Gazzetta, 1898, 28, ii, 417) made a similar suggestion to account 
for the reactivity of the 2-methyl group in 2-methyl-3 : 3-diethylindolenine. 
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compare Vorlinder, Ber., 1902, 35, 4145), the 2-methyl group 
in the bases of the pyridine and quinoline series owes its reactivity 
to its being associated, as represented in the Kérner-Dewar formula 


ut left 
times 


t 283° 
in the @ forpyridine, with a-C:N ~group, the effect of the -C:N- on the methyl 
46-46, goup in the grouping CH,‘C:N- corresponding with that of the 


arbonyl group in the grouping CH,°C:0 of the methyl ketones. 

If this is true, the possibility of the existence of two chemically 
distinct forms of «-picoline is indicated, one (I) with a reactive, the 
other (II) with a non-reactive methyl group. It is scarcely to be 


Om oof) om oma) 
CH, CH, CH,\ JCH, CHPh:CHL )CH:CHPh 
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(II.) (IIL.) (IV.) 
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expected that these two forms could be obtained each apart from 
the other on account of the mobility of the system of linkages 
existing in the pyridine ring; for example, 2 : 6-dimethylpyridine 
(II) gives with benzaldehyde and zine chloride a dibenzylidene 
derivative (IV) (Schuster, Ber., 1892, 25, 2398). 

If, however, by some means, the mobility of the linkings in the 
pyridine ring could be diminished, it might be possible to demon- 
strate a difference of reactivity of the methyl groups attached to 
the carbon atoms on either side of the nitrogen atom. 

There are two obvious methods by which the mobility of the 
linkages in a ring of this kind can be limited. The first consists 
in the fusion of the pyridine ring with a benzene ring so as to pro- 
duce an isoquinoline nucleus. The tendency of each of the two 
six-membered rings to maintain its aromatic character should then 
fix the linkings in the resulting ¢soquinoline nucleus in positions 
corresponding with those assumed in Erlenmeyer’s naphthalene 
formula. Marckwald (Annalen, 1893, 274, 331; 1894, 279, 1) 
has shown that much experimental evidence exists in favour of 
this view. 

The two isomeric «-picolines fused thus with a benzene ring 
give 1-methylisoquinoline (V) and 3-methylisoquinoline (VI), 
respectively. The former compound should contain a reactive, 
the latter a non-reactive, methyl group. 
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The second method of fixing the linkages depends on the possi- 
bility of replacing a -C,H,- group in the pyridine ring by an atom 
of sulphur. This replacement gives, instead of pyridine bases, 
bases of the thiazole series, and the resemblance in physical and 
chemical properties between the compounds of the two series, 
which Hantzsch has described (Annalen, 1889, 250, 258), is even 
more striking than that between benzene and thiophen. In place 
of the two forms of «-picoline we then have 2-methylthiazole 
(VII) and 4-methylthiazole (VIII), and according to the foregoing 
considerations the former should contain a reactive, the latter a 
non-reactive, methyl group. 

Investigation of these isoquinoline and thiazole derivatives has 
shown that in fact the properties of a methyl group adjacent to 
the cyclic nitrogen atom in bases of this type differ in the most 
marked manner according to the side of the nitrogen atom on which 
the group is situated. 

The isomeric 1- and 3-methylisoquinolines were first investigated. 
Their behaviour towards benzaldehyde was compared and was 
found to stand in sharp contrast. 

When 1-methylisoquinoline was treated with benzaldehyde at 
100° in presence of a small quantity of zinc chloride, condensation 
was found to take place readily; water was seen to separate, and 


the condensation product, 1-styrylisoquinoline, crystallised on 
cooling. 


- ial 
UN 
CH:CHPh 


When 3-methylisoquinoline, on the other hand, was heated with 
benzaldehyde and zine chloride under corresponding conditions, 
no condensation took place even after prolonged heating; there 
was no separation of water, and the base and the benzaldehyde 
could both be recovered unchanged. 

The reactivity of the methiodides of the two bases was then 
compared. The reactive character of the 2-methyl group in bases 
like «-picoline and quinaldine becomes greatly enhanced when 
the bases are converted into their quaternary salts. For example, 
«-picoline and quinaldine apparently cannot be made to condense 
with nitrosodimethylaniline. The alkyliodides of these bases, 
however, condense with nitrosodimethylaniline with very great 
ease in alcoholic solution in presence of piperidine to give azo- 
methine derivatives, quinaldine ethiodide for instance giving the 
compound IX (Kaufmann, Ber., 1912, 45, 1736) : 
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Again, quinaldine can be made to condense with p-dimethyl- 


series, 

even ff aminobenzaldehyde, as Mr. E. 8. Dewing and one of us have found, 
place J by heating the two substances together for some hours at 100° 
iazole @ with zinc chloride; but quinaldine cthiodide, in presence of a 


small quantity of piperidine, condenses with this aldehyde even in 
dilute alcoholic solution, giving p-dimethylaminostyryl derivatives, 
such as the compound (X) obtained from quinaldine ethiodide 
(Konig, J. pr. Chem., 1912, [ii], 86, 172; 1921, [ii], 102, 63; Barbier, 
Bull. Soc. chim., 1920, [iv], 27, 427; Pope and Mills, this vol., 

p. 946). 

rte account of the readiness with which these condensations 
take place and the intense colour of the products, they provide 
an exceedingly delicate test for the reactivity of a methyl group 
in bases of the type under consideration. On investigating the 
methiodides of 1- and 3-methylisoquinoline in this manner, a 
difference in reactivity was observed which corresponded exactly 
with that shown by the free bases. 

When 1-methylisoquinoline was heated in alcoholic solution with 
p-dimethylaminobenzaldehyde in presence of a small quantity of 
piperidine, a decp red colour was very rapidly produced and the 
condensation product to which it was due, 1-p-dimethylaminostyryl- 
isoquinoline methiodide, 


tie te 
a J NMel 
CH°CH-C,H,NMe, 
was easily isolated in crystalline form. 

When, however, 3-methylisoquinoline methiodide was treated 
in the same way, no trace of colour characteristic of a p-dimethyl- 
aminostyryl dyestuff appeared and no other evidence of the 
occurrence of condensation could be obtained. 

Similarly, a hot alcoholic solution of 1-methylisoquinoline meth- 
iodide and nitrosodimethylaniline, on addition of a few drops of 
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le, § piperidine, at once became deep purple, evidently on account of 
1se the formation of a dimethylaminoazomethine derivative, whilst 
es, in the corresponding mixture in which the 1-methyl methiodide 
at was replaced by the 3-methyl isomeride, there was no development 
10- of colour. 

he Further, it appears that 1-methylisoquinoline methiodide can 


undergo a cyanine condensation with quinoline alkyliodides, but 
42z*2 


2728 MILLS AND SMITH: THE REACTIVITY OF 


that 3-methylisoquinoline methiodide is unable to take part in 
such a reaction; for on heating the latter methiodide with an 
alcoholic solution of quinoline methiodide and sodium hydroxide 
no colour appeared, but with the former an intense red colour 
was quickly developed and the solution then showed a double 
absorption band in the green similar to that which characterises 
the tsocyanines. 

After the great contrast in the reactivity of methyl groups in 
the 1- and 3-positions in isoquinoline and its quaternary salts had 
thus been demonstrated, we proceeded to examine the methy| 
derivatives of the bases of the thiazole series in a similar manner, 

The simple methylthiazoles are somewhat difficult to prepare. 
Our experiments were therefore carried out with the two isomeric 
compounds, 4-phenyl-2-methylthiazole (XI) and 2-phenyl-4-methyl. 
thiazole (XII), which are readily obtainable by methods described 
by Hantzsch (Annalen, 1889, 250, 269) and Hubacher (Anzalen, 
1890, 259, 236) : 
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The methyl groups in these compounds showed a difference in 
reactivity which was entirely comparable with that of those in the 
two methylisoquinolines. 

The methyl group in 4-phenyl-2-methylthiazole was even more 
reactive than that in 1-methylisoquinoline. The free base entered 
into condensation with benzaldehyde very readily to give 4-phenyl- 
2-styrylthiazole (XIII); it also condensed with phthalic anhydride 
to give the thiazole analogue of quinophthalone (XIV). 


g s 
 \CH:CHPh ( \cH<66 C.H 
amt) yf Ix (XIV) pf ly Cor Cols 


The reactivity of the methiodide was still more pronounced. 
With the greatest facility it gave a p-dimethylaminostyryl deriv- 
ative with p-dimethylaminobenzaldehyde, an azomethine derivative 
with nitrosodimethylaniline, and a dye of the cyanine type with 
quinoline methiodide and alkali. 

In the isomeric base, 2-phenyl-4-methylthiazole (XII), on the 
other hand, the methyl group, at least so far as reactions of the 
type of the foregoing are concerned, was found to be completely 
non-reactive. The free base could not be made to condense with 
benzaldehyde, and the methiodide appeared to be wholly indifferent 
towards p-dimethylaminobenzaldehyde or nitrosodimethylaniline 
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and to be incapable of forming a cyanine dye with quinoline 
methiodide and alkali. 

It is thus perfectly clear that there is a very definite difference 
in the reactivity of a substituent methyl group adjacent to the 
nitrogen atom in isoquinoline and thiazole bases according as it is 
situated on one side or the other of the nitrogen. 

This would appear to provide evidence of some corresponding 
difference between the linkings by which the nitrogen atom in 
isoquinoline and thiazole nuclei is attached to the carbon atom on 
either side of it and thus to support that view of the constitution 
of the nuclei of these heterocyclic bases, which was used as the 
basis of the considerations at the beginning of this paper, according 
to which the atoms are regarded as alternately singly and doubly 
linked, as in Kekulé’s formula for benzene. 

It is nevertheless desirable to consider the facts more closely. 
There is an evident similarity, as has already been stated, between 
the types of reaction of which the methyl groups in these nitro- 
genous heterocyclic bases are capable and those which are char- 
acteristic of the methyl group in the methyl ketones. It appears, 
however, to follow, from the work of Lapworth on acetone (T., 
1904, 85, 30) and that of Dimroth (Ber., 1907, 40, 2404) and K. H. 
Meyer (Annalen, 1911, 379, 59; 380, 212, etc.) on the relative © 
activity of keto- and enol-desmotropes, that the distinctive re- 
activity of the methyl in compounds containing the grouping 
CH,-CO- is dependent on their capability of passing over in a 
greater or less degree into enolic modifications. It is therefore 
exceedingly probable that the capacity of the methyl group as such 
for direct condensation is comparatively slight. 

If this is so, then the marked power which quinaldine, for example, 
possesses of condensing with aldehydes and similar substances 
must be due to the presence, under the conditions of the reaction, 
of a small quantity of a reactive tautomeride with which it exists 
in equilibrium. Such a tautomeride could scarcely be other than 
the substance XV, the constitution of which corresponds closely 
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with that of the enolic modifications of methyl ketones. The re- 
activity assigned to this substance is in harmony with the work of 
K. H. Meyer (Ber., 1921, 54, [8], 2265, 2268), who has given reasons 
for attributing great activity to the groupings NH,°C:CH, and 
NMe,‘C:CH,. There is also evidence from analogy to show that 
there is nothing improbable in the assumption of the limited form- 


2730 MILLS AND SMITH: THE REACTIVITY OF 


ation of such a compound from quinaldine, for the occurrence of 
somewhat similar changes in pyridine and quinoline derivatives jg 
clearly indicated (for example, Marckwald and Meyer, Ber., 1900, 
33, 1885; Fargher and Furness, T., 1915, 107, 688; compare 
Tschitschibabin and R. and A. Konowalowa, Ber., 1921, 54, [B), 
814), and substitution derivatives of this and analogous compounds 
exist (for example, Brunner, Ber., 1898, 31, 1947; Decker and 
Klauser, Ber., 1904, 37, 528; Hamilton and Robinson, T., 1916, 
109, 1035; Mills, this vol., p. 457).* 

It is therefore possible to consider the difference in reactivity 
shown by a methyl group in these heterocyclic bases according as 
it lies on one side or the other of the nitrogen atom not only from 
the point of view of the nitrogen-carbon linkages, but also from 
the different but closely related aspect of tautomeric change. The 
contrast in properties observed in the pairs of isomerides studied 
may be regarded as indicating that passage into a reactive form 
is possible when the methyl group is in the one position, but 
not when it is in the other. 

On this view, the reactivity of the methyl groups in quinaldine, 
lepidine, 1-methylisoquinoline, and 4-phenyl-2-methylthiazole is 
dependent on a power possessed by these bases of passing over to 
some extent into forms of the constitutions : 
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* From this point of view, the reactivity of the methyl group in the 
quaternary salts of quinaldine and similar bases becomes more readily 
intelligible. For the various condensations of these substances with com- 
pounds of the type X:O (aldehydes, nitroso-compounds, etc.) are brouglit 
about in presence of strong bases, such as piperidine—that is to say, under 
conditions under which a certain amount of the quaternary salt must be 
converted by removal of the acid into the N-alkyl derivative of that com- 
pound to which the reactivity of the free base is ascribed. 

The condensations of the quaternary salts may thus be supposed to be 
effected through these methylene bases, which contain the reactive grouping 
-NAIk-C:CH,, as indicated in the following scheme : 
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whilst 3-methylisoquinoline and 2-phenyl-4-methylthiazole are non- 
ractive because they are incapable of corresponding tautomeric 
changes, for these would involve the formation of compounds of 
such formule as : 


B 
as ( \4F OM, ff ee \NH F=-S=Ph ra A py 
and VA IN \ /N| ZACH: CHsi——NH_ CH, : lw 
I16, (XVI.) (XVIII) 


from this, the conclusion would be drawn that in compounds with 
condensed nuclei like quinoline and isoquinoline only such changes 
take place in the heterocyclic ring as are compatible with the 
retention by the benzenoid ring of its full aromatic character; 
and also, probably, that bridged modifications such as XIX and XX 
(the precursors of the forms XVI and XVIII) are not produced to 
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any appreciable extent in the intramolecular vibrations of the 
isoquinoline or the thiazole nucleus. 

The behaviour of the chloro-derivatives of isoquinoline is of 
interest in this connexion. It seems to be a general rule that when 
in a methyl compound, R-CH;, the radicle R is of such a nature 
that the methyl group shows enhanced reactivity, then in the 
corresponding chloro-compound,-RCl, the chlorine also will be 
unusually reactive.* It would therefore be expected that the 
chlorine atoms in 1-chlorotsoquinoline and 3-chlorozsoquinoline 
would show a difference of reactivity parallel to that shown by 
the methyl groups in the two corresponding methylisoquinolines, 
Experiments of Gabriel and Colman have shown that such a 
difference does indeed exist. 

Whilst 1-chloroisoquinoline gives a good yield of csoquinoline 
when heated for three hours with hydriodic acid and red phos- 
phorus at 170—180° (Gabriel and Colman, Ber., 1900, 33, 986), 
3-chloroisoquinoline is not reduced under these conditions; for 
when 1 ; 3-dichloroisoquinoline is heated with the same reagents 
at 170° the 1-chlorine atom only is removed and the resulting 
3-chloroisoquinoline resists further reduction. Complete removal 
of the chlorine so as to produce isoquinoline could only be effected 
by heating with red phosphorus at 200° (Gabriel, Ber., 1886, 19, 
1655). 

* Compare, for example, acetone and acetyl chloride; 2 : 4-dinitrotoluene 
and 2: 4-dinitrochlorobenzene; quinaldine and 1-chloroquinoline. 
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It might be suggested that such reductions are effected through 
the formation and decomposition of additive products and that the 
difference in the mobility of the chlorine in the two positions would 
be accounted for if, as is probable, 1 : 2(or 1 : 4)-additive products 
of isoquinoline are comparatively readily produced whilst 2:3. 
additive products cannot be formed. The unequal mobility of 
the chlorine atoms seems to us, however, rather to indicate 4 
difference in chemical polarity of the carbon atoms to which they 
are attached, probably dependent on a difference between the 
linkings on the two sides of the nitrogen atom such as is indicated 
in the formula with the alternate single and double bonds. 


EXPERIMENTAL. 
A. Derivatives of 1-Methylisoquinoline. 

1-Methylisoquinoline—This base was prepared by the dehydr. 
ation of w-acetylaminophenylmethylearbinol by means of phosphoric 
oxide in boiling xylene according to the method devised by Pictet 
and Gams (Ber., 1910, 43, 2384), the carbinol, in quantities of 
3 grams, being dissolved in 50—60 c.c. of hot xylene and boiled 
gently for twenty minutes with 20—25 grams of phosphoric oxide. 
The preparation of aminomethylphenylearbinol ($-hydroxy-6- 
phenylethylamine) by reduction of benzaldehydecyanohydrin and 
its acetylation were carried out as described by Wolfheim (Ber., 
1914, 47, 1440). 

1-Styrylisoquinoline, CH ,.N-CH:CHPh.—A mixture of 1-methyl- 
isoquinoline with an equimolecular proportion of benzaldehyde and 
a small amount of the zinc chloride compound of the base was 
heated in a sealed tube at 100° for twenty hours. Water separated, 
and the contents of the tube crystallised in long needles on cooling. 
On recrystallisation from alcohol the styrylisoquinoline was obtained 
in almost colourless needles, which melted at 111° (Found: C= 
88-26; H = 5-78. C,,H,,N requires C = 88-31; H = 5-63 per 
cent.). 

1-Methylisoquinoline Methiodide——This quaternary salt, which 
has not been previously described, was prepared by heating the 
base with methyl iodide in a sealed tube at 60° for six hours. It 
is also formed almost quantitatively when a mixture of the base 
and methy] iodide is allowed to remain at the ordinary temperature 
for twenty-four hours. On recrystallisation from absolute alcohol, 
in which it is readily soluble, the methiodide was obtained in almost 
colourless needles, melting at 207-5° (Found : I = 44-44. C,,H,,NI 
requires I = 44-56 per cent.). The compound is sparingly soluble 
in cold, easily soluble in hot water. 
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1-p-Dimeithylaminostyrylisoquinoline Methiodide, 
NMe,°C,H,°CH°:CH-C,H,N(CH,)I. 

—A solution of 1-methylisoquinoline methiodide (2-2 grams), p-di- 

methylaminobenzaldehyde (1-1 grams), and piperidine (0-3 c.c.) 

in absolute alcohol (30 c.c.) gave a red colour immediately on 

heating, and after boiling for three hours red crystals (0-8 gram) 

separated. These were filtered from the hot solution, and after 


they & boiling for four hours more, a further 1-2 grams of crystals were 
the § obtained. On recrystallisation from methyl alcohol, the dyestuff 
ated § was obtained in light red needles with a faint blue reflex. It melted 


and decomposed at 257°, although the melting point varied with 
the rate of heating (Found: C = 57-75; H= 5-03; N = 6-78; 
I= 30-62. C,9H,,N,I requires C = 57-69; H = 5-05; N = 6-78; 
I= 30-53 per cent.). The colour in dilute solution is orange; it 
is discharged by acidification with mixed acids, but reappears on 
dilution or addition of alkali. 

The dyestuff is a weak photosensitiser; the extra sensitiveness 
conferred on the gelatino-bromide plate extends approximately 
to the D line for moderate exposures. Its photo-sensitising action 
is considerably weaker than that of the isomeric 2-p-dimethyl- 
aminostyrylquinoline methiodide. 

When 1-methylisoquinoline methiodide is heated with nitroso- 
dimethylaniline and piperidine in alcoholic solution, a deep ruby 
colour is developed. It is therefore to be concluded that con- 
densation takes place with the formation of an azomethine deriv- 
ative. When the methiodide is heated with alcoholic soda and 
quinoline methiodide, an intense red colour develops in a few 
minutes, and the solution shows the double absorption band in 
the green, characteristic of the tsocyanines, whence it appears 
likely that 1-methylisoquinoline methiodide, like quinaldine meth- 
iodide, can undergo: the isocyanine condensation. Owing to lack 
of material, these reactions were not further investigated. 


B. 3-Methylisoquinoline. 


3-Methylisoquinoline—This base was piepared from o-cyano- 
phenylacetonitrile according to the method described by Gabriel 
and Neumann (Ber., 1892, 25, 3563). By acetylation, treatment 
with sodium hydroxide and then with sulphuric acid, o-cyano- 
phenylacetonitrile is converted into 3-methylisocarbostyril, and from 
this 3-methylisoquinoline may be obtained, either by converting 
it into the 1-chloroisoquinoline and reducing this with hydriodic 
acid in sealed tubes, or by distillation with zinc dust in a stream 
of hydrogen. We found the reduction by zinc dust to be the better 
method, as it gives practically as good a yield and is much quicker. 


2734 MILLS AND SMITH: THE REACTIVITY OF 


3-Methylisoquinoline and Benzaldehyde—This base could not be 
made to condense with benzaldehyde in the presence of anhydrous 
zine chloride. 

3-Methylisoquinoline (0-7 gram), benzaldehyde (1-01 grams), and 
a granule of anhydrous zinc chloride were heated in a sealed tube 
for forty-four hours at 100°; there was no indication of the form. 
ation of water, and the contents of the tube could not be induced 
to solidify on cooling. 

The liquid in the tube was dissolved in ether and extracted 
several times with dilute sulphuric acid. The separated ethereal 
solution was found to contain 0-90 gram of benzaldehyde, and on 
the addition of alkali to the sulphuric acid solution, the unchanged 
base (0-5 gram) melting at 66° was obtained. This was converted 
into the picrate, which melted at 197°. (The pure base melts at 
66°, and the picrate at 197°.) 

3-Methylisoquinoline Methiodide —This compound, which has not 
been previously described, was obtained by heating the base with 
methyl iodide in a sealed tube at 50° for four hours. On recrystal- 
lisation from absolute alcohol, in which it is easily soluble, the 
methiodide was obtained in lustrous, golden needles, which melted 
at 219° (Found: I = 44-49. C,,H,,NI requires I = 44-56 per 
cent.). It is easily soluble in hot water or hot dilute alcohol. 

This methiodide could not be made to condense either with 
p-dimethylaminobenzaldehyde or with nitrosodimethylaniline in 
alcoholic solution in the presence of piperidine, nor would it con- 
dense with quinoline methiodide in presence of alcoholic sodium 
hydroxide solution to give a cyanine dye. 


C. Derivatives of 4-Phenyl-2-methylthiazole. 


4-Phenyl-2-styrylthiazole-—4-Phenyl-2-methylthiazole was _ pre- 
pared from acetamide and phenacyl bromide as described by 
Hantzsch (Anzalen, 1889, 250, 269). 

On heating an equimolecular mixture of this base and _ benz- 
aldehyde with a granule of anhydrous zinc chloride in a sealed 
tube for thirty-six hours at 100°, water separated, and the con- 
tents of the tube crystallised in long needles on cooling. On 
recrystallisation from absolute alcohol, the substance was obtained 
in colourless, shining needles, melting at 131-5° (Found : C = 77-20, 
77-44; H = 4-94, 5-20. C,,H,,NS requires C = 77-56; H = 4-95 
per cent.). 

4-Phenyl-2-thiazolylphthalonylmethane, 

HC—S CO./\ 
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—4.Pheny]-2-methylthiazole (4 grams), phthalic anhydride (3 grams), 
and anhydrous zinc chloride (3 grams) were heated in a sealed tube 
for six hours at 190°. The contents of the tube dissolved readily 
in concentrated sulphuric acid at 100°, and on pouring this solution 
into much water, a brown powder was precipitated, which was 
collected and washed. It was recrystallised from glacial acetic 
acid, in which it is readily soluble, when the phthalone was obtained 
in dark brown needles. On recrystallisation of this from absolute 
alcohol, in which it is sparingly soluble, the dyestuff was obtained 
in light brown, shining needles, which melted at 257° (Found : 
N=45. C,gH,,0,NS requires N = 4-6 per cent.). 

The substance is quite insoluble in caustic soda, and its dilute 
solution in alcohol dyes silk a faint yellow shade. It is almost 
insoluble in ether, and it is considerably deeper in colour than the 
corresponding quinophthalone. 

4-Phenyl-2-methylthiazole Methiodide, CyyH,NS,CH,I.—This meth- 
iodide was made by heating the base with methyl iodide in a sealed 
tube at 80° for twenty-four hours. On recrystallisation from hot 
water, in which it is easily soluble, the methiodide was obtained in 
colourless, shining needles, melting at 202°. It is easily soluble in 
hot absolute or dilute aleohol (Found: I = 40-07. C,,H,.NIS 
requires [ = 40-07 per cent.). 

4-Phenyl-2-p-dimethylaminostyrylthiazole Methiodide—On_heat- 
ing a solution of 4-phenyl-2-methylthiazole methiodide (7 grams) 
and p-dimethylaminobenzaldehyde (3°3 grams) in absolute alcohol 
(80 c.c.) with piperidine (1 c.c.), a red colour developed immediately, 
and after boiling for forty minutes, red crystals (5 grams) were 
deposited from the boiling solution, and a further 1 gram separated 
at the end of the hour. On recrystallisation from methyl alcohol, 
the dyestuff was obtained in ruby-red crystais with a bluish-green 
metallic reflex. It melts and decomposes at 243°, but the melting 
point varies with the rate of heating (Found : C = 53°43; H = 4°90; 

= 28°39; S= 7:18. CypH,,N.IS requires C = 53°57; H = 4°69; 
I = 28°35; S = 7:14 per cent.). 

The colour in dilute solution is a deep orange, and is discharged 
by acids, but reappears on dilution or addition of alkali. The 
dyestuff is a photosensitiser, and the extra sensitiveness conferred 
on the gelatino-bromide plate extends to A 6200, with a maximum 
at X 5500 for moderate exposures. 

4-Phenylthiazole-2-aldehyde p-Dimethylaminoanil Methiodide.—A 
solution of 4-phenyl-2-methylthiazole methiodide (5 grams) and 
nitrosodimethylaniline (2°5 grams) in absolute alcohol (90 c.c.) 
gave a red colour in the cold on the addition of piperidine (0°15 c.c.), 
and after boiling for fifteen minutes, bright green crystals (6 grams) 
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separated from the boiling solution, and about half a gram mor 
was obtained after a further four hours’ boiling. On recrystal. 
lisation from methyl alcohol, the dyestuff was obtained in red 
crystals with an intense green metallic reflex. It melted and 
decomposed at 228°, but the melting point varied somewhat with 
the rate of heating (Found: C = 50°60; H = 4:58; I = 28-45. 
S = 7:07. CygHygNgIS requires C = 50°77; H = 4:46; I = 28-99. 
S = 7°13 per cent.). 

The colour in solution is a deep ruby-red, which is discharged 
by acids with great ease, but reappears on dilution or addition of 
alkali. 

4-Phenyl-3-methyl-2-thiazolenyl-4-quinolylmethane Methiodide, 


—A solution of 4-phenyl-2-methylthiazole methiodide (4 grams), 
quinoline methiodide (7-2 grams), and sodium hydroxide (0°71 gram) 
in absolute alcohol (80 ¢.c.) gave an intense red colour on heating, 
and after boiling for thirty minutes, a semi-crystalline precipitate 
was formed on cooling. On recrystallisation from methyl alcohol, 
the cyanine dyestuff was obtained in red crystals with a bluish- 
green metallic reflex, melting and decomposing at 240° (Found: 
I = 27°73; S= 6°73. C,,H,,N,IS requires I = 27°83; S = 6-99 
per cent.). 

The colour in solution is a deep orange-red, and is discharged 
by acidification, but reappears on dilution or addition of alkali. 
The dyestuff is a photosensitiser, and the extra sensitiveness con- 
ferred on the gelatino-bromide plate extends to A 6000, with a 
maximum at A 5300, for moderate exposures. 


D. 2-Phenyl-4-methylthiazole. 


2-Phenyl-4-methylthiazole and Benzaldehyde.—2-Phenyl-4-methy]- 
thiazole was made from thiobenzamide and monochloroacetone, 
according to the method described by Hubacher (Annalen, 1890, 
259, 236), and was found to boil at 282°/762 mm. Hubacher 
describes it as a liquid : we obtained it in colourless crystals melting 
at 29°5°. 

This base failed to react with the equivalent amount of benz- 
aldehyde in the presence of anhydrous zinc chloride, when heated 
in a sealed tube for ninety-six hours at 100°. The unchanged 
base melting at 29° was recovered from the acid aqueous extract 
of the contents of the tube, and the ethereal extract, on oxidation 
with potassium permanganate, yielded an amount of benzoic acid 
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corresponding with 90 per cent. of the benzaldehyde originally 
taken. 

2-Phenyl-4-methylthiazole Methiodide-—This quaternary salt was 
obtained in a 70 per cent. yield by heating the base with methyl 
jodide in a sealed tube for forty-eight hours at 90°. 

It is formed with far less readiness than the methiodide of the 
isomeric 4-phenyl-2-methylthiazole, an almost theoretical yield of 
which was obtained when the base was heated with methyl iodide 
for twenty-four hours at 80°. The difference of reactivity towards 
alkyl iodides of the nitrogen in the two systems, ‘;CMe*N:CPh- 
and <CPh*N:CMe-, in which the methyl and phenyl groups are 
interchanged, is noteworthy. 

On recrystallisation from hot water, in which it is fairly soluble, 
the methiodide was obtained as faintly yellow prisms which melted 
at 192°. It is easily soluble in hot dilute or absolute alcohol 
(Found: I = 40°16. (C,,H,,NIS requires I = 40-07 per cent.). 

When this methiodide (4 grams) and p-dimethylaminobenz- 
aldehyde (2 grams) were boiled in absolute alcoholic solution 
(40 c.c.) with piperidine (0°4 c.c.) for fifteen hours, the solution 
assumed the brownish-red tinge which is produced when an alcoholic 
solution of p-dimethylaminobenzaldehyde is boiled for a long time 
with piperidine, but no evidence that any condensation had taken 
place could be obtained. 

On evaporation of the alcohol, a red, semi-crystalline, tarry mass 
remained, which was well washed with ether and extracted several 
times with boiling water. In the aqueous solution was found the 
unchanged methiodide (3°8 grams). In a similar manner, it was 
proved that, after six hours’ boiling of the methiodide and nitroso- 
dimethylaniline with piperidine in alcoholic solution, no con- 
densation had taken place; thus showing a great contrast with 
the methiodide of 4-phenyl-2-methylthiazole, which gave an 85 
per cent. yield of condensation product with nitrosodimethylaniline 
in the presence of piperidine after boiling the alcoholic solution 
for only fifteen minutes. No condensation of 2-phenyl-4-methyl- 
thiazole methiodide with quinoline methiodide in alcoholic soda 
solution could be effected. 
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CCCXXIX.—Preparation of a-Trioxymethylene and a 
New Polymeride of Formaldehyde. 
By Davzie, LLEWELLYN HAMMIcK and ALFoRD REGINALD Bourg, 


Pratest (Gazzelta, 1885, 14, 139) prepared «-trioxymethylene, 
(CH,O);, a colourless, crystalline substance melting at 61°. He 
obtained it by heating the amorphous, polymerised form of form. 
aldehyde known as paraform with “a trace” of sulphuric acid 
in a sealed tube at 115°. 

Pratesi’s work could not be repeated by Kraut (Annalen, 1899, 
258, 95), by Auerbach and Barschall (Arb. Kais. Gesundheit. Amt., 
1905—6, 27, 220), or by Dunlop (T., 1914, 105, 1155). Auerbach 
and Barschall (loc. cit.), however, prepared the substance by sublim- 
ing paraform (or a mixture of $- and y-polyoxymethylenes) in a slow 
current of nitrogen into a small quantity of ice-water. They give 
63—64° as the melting point of the pure substance, purified by 
recrystallisation from ether or by sublimation. 

Attempts to repeat Pratesi’s method of preparation using “dry” 
paraform (containing about 1 per cent. of moisture) met with no 
success. Moreover, many experiments were carricd out before the 
precise conditions were found under which the substance could be 


prepared in reasonable yields by Auerbach and Barschall’s method. 
As described below, it has, however, been found possible to prepare 
a«-trioxymethylene in about 10 per cent. yield by a modification of 
Pratesi’s method, in which considerable quantities of sulphuric 
acid and water are used instead of “‘ a trace’ of acid. Directions 
are also given for preparing the substance in a yield of about 20 per 
cent. by Auerbach and Barschall’s method. 


e-Polyoxymethylene : a New Polymeride of Formaldehyde. 


«-'Trioxymethylene, purified by repeated sublimation at 46° in 
a beat, closed and exhausted tube, was found to melt at 64°. After 
eight sublimations, a trace of moisture apparently still remained 
(as indicated by mistiness forming on the cool parts of the tube 
before the deposition of the slender needles of «-trioxymethylene 
occurred). The last traces of water were removed by recrystallisation 
from sodium-dried ether, which was evaporated by a current of 
dry air. The crystals thus obtained melted at 64°, as before; but 
on resubliming at 46° in an exhausted tube the dry substance was 
found to behave differently from the slightly moist preparation, 
The sublimate appeared in the form of large, stout prisms instead 
of the usual long needles. Many of the prisms were not entirely 


trans) 
the ti 
end 0 
by r 
conv¢ 
requ 
Th 
meth 
distit 
meri 


a-TRIOXYMETHYLENE AND A NEW POLYMERIDE, Etc. 2739 


ansparent but contained white, opaque regions. On inverting 
the tubes and resubliming, «-trioxymethylene passed to the cold 
ead of the tube, leaving behind a white, silky, paper-like substance. 
by repeated sublimation, the whole of the a-trioxymethylene was 


REE, § wonverted into this substance (Found : C = 39-9; H = 6-6. [CH,O], 
lene requires C = 40-0; H = 6-7 per cent.). 
He The compound is thus a polymeride of formaldehyde (e-polyoxy- 


methylene). It is doubly refracting, although it possesses no 
distinct crystalline form. It melts with decomposition and depoly- 
merisation at 195—200° (uncorr.). On heating in an open tube, the 
smell of formaldehyde is noticed and a white sublimate is obtained 
which melts at 163°. This substance is probably one (or several) of 


ae the polyoxymethylenes described by Auerbach and Barschall (loc. 
lim. @ ci.), all of which melt below 170°. 
low «-Polyoxymethylene is insoluble in water, sodium sulphite solution, 
rive and the usual organic solvents. Like the other polyoxymethylenes, 
by it dissolves in boiling nitrobenzene and separates as an amorphous 
powder on cooling. No measurable depression of the freezing point 
,” ff of nitrobenzene was found. On boiling with ammoniacal silver 
‘no @ titrate, the surface of the substance blackens, but no silver mirror 
the @ 8 obtained and the liquid remains clear; in this respect, the new 
be @ Polymeride is clearly differentiated from the previously known 


polymerides. It could not be acetylated by the method of Barnett 
(J. Soc. Chem. Ind., 1921, 40, Sr) and therefore probably contains 


no hydroxyl groups. 
ric ‘ ' a - 
i Preparation of «-T'rioxymethylene : Modification of Pratesi’s Method. 
er Paraformaldehyde (19 parts) and a mixture of equal volumes of 


sulphuric acid and water (1 part) were placed at the bottom of glass 
tubes (18 x 1”) closed at one end. The open ends were drawn 
out and sealed after exhaustion of the tubes by the water-pump. 
The ends of the tubes containing the formaldchyde-acid mixture 
were immersed in an oil-bath at 115°. Long, slender needles began 
almost immediately to form in the cool parts of the tubes. After 
about fifteen minutes, the tubes were removed, the portions con- 
taining the crystalline «-trioxymethylene cut off, and the crystals 
scraped out. 

Owing to the fact that methyl formate and other volatile liquids 
are produced in the tubes (Dunlop, loc. cit.) the heating in the oil- 
bath must be stopped as soon as liquids begin to condense on the 
cool parts of the tubes. If this precaution is not taken, the «- 
trioxymethylene is washed out of the upper portions of the tubes and 
cannot be regained. 

The yields obtained by this method, after purification by resub- 
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limation, were about 10 per cent. calculated on the formaldehyde 
used. 


Preparation of «-Trioxymethylene : Auerbach and Barschall’s Method. 


The success of Auerbach and Barschall’s method was found to 
depend on the volume of the “ small quantity of water ” into which 
the above workers sublimed paraformaldehyde. They do not 
specify the actual amount of water used; it was found, however, 
that 40 grams of ice-water per 100 grams of paraformaldehyde (or 
B- and y-polyoxymethylenes) gave the most satisfactory results. 

As found by Auerbach and Barschall, the mixture of 8- and y-poly. 
oxymethylenes obtained by slowly adding 4 volumes of concentrated 
sulphuric acid to 10 volumes of 40 per cent. “ formalin ” and keeping 
for two days in the ice-chest, gave better yields of «-trioxymethylene 
than crude paraform. The mixture of polyoxymethylenes was 
placed in a round flask fitted with a cork carrying a tube for leading 
in a current of carbon dioxide and a short, wide, bent tube leading 
below the surface of ice-water in a test-tube immersed in ice and 
water. The flask was heated rapidly to 200° in an oil-bath, a slow 
current of carbon dioxide being maintained through the apparatus 
until the contents of the flask had passed into the ice-water. 

The ice-water solution was distilled with the aid of a short 
fractionating column. If too little water had been used to absorb 
the products of the sublimation of the polyoxymethylenes in 
carbon dioxide, the condensate was jelly-like and on distillation 
choked the column and condenser with solid products. Too much 
water led to poor yields. With the quantities given above (100 of 
£- and y-polyoxymethylene to 40 of water in the receiver) the product 
distilled easily and gave a substance which on the addition of sodium 
chloride and extraction with ether yielded «-trioxymethylene to the 
extent of about 20 per cent. calculated on the original polymerised 
formaldehyde. 

Summary. 


i, «-Trioxymethylene can be prepared by heating paraform- 
aldehyde in sealed tubes with water and sulphuric acid. 

ii. The conditions necessary for the successful use of Auerbach 
and Barschall’s method for the preparation of «-trioxymethylene 
are recorded. 

iii. A new polymeride of formaldehyde, «-polyoxymethylene, is 
obtained by the repeated sublimation of dry «-trioxymethylene. 


Tue Dyson Perrins LABORATORY, 
OxForD. [Received, November 4th, 1922.] 
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(CCX XX.—Syntheses of Alkylidenecyanoacetic Acids 
and of Substituted Succinic Acids. Part II. Prepar- 
ation of Acids containing Saturated Aliphatic 
Residues and the Constitution of the Aliphatic 
Alkylidenecyanoaceiic Esters. 


By ArtHurR LapworTH and JOHN ALEXANDER McRAg. 


In Part I (this vol., p. 1699), the authors dealt with some synthetic 
processes for preparing substituted «-cyanoacrylic acids from 
sodium chloroacetate, potassium or sodium cyanide, and aldehydes 
containing aromatic residues, and mainly in connexion with the 
conversion of «-cyanoacrylic acids into the substituted succinic 
acids through their hydrogen cyanide additive products. Omitting 
the first stage in the synthetic process used, namely, the production 
of potassium or sodium cyanoacetate from the chloroacetate and 
cyanide, the stages involved may be summarised by means of the 


“ following schemes : 
W 
tus (a) R-CHO + CH,(CN)-CO,X —> R-CH:C(CN)-CO,X + H,O. 


(b) R-CH:C(CN)-CO,X + KON + H,O —> 
R-CH(CN)-CH(CN)-CO,X. + KOH. 

(c) R-CH(CN)-CH(CN):CO,X —> R-CH(CO,H)-CH(CO,H), —> 
R-CH(CO,H)-CH,*CO,H + CO,. 


ion 
ch Equations (a), (b), and (c) are of general applicability and X may 
of & be H or alkyl. ‘The paper mentioned dealt only with cases where 


X = H. 
The present communication deals with aspects of these processes 
which present themselves when aldehydes and ketones containing 


the group, -CH-CH-CO-, characteristic of the majority of the more 
familiar aliphatic carbonyl compounds, are used. 

At the outset of these experiments it was clear that in aldehydes 
and ketones of this type, new complications might arise owing to 
several circumstances which are absent when aldehydes such as 
benzaldehyde, piperonal, etc., are used. In order that these cir- 
cumstances may be made clear, it is necessary to refer in some 
detail to the theory of the synthetic processes which seem to be 
involved. 

The ethylenic linkage is normally associated with a high reactivity 
towards the halogens, ozone, or permanganate, reagents which may 
be said to belong to Class I, and the compounds in which it occurs 
are as a rule profoundly and permanently affected by these reagents. 
On the other hand, it shows no appreciable reactivity towards 
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potassium cyanide, sodium hydrogen sulphite, or hydroxylamine, 
reagents which may be said to belong to Class IT. The carbony| 
group, on the other hand, is not permanently altered by reagents 
of Class I, but forms additive compounds of fairly permanent 
character with reagents of Class IT. 

When, however, an ethylenic linkage occurs in the «-position 
with respect to the -CO- or -CN group, it exhibits properties which 
may be described as intermediate between those of the normal 
ethylenic linkage and those of the carbonyl group, for it then not 
only assumes the power of uniting with agents of Class IT, towards 
which in other situations with regard to these groups it is apparently 
inert, but what is equally significant, its activity towards agents of 

Class I falls off to a marked degree. 

The capacity of the ethylenic linkage in unsaturated aldehydes, 
ketones, and nitriles to unite with the agents of Class II * is well 
known to organic chemists, and the low activity towards agents 
of Class I, although probably less familiar, could scarcely escape the 
notice of those who have frequent occasion to handle such «3. 
unsaturated compounds. Bauer (Ber., 1904, 37, 3317) directed 
attention to the inhibiting effect on the addition of bromine, of 
*CO,H, -CO,Alk, and -CN in certain unsaturated compounds; 
Sudborough and Thomas (T., 1910, 97, 715) made measurements 
of the speed of absorption of bromine by various types of un- 
saturated carboxylic acids and found that the By- and yS-unsaturated 
acids reacted many thousands of times more rapidly than the 
«8-unsaturated isomerides. 

The authors are not aware of any instance in which a single 
ethylenic linkage is capable of taking up the elements of the 
reagents of Class II, except when situated in the «$-position with 
respect to *CO* or ‘CN, though doubtless ‘NO, and -SO,Alk would 
be effective in the same way as these groups. 

It is on such considerations that the views hereinafter expressed 
are based. In the first instance, they point to the conclusion that 
only «f-unsaturated cyanoacetic acids and esters (IV in the follow- 
ing scheme) are directly concerned in the synthesis of succinic acids 
by Bredt and Kallen’s and Lapworth’s methods, and that the 
®y-unsaturated acids and esters (III in the following scheme) are 
not capable of uniting with potassium, sodium, or hydrogen cyanide 
or other reagents of Class II except after transformation into the 
«8-unsaturated isomerides. 

The scheme which follows represents reactions which may be 


* To the agents of Class II may be added compounds such as nitromethane, 
ethyl malonate, and ethyl acetoacetate (compare the Michael and allied 
reactions) and their sodio-derivatives. 
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ysumed to occur when an aliphatic aldehyde or ketone (I) is 
ondensed with eyanoacetic acid or its ester. 


(L) R'CHR’-COR’” -+- CH,(CN)CO,X —> 
(.) R-CHR’-CR’”’(OH)-CH(CN)-CO,X 


a ™ 
mm) R°CR’!CR’’”-CH(CN)-CO,X R’-CHR’-CR’C(CN)CO,X (1Vv.) 


where X = H, C,H,, etc., and R’, R”, and R’”’ = H, CH, ete. 

It will no doubt be very generally accepted that the “ aldol,” II, 
is probably the first of the series of definite intermediate products 
and that IIL or IV, if formed at all, are products of subsequent, 
possibly reversible, changes and are perhaps mutually intra- 
convertible. 

At the outset of the research, it seemed probable that (IT) might 
prove much more stable than the corresponding products, 
ArCH(OH)-CH(CN)-CO,X, formed from aromatic aldehydes (com- 
pare Part I). It was found, however, that in each case tried the 
products of addition of hydrogen cyanide to (LIV) were, in fact, 
formed, and therefore it became clear that there was no real arrest 
at stage (IT). There remained the question whether (II) is to a 
greater or less extent transformed into (III) and whether (IIT) 
accumulates or is transformed into (IV) in the conditions used. 

There were some a priori reasons for thinking that formation of 
(III) might account for the low yields of succinic acid derivatives 
formed when aliphatic aldehydes and ketones were used. Previous 
authors have concluded that the unsaturated esters which are made 
by condensing aliphatic aldehydes and ketones of type (I) with 
ethyl sodiocyanoacetate and decomposing the resulting sodio- 
derivatives with water or acids are @y-unsaturated esters, and held 
that, they were formed by reactions such as the following : 


(d) X-CH,-CH:0 —> X-CH:CH-OH (enolisation). 

(e) X-CHICH-OH -- CHNa(CN)-CO,Et —> 
X-CH:CH-CNa(CN):C'O, Ft -|- HO. 

(f) XeCHICH-CNa(CN)-CO,Et + HCL —> 
X-CH:CH-CH(CN)-CO,Et -- NaC. 


Here equation (¢) originated in a hypothesis first put forward by 
Rogerson and Thorpe (T., 1905, 87, 1685) and its apparent applic- 
ability here was considered to support that hypothesis. 

The conclusion that the esters in question are Py-unsaturated 
derivatives (Harding, Haworth, and Perkin, T., 1908, 93, 19438; 
Haworth, ibid., 1909, 95, 480; Gardner and Haworth, ibid., 1909, 
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95, 1955; Harding and Haworth, ibid., 1910, 97, 486) was based on 
the fact that when the esters are hydrolysed and the products 
converted into monocarboxylic acids with loss of carbon dioxide, 


the monocarboxylic acids are of the ®y-unsaturated type. Braun ons 
(Monatsh., 1896, 17, 218) and Strassmann (ibid., 1897, 18, 722) had a ; 
previously obtained analogous results on elimination of carbon ae 
dioxide from alkylidenecyanoacetic acids (compare also Knoevenagel “ ‘ 
and his pupils, J. pr. Chem., 1918, [ii], 97, 288). vdopt 


The present authors decided that they were likely to obtain 
most definite light on the processes taking place in their syntheses § 8'CE 
by studying the properties of the supposed fy-unsaturated alkyl. 
idenecyanoacetic esters, but were surprised to find that the behaviour (4) 
of these towards agents of Class I and Class II corresponded closely 
with that of the «$-unsaturated type, to which there can now be f th 
little or no doubt they must, in fact, be referred. Apart from the addit 
fact that the esters made by the condensation of the aldehydes 
and ketones with ethyl sodiocyanoacetate do not appear to differ (5) 
in any way from the esters formed on condensing these with 
ethyl cyanoacetate itself by the employment of various agents, able 
such as piperidine in small quantities, the following points may (CH 
be cited in favour of the view that the unsaturated esters in question J,’ 
are of the «B- and not of the By-type : 

(1) These esters do not unite rapidly with bromine or ozone, 
and this peculiarity is, as has already been indicated, characteristic ethy 
of «8-unsaturated forms. othe 

(2) Like the other esters in question, that made by condensing 


in 
cyclohexanone with cyanoacetic ester is very inert towards bromine " ' 
or ozone. By the action of phenacyl bromide on its sodio-derivative, fj ,, ¢ 


however, it yields a crystalline phenacyl derivative which reacts 
very readily with these agents, but not with cyanides or bisulphites. T 
This phenacyl derivative, therefore, has properties which show 
that it does not belong to the same type as the parent ester, and 


the 

this view is in agreement with the constitution, 
CH,--CHsx. 1 A) 

CH,< CH, CH, > C’C(CH,COPh)(CN )CO,Et, alde 


which was assigned to it by Harding, Haworth, and Perkin (T., 1908, J ‘°" 
93, 1958). The distinction in properties between this and the Rv 
parent ester is readily understood only if, as is now maintained, fj 4 


° the 

the latter has the structure CH GH CHE > CC(CN) COLE. pre 
(3) The esters are attacked very readily by solutions of potassium § &X¢ 
or sodium cyanide, yielding metallo-derivatives (V), stable in 1 


aqueous solution, identical with those obtained in another way by § &P 
Higson and Thorpe (T., 1906, 89, 1455) and, like the compounds § ° 
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frst isolated by these workers, convertible by hydrolysis, with loss 
of carboxyl, into substituted succinic acids. As has been pointed 
out above, ready combination at an ethylenic linkage with potassium, 
odium, or hydrogen cyanide is characteristic of «-unsaturated 
carbonyl compounds or nitriles. The metallo-derivatives in question 
(V) are no doubt formed in accordance with the following equation, 
in which the conventional formula, with sodium attached to 
earbon, also used by Higson and Thorpe, is for convenience 


adopted : 


R'CHR’*CR’’’-C(CN)-CO,X + NaCN —> 
R’-CHR’-CR’”’(CN)-CNa(CN)-CO,X. (v.) 


(4) They yield additive products with sodium hydrogen sulphite 
very readily, dissolving rapidly in not too concentrated solutions 
of this salt in the cold. This reaction, like other processes of 
addition of strongly polar agents to ethylenic linkages, is char- 
acteristic of «8-unsaturated esters, acids, ketones, aldehydes, etc. 

(5) When ethyl heptylidenecyanoacetate is oxidised with ozone 
in presence of water, it yields heptaldehyde without any detect- 
able quantity of hexaldehyde. Had the fy-unsaturated ester, 
(,H,,-CH:CH-CH(CN)-COEt, been present in appreciable amount, 
it would have been oxidised much more readily than the «$-un- 
saturated ester (compare I above), and hexaldehyde would readily 
have been detected. The ester made by condensing acetone with 
ethyl cyanoacetate, like ethyl heptylidenecyanoacetate and all the 
other esters of the series which have been examined from this 
point of view, reacts slowly with ozone, and the products which 
are obtained by decomposing the ozonide with water are only such 
as the ozonide of the «$-unsaturated ester, (CH;),C°C(CN)-COEt, 
should afford (Scheiber and Meisel, Ber., 1915, 48, 238). 

The following is the explanation which the present authors 
consider to be the only one consistent with all the data so far as 
they are known : 

The condensation products of ethyl cyanoacetate with aliphatic 
aldehydes and ketones which contain the group -CH-CO- have a 
very labile molecular system. The free esters have the structure 
R’-CHR’’-CR’’C(CN)-CO,Et, whatever the structure of the sodio- 
derivatives may be, although the presence of small quantities of 
the By-isomerides in equilibrium with the «$-isomerides which 
constitute the large bulk of the fluid esters is not necessarily 
excluded. 

The structure of the sodio-derivatives is more problematical, 
especially as no final decision has yet been reached by chemists 
on the question of the constitution of such compounds as ethyl 


2746 LAPWORTH AND MCRAE: SYNTHESES OF 


sodiocyanoacetate itself. At least four structures suggest they. 
selves in the present instance, namely : 


R’-CNaR”-CR’””’: <0, Et R’-CR’”:CR’”’s CNa<O, Et 
(VI.) (VII.) 
4. 47 he C:NNa / ‘ 47° 444 
R”-CR’“CR C<CO, Et R’-CR”:CR CK (OEt)‘ONa 
(VIII) (IX.) 


and possibly a mixture of all four of these is present in solutions 
of the sodio-derivatives. If, however, the possibility of such 
sodio-derivatives existing with sodium attached directly to carbon 
be not admitted, then either (VIII) or (IX), or both, must be 
adopted, and this requires that the sodio-compound is derived 
from the Sy-isomeride of the free ester (V). The present authors, 
whilst not inclined wholly to adopt the latter view, consider 
that the bulk at least of the dissolved metallo-compound is derived 
from the Sy-form of the ester. The properties of the alkylated 
cyano-esters obtained by the action of alkyl iodides and bromides 
on the sodio-derivatives correspond with those of Sy-unsaturated 
esters (that is, VII, with Na replaced by Alk). 

In (V), the formula deduced for the free esters, the ethylenic 
linkage appears conjugated with unsaturated centres in the cyano- 
and carbethoxy-groups. In (VIII) and (IX), the most probable 
formule for the sodio-derivatives, the ethylenic linkage again 
appears conjugated, but with the double linkages denoted by the 
signs **, The lability of structure in these products is no doubt 
associated with the tendency to retain conjugated structures and 
with the powerful induced polarities due to the simultaneous and 
homogenous influence of the powerful cyano- and carbethoxy- 
groups (compare X and XI). 

Whilst the high reactivity of the free esters towards hydrogen 
sulphite and cyanide might have been attributed to the occurrence 
of a preliminary isomeric change from a By- to an «$-unsaturated 
type, their low reactivity towards ozone and bromine decides 
against that interpretation of the data. 

The authors have not succeeded in isolating the pure alkylidene- 
cyanoacetic acids from the very mixed products which are obtained 
when aliphatic aldehydes and ketones are condensed with sodium 
cyanoacetate in aqueous solution. So far as all the indications 
derived from the results of the experiments can be interpreted, it 
would appear that the free acids and their salts, like the esters, 


* It may be observed here that (VIII) corresponds with Nef’s formula 
for ethyl sodiocyanoacetate and (1X) with Thorpe’s. 
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have the «®-unsaturated structure. The production of y-un- 
saturated monocarboxylic acids when the esters or the free acids 
are fully hydrolysed and decarboxylated is readily to be explained 
with the aid of the observations of Riiber (Ber., 1905, 38, 2743), 
yho has shown that elimination of carbon dioxide from «$-un- 
saturated acids often leads to a migration of the double bond to 
the 8y-position. The greater stability of the unsaturated mono- 
carboxylic acids (X) as compared with their «-cyano-derivatives 
(XI) is easy to understand, as in the latter the induced positive 
polarity of the y-hydrogen atom, with which “ lability ” of hydrogen 
atoms in carbon compounds is apparently always associated, is 
greatly enhanced by the presence of the homogeneously situated 
and powerful cyano-group. 


+- + = + 
(X.) H-CRCR’”-CR’”’H:CO,H 


foc 
(XI.) H-CR/7CR”-CR’”"<CO2H 
gt ae he +7 

As previously stated, the authors consider that the bulk, at least, 
of the metallo-derivatives of the alkylidenecyanoacetic esters are 
derived from the fy-forms of the esters, which themselves are 
28-unsaturated forms. It is worth while to point out that the 
assumption here made, namely, that a hydrogen atom may virt ually 
be ‘‘ borrowed ”’ from the y-position in an «$-unsaturated ester in 
the process of forming a sodio-compound derived from the fy- 
wusaturated form, is not one invented to suit the present case, 
but was previously made use of by one of us as part of a gencral 
explanation of the reactivity of hydrogen atoms in the meta-position 
in the benzene series and in the related y-position in the nitro- 
toluenes and in ethyl crotonate (T., 1901, 79, 1272). 

The yields of substituted succinic acids which the authors were 
able to obtain from aliphatic aldehydes and ketones by Lapworth’s 
process (addition of hydrogen cyanide to crude salts of alkylidene- 
cyanoacetic acids; loc. cit.) were not so satisfactory as when 
aromatic aldehydes were used (Part I), but the data render it very 
improbable that the relatively poor yields are due to the inability 
of the forms (II) or (III) to undergo transformation into (IV). 
Hydrogen cyanide is always absorbed much more slowly by the 
free unsaturated acids or their metallic salts than by the corre- 
sponding esters (compare this vol., p. 50) and this gives oppor- 
tunity for by-reactions, which otherwise might be negligible, to 
assume importance. 

The observations of Hope and Sheldon (this vol., p. 2223 e¢ seq.) 
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are entirely consistent with the views expressed in the presen 
paper. In all cases, those cyanoglutaconic esters which contaiy 


the grouping -C:C(CN)CO,Et, or are capable of conversion jnt, 
isomerides which contain this complex by mere migration of 
the double bond and transference of a hydrogen atom, react wit 
potassium cyanide solution. Ethyl «-cyano-«$y-trimethylglutaconi¢ 
ester, CO,Et-CMe(CN)-CMe:CMe-CO,Et, a fy-unsaturated cyano 
acetic ester which cannot undergo the required preliminary change, 
is inert. It is evident that even potassium cyanide solution may 
cause migration of the double bond in unsaturated cyanoacetic 
esters, and in dealing with this class of compounds it is now 
abundantly clear that conclusions based on the apparent “‘ direct. 
ness of the facts”? (compare Farmer, this vol., p. 2016) must be 
subjected to very strict scrutiny. 


ExPERIMENTAL. 


(A) Condensation of Aliphatic Aldehydes and Ketones with Sodium 
Cyanoacetate. 


(1) Heptaldehyde—When purified heptaldehyde is shaken with 
somewhat less than one molecular proportion of sodium cyano. 
acetate in water which has been made slightly alkaline with sodium 
hydroxide, the mixture after a few minutes assumes an appear- 
ance which suggests that a salt has begun to crystallise out, but 
soon afterwards the whole becomes homogeneous. In the latter 
case, very little heating takes place, but if a considerable excess 
of sodium hydroxide is used, a marked rise in temperatur 
takes place. Similar results are also observed if piperidine in 
small or large quantity respectively is used as condensing agent. 
The origin of the secondary heat effect has not been discovered, 
but it may possibly be due to acceleration of the stage repre 
sented by equation II (p. 2743), that is, the elimination of 
water from the intermediate hydroxylic or aldol-like condensation 
product. 

The mixed acids obtained by condensing heptaldehyde with 
sodium cyanoacetate in aqueous solution under a variety of con- 
ditions have been isolated and subjected to a prolonged examin- 
ation in the hope of ascertaining their true character. It i 
unnecessary to enter into detail, and sufficient to state that the 
product appears to be of a very mixed character, is highly viscous, 
and shows very little tendency to deposit crystals; it slowly lose 
water on exposure in a desiccator, and if titrated after about 
month against standard alkali, has an “equivalent”? which i 


ALKYLIDENECYANOACETIC ACIDS, ETC. PART II. 2749 


approximately 184. It is perhaps a mixture of heptylidenecyano- 
ycetic acid and possibly 6-hydroxy-y-cyanononoic acid, 
C,H,,°CH(OH)-CH(CN)-CO,H,* 

with other more complex products. Fiquet’s heptylidenecyano- 
acetic acid (m. p. 114°) was not isolated, but on one occasion a 
small quantity of a sodium salt separated during the condensation 
of the heptaldehyde and sodium cyanoacetate which gave an 
impure crystalline acid (m. p. 85—92°) having the chemical char- 
acteristics of Fiquet’s acid. Aniline hydrochloride, which was 
found to be excellent as condensing agent in the case of benz- 
aldehyde and sodium cyanoacetate (this vol., p. 1701), was useless 
in the present instance. 

A considerable number of experiments were made on the reduc- 
tion of the crude products with sodium amalgam, as the aromatic 
cyanoacrylic acids may readily be converted into their dihydro- 
derivatives in this way. Thus it was hoped that the heptylidene- 
eyanoacetic acid, for example, might be converted into heptyl- 
eyanoacetic acid and this into nonoic acid or its nitrile by suitable 
treatment. There was apparently little action and no more than 
traces of these products were found. Subsequent experiments in 
these laboratories have shown that the reduction of the aliphatic 
eyanoacrylic acids by means of sodium amalgam follows quite a 
different course from that expected, and the subject will be dealt 
with in later communications. 

(2) Acetaldehyde——The acid products obtained by condensing 
acetaldehyde with sodium cyanoacetate in aqueous solution resemble 
those from heptaldehyde, and no pure constituent was isolated. 
The equivalent of the viscous acid product after evaporating the 
ethereal solution obtained on extracting it from the acidified 
reaction mixture was about 141, whilst CH,-CH°C(CN)-CO,H 
requires 111. Thus the crude acid appears to contain an impurity 
of high molecular weight. The crude product was, in this case, 
further investigated by shaking it with sodium hydrogen sulphite, 
which readily converts the «-unsaturated esters into stable additive 
products (compare p. 2745). From 13-7 grams of crude acids 
there were isolated 2-7 grams (20 per cent.) of a material insoluble 
in the aqueous solution; on acidifying the aqueous solution and 
extracting with ether, 6-3 grams (45 per cent.) of a viscous acid 
were obtained which after exposure for some time in a desiccator 
over sulphuric acid had an equivalent of roughly 135 [the hydroxy- 


* Experiments made by one of us (J. A. M.) on the mixture obtained by 
conJensing ethyl cyanoacetate with heptaldehyde, using magnesium methyl 
iodide to detect the presence of hydroxyl, did not furnish any evidence of 
the presence of appreciable quantities of the hypothetical aldol-like compound. 

VOL. CXXI. 5A 
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acid, CH,-CH(OH)-CH(CN)-CO,H, requires 129]. Thus only some 
54 per cent. of the product behaved as the «8-unsaturated acid was 
expected to do, namely, to remain dissolved in the acidified sodium 
hydrogen sulphite solution and to be incapable of being extracted 
from it by ether. It will be shown later that at least 42—53 per 
cent. of the acetaldehyde used in such a condensation may he 
converted into methylsuccinic acid. 


(B) Conversion of the Crude Alkylidenecyanoacetic Acids into 
Alkylsuccinice Acids. 

(1) n-Hexylsuccinic Acid from Heptaldehyde-—Oenanthol (25 
grams) is condensed with sodium cyanoacetate as made from 
25 grams of monochloroacetic acid by the process described by 
Phelps and Tillotson (Amer. J. Sci., 1908, [iv], 26, 267), using 
4 c.c. of 20 per cent. caustic soda as condensing agent. After half 
an hour or longer, the liquid is shaken with a little ether to remove 
unchanged oenanthol, made neutral by addition of acetic acid, 
and finally mixed with potassium cyanide (18-9 grams) in water 
(60 c.c.) and acetic acid (14-6 grams) in water (30 c.c.), the total 
volume being 350 c.c. The whole is allowed to remain five days 
at room temperature, when it is made thoroughly acid with hydro- 
chloric acid, the oily deposit extracted with ether, and after 
evaporation of the latter, hydrolysed by means of fuming hydro- 
chloric acid (150 c.c., saturated at 0°), first in the cold and finally 
at the boiling point. The semi-solid acid formed is easily collected 
and washed with water. It becomes crystalline after prolonged 
boiling with dilute nitric acid, which removes most of the im- 
purities, and was identified as hexylsuccinic acid (m. p. 82°. Higson 
and Thorpe, T., 1906, 89, 1470, gave m. p. 87°); the yield of crude 
product was 60 per cent. of that theoretically possible from the 
quantity of heptaldehyde used. 

The somewhat impure n-hexylsuccinic acid was converted through 
the anhydride into the anilic acid; this, when recrystallised from 
benzene, melted at 121° (Higson and Thorpe, loc. cit., gave m. p. 121°). 
The equivalent found was 280; C,H,,*CH(CO,H)-CH,°CO-NH-C,H; 
requires 277. 


C,H,3)*CO 


C NH.—tThis was prepared by 


converting the acid into its ammonium salt (well-formed crystals 
with a fatty texture), and distilling this under a pressure of 12 mm., 
when it passed over at 160—190° and solidified in the receiver. 
The imide separated from benzene on addition of light petroleum 
in clusters of silky needles melting at 91° (Found: N=7%. 
Cj 9H,7,0O,N requires N = 7-65 per cent.). 


n-Hexylsuccinimide, Ten 
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(2) Methylsuccinic Acid from Acetaldehyde.—On replacing hept- 
aldehyde in the preceding condensation by acetaldehyde, it was 
found that the titre of unchanged cyanide in the second part of 
the process fell only very slowly * and the process was therefore 
aecelerated by heating the solution for ten hours on the water- 
bath. The product was acidified with excess of hydrochloric acid, 
evaporated to dryness, the residue being then hydrolysed with 
fuming hydrochloric acid, finally on the water-bath, until evolution 
of carbon dioxide ceased. The methylsuccinic acid was isolated by 
evaporating to dryness and extracting in a Soxhlet apparatus with 
acetone; it became semi-solid after boiling with dilute nitric acid 
and cooling, and in this crude condition represented a yield of 
about 53 per cent. of the theoretical quantity calculated on the 
weight of acetaldehyde used. In a second experiment under 
similar conditions, a yield of 42 per cent. of practically pure methyl- 
succinic acid (m. p. 110°) was isolated. 


(C) Attempted Extension to Ketones. 


Preliminary experiments made in the hope of extending the 
application of the use of solutions of crude sodium cyanoacetate 
for the preparation of dialkylsuccinic acids from ketones were 
made and evidence was obtained that dimethylsuccinic acid could 
be obtained from acetone in this way, but in very small yield only. 
No appreciable quantity of a substituted succinic acid was obtained 
from cyclohexanone. The contrast between these results and those 
with aldehyde are in accordance with the fact that 68-disubstituted 
acrylic acids are formed less readily than the 8-monosubstituted 
acids and also react much less readily with additive reagents 
(compare this vol., p. 51). 


Investigation of some Aliphatic Alkylidenecyanoacetic Esters. 


In view of the great practical difficulties encountered in studying 
the very mixed products obtained by condensing aliphatic aldehydes 
with salts of cyanoacetic acid it was thought desirable, before 
proceeding further along these lines, to concentrate on one of 
the several problems involved, and as the esters of the alkylidene- 
cyanoacetic acids are the only derivatives of the intermediate 
products which have previously been isolated in a pure condition, 
the study of these was taken up. Owing to the difficulty experi- 
enced in separating pure ethyl ethylidenecyanoacetate from 


* It has recently been shown by Higginbotham and Lapworth (this vol., 
p. 49) that free unsaturated acids take up hydrogen cyanide much more 


slowly than the corresponding esters. 
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unchanged ethyl cyanoacetate the experiments did not include 
the former compound. 

(1) Experiments on Ethyl Heptylidenecyanoacetate, 

C,H,3°CH:C(CN)-CO, Et. 

—tThis substance was made by condensing ethyl cyanoacetate and 
heptaldehyde in molecular proportions with the aid of piperidine 
(about 1 drop per 4-5 grams of mixture) at room temperature for 
three hours and working up the product by dissolving it in ether, 
washing out the piperidine with dilute acid and water successively, 
drying, and fractionating three times under reduced pressure. The 
ester boiled at 144—145°/13 mm. and represented a yield of 32 per 
cent. of the theoretical quantity; of the remainder, about an 
equal weight could be distilled over at 190°/13 mm. 

Ethyl heptylidenecyanoacetate (ethyl «-cyano-8-n-hexylacrylate) 
reacts very slowly with bromine at the ordinary temperature, 
When boiled with alcoholic potassium hydroxide, it gives off 
ammonia and heptaldehyde. 

When the ester is shaken with a moderately dilute solution of 
‘sodium hydrogen sulphite for a few minutes, it dissolves com- 
pletely except for a trace of oily impurity; if the solution used is 
very concentrated, the additive product is salted out as an oil 
which instantly dissolves on addition of water.* It has not been 
found possible to regenerate the ester from the resulting solution 
nor has the additive product in this instance been isolated in a 
crystalline condition. 

If a solution of potassium cyanide be substituted for one of 
sodium hydrogen sulphite, somewhat similar results are obtained; 
the product is the stable and soluble potassium derivative of the 
dicyano-ester, C,H,,*CH(CN)-CH(CN)-CO,Et (compare Higson and 
Thorpe, T., 1906, 89, 1455), which is precipitated as an oil on 
addition of mineral acid. On hydrolysing this crude oil by means 
of hydrochloric acid, hexylsuccinic acid may be obtained in quantity 
corresponding with 85 per cent. of the possible amount calculated 
on the ethyl heptylidenecyanoacetate originally taken. 

Addition of sodium ethoxide to an alcoholic solution of the 
ester at once gives rise to a golden-yellow coloration, doubtless due 
to the formation of the sodio-derivatives of the isomeric Py-ester 
(compare p. 2746). 

The ester reacts very slowly with ozone. In one experiment, 4 
stream of ozonised oxygen was passed through 5 grams of the 
ester for sixteen hours, the product was then warmed gently with 
water to decompose any ozonide formed, and the whole subjected 


* Later experiments have shown that some of these additive products 
may be obtained readily enough in crystalline form. 
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to distillation in a current of steam. The first 50 c.c., which 
mmelled strongly of heptaldehyde, was diluted to 300 c.c. with 
water and mixed at 90° with a solution of 1 gram of semioxamazide 
in 300 c.c. of water. The precipitate obtained was collected, 
washed with water, and recrystallised from 85 per cent. alcohol; 
it weighed 0-9 gram, softened at 224° and melted at 227°, and had 
all the properties of heptaldehydesemioxamazone, 
C,H,,°CH:N,H-CO-CO-NH,, 
in admixture with a sample of which the melting point was 
unchanged (Found: N = 21-1. C,H,,0O,N, requires N = 21-2 per 
cent.). 

It may be added that the later part of the distillate from the 
decomposition of the ozonide contained only a trace of heptaldehyde 
together with unchanged ester. The absence of any appreciable 
quantity of hexaldehyde in the distillate and therefore of #y-un- 
saturated ester in the original heptylidenecyanoacetic ester thus 
appears certain. 

When the yellow solution made by mixing heptylidenecyanoacetic 
ester in alcoholic solution with sodium ethoxide (1 mol.) was heated 
with benzyl chloride for several hours, the ester was converted 
into an oily mixture from which no large fraction of constant 
boiling point could be obtained. It was clear that the reaction is 
a complex one, and analysis of one fraction, boiling at 176— 
178°/12 mm., indicated that it was a mixture of ethyl «-cyano-«- 
benzyl-A*-nonenoate, C;H,,*CH:CH-C(CH,Ph)(CN)-CO,Et, and the 
nitrile, C;H,,-CH:CH-CH(CH,Ph)-CN, probably arising from the 
former under the influence of sodium ethoxide with loss of ethyl 
carbonate (compare Ingold and Thorpe, T., 1919, 115, 143). It 
was inert toward solutions of potassium cyanide or sodium hydrogen 
sulphite. 

An attempt to prepare a crystalline phenacyl derivative by sub- 
stituting w-bromoacetophenone for benzyl chloride in the operation 
described in the preceding paragraph (compare Harding, Haworth, 
and Perkin, T., 1908, 93, 198 and this vol., p. 2755) was not in 
this case successful. 

On adding bromine (1 mol.) to the solution made by mixing 
ethyl heptylidenecyanoacrylate and sodium ethoxide in equi- 
molecular proportions, a precipitate of sodium bromide was at 
once produced, but some bromine remained free. The ester was 
found to be converted into a viscid liquid which could not be dis- 
tilled undecomposed and which on analysis by Robertson’s method 
was found to contain only 16 per cent. of bromine in place of the 
27-7 per cent. which is required for the monobromo-derivative of 
the original ester. As the product instantly liberated iodine from 
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acidified potassium iodide, it is probable although not certain that 
the bromine was present in the «-position and not the y-position, 
The non-utilisation of a full molecular proportion of bromine in 
the above experiment and the low content of bromine in the product 
are probably to be accounted for by the occurrence of a reaction 
of the type, 


2C,.H,,0.NNa + Br, = C,,H,,0,N, + 2NaBr, 
corresponding with the well-known conversion of ethyl sodioaceto. 


acetate into ethyl diacetylsuccinate. 
(2) Experiments on Ethyl cycloHexylidenecyanoacetate, 
CH,°CH. 
CHO cH”: C(CN)-CO, Et. 
—This substance was selected as one more likely to be persistent 


in the y-unsaturated form, CH<oH SCH, > C°CH(CN)-COxEt, 


which structure was the one selected for it by Harding, Haworth, 
and Perkin (T., 1908, 93, 1956), who accordingly termed it ethyl 
a-cyano-Al-cyclohexeneacetate. 

The ester was made by one of the methods described by the 
previous workers (loc. cit., p. 1958), the yield being 53 per cent. 
It boiled at 160—163°/15 mm. This ester dissolves quickly when 
shaken with a strong aqueous solution of potassium cyanide. 
Dilute sodium hydrogen sulphite solution dissolves it completely 
in the course of twelve hours. Bromine and also ozone react with 
it very slowly. 

Two grams of the ester were subjected to the action of a current 
of strongly ozonised oxygen for four days, the ozonide formed 
being subsequently decomposed by hot water and the product 
subjected to distillation with a current of steam. The greater 
part of the ester seemed to be unchanged, but the first portion of 
the distillate smelled strongly of cyclohexanone and yielded the 
p-nitrophenylhydrazone (m. p. 144°) of that compound without 
difficulty. The latter substance was identified further by analysis 
(Found: N = 18-2 per cent.). The ketone is not found in the 
steam distillate in appreciable quantity when the ester has been 
ozonised for a few hours only. 

Action of Potassium Cyanide on Ethyl cycloHexylidenecyano- 
acetate. Formation of 1-Carboxycyclohexyl-1-acetic Acid, 

CHy< Gif GH? > C(CO,H)-CH,*CO,H. 
—Ethyl eyelohexylidenecyanoacetate (10 grams) was dissolved in 
50 c.c. of 95 per cent. alcohol, and to this was added potassium 
cyanide (7-0 grams = 2 mols.) in 15 c.c. of water; a considerable 
rise in temperature took place. The mixture was allowed to stand 
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two days, after which the alcohol was distilled off. On acidifying, 
an oil was precipitated which soon became crystalline. This pre- 
cipitate was treated with fuming hydrochloric acid (80 c.c.), saturated 
at 0°, and after remaining over-night in the ice-chest the whole 
yas heated under reflux until evolution of carbon dioxide ceased. 
Qn cooling, an oil, which quickly became crystalline, separated ; 
this weighed 7-6 grams, corresponding with 88 per cent. of the 
calculated quantity. The crude acid was recrystallised several 
times from hot water with the aid of animal charcoal, when it 
melted constantly at 132°. It crystallised in plates. A portion 
heated with resorcinol and zinc chloride gave, on addition of alkali, 
a solution showing intense green fluorescence (Found : C = 57:84; 
H= 7-50; equivalent by titration, 93. C,H,,0, requires C = 
58-07; H = 7-53 per cent., equivalent = 93). 


aceto. 


istent 
O.Et, 


orth, 
ethyl 


Reactions of a True By-Unsaturated Cyanoacetic Ester. 


In order to obtain direct evidence bearing on the assumption 
that a By-unsaturated cyanoacetic ester of the type represented by 
Harding, Haworth, and Perkin for ethyl cyclohexylidenecyanoacetate 
would behave towards ozone much like an ordinary ethylenic 
compound, the crystalline phenacyl] derivative, 

CH, < CH” CHS, 0-C(CH,-COPh)(CN)-CO,Et, 

a Vit, 
described by them, was prepared. This is certainly a Py-un- 
saturated ester and, as was anticipated, was found to react 
with ozone very readily; when a slow current of ozonised 
oxygen was passed through a solution of 2 grams of this compound 
in 5 e.c. of dry chloroform, a marked rise of temperature took 
place and in a few minutes the solution was entirely changed in 
properties, presenting the appearance of a thick jelly. It may be 
added that this compound also took up bromine with avidity in 
marked contrast with the behaviour of the parent «f-unsaturated 
ester, and was inert towards solutions of potassium cyanide or 
sodium hydrogen sulphite. 
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CCCXXXI.—The Interaction of Diazonium Salis and 
Phenols. 


By FRepDERIcK DANIEL Cuattaway and Henry Rowianp Hu, 


THE usual method of formulating the reaction which takes 
place when a solution of a diazonium salt is added to an alkaline 
solution of a phenol does not make sufficiently clear that it almost 
certainly consists of two parts, of which only the first can rightly 
be regarded as a diazonium reaction. The second is a typical 
intramolecular change and follows a course similar to that taken 
in other atomic rearrangements resulting in phenolic substitution. 

In the first part of the reaction, the phenoxide ion forms with 
the diazonium ion an additive compound which transforms in 
the second part into a mixture of the o- and p-hydroxyazo-iso- 
merides. Both these by similar addition and intramolecular 
change yield the hydroxy-2 : 4-bis- and finally the hydroxy-2 : 4 : 6- 
tris-azo-compound exactly as phenol under the action of nitric 
acid yields successively a mixture of o- and p-nitrophenol, 2 : 4- 
dinitrophenol, and picric acid. The first reaction may be formu- 
lated thus : 

Ar-N,° + C,H,;*O’ —> C,H,°O-N,°Ar 
the second thus : 
O-N,Ar 


0. -~Q- O™ 


The subsequent one of the hydroxy-bis- and _ -trisazo- 
compounds similarly consists of two parts and, omitting the stages 
of the preliminary addition to the fresh quay of diazonium 
salt, should be formulated thus : 


O-N,Ar 


N,A 
8 ae ty O-N,Ar Pn 
O-N, Rin, NN, Ar init 2" oAr —> Anat 
() “7 O* \ 


N,Ar 
N,Ar 


The reactions of p-chloro-, p-bromo-, and p-iodo-benzenediazonium 
salts with phenol follow precisely this course and result in the 
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formation in each case of the isomeric ortho- as well as the well- 
known para-hydroxyazo-compound. This simultaneous formation 
of the o-isomeride has been observed previously in only two cases 
(compare Bamberger, Ber., 1900, 33, 3188). 


Hint, The corresponding hydroxybisazo-compounds have been pre- 
tak pared, but the hydroxytrisazo-compounds which are formed by 
. aaa the further interaction of the diazonium salt and the hydroxy- 


bisazo-compounds have not been isolated as they are difficult to 
free from the bis-compounds, which they closely resemble in 
properties; the unsubstituted 2 : 4 : 6-trisbenzeneazophenol, which 
is more easily purified, has been isolated by Grandmougin and 
Freimann (Ber., 1907, 40, 2662). 


pe The ortho-hydroxyazo-compounds are formed in very small 
me amounts relatively to the para. They may easily be isolated by 


taking advantage of their slight volatility in steam, the para- 


)-is0- : i : Mes, 
sales jsomerides not being volatile in steam. 
1:6 The hydroxybisazo-compounds are formed by adding a cooled 


solution of the diazonium salt to a cooled alkaline solution of 
either the o- or p-hydroxyazo-compound and subsequently acidi- 
fying. The hydroxytrisazo-compounds are produced similarly 
from an alcoholic alkaline solution of the 2: 4-bisbenzeneazo- 
compounds. 


EXPERIMENTAL. 
4’-Chloro-2-benzeneazophenol, C,H,Cl-N,°C,H,-OH.—Ten grams 
of p-chloroaniline, dissolved in 20 c.c. of concentrated hydrochloric 
acid and 60 c.c. of water, were diazotised and slowly added with 
constant stirring to 8 grams of phenol dissolved in enough 20 per 
cent. caustic soda to ensure the mixed liquids remaining alkaline. 
After some five minutes’ standing, acetic acid was added in slight 


_ excess and the mixture of 4’-chloro-2- and -4-benzeneazophenol, 
§es which was thrown down as a light pink, finely divided precipitate, 
= was filtered off and exhaustively steam distilled for about five 


hours. The ortho-compound, which only came over slowly in 
small amount, separated from the distillate in the condenser and 
receiver as a light yellow solid. 

The yield of ortho-compound amounted to about 1 per cent. 
of the theoretical, the other 99 per cent. consisting of the long- 
known para-compound. 

To purify the crude product it was again steam distilled and 
finally recrystallised from alcohol, in which it is easily soluble 
and from which it separates in long, very slender prisms of a bright 
reddish-orange colour, m. p. 117-5°. 

It is moderately easily soluble in most organic solvents and in 


alkali giving a yellow solution, but it is insoluble in water and 
5 a* 
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dilute acids (Found: Cl = 15-38. C,,H,sON,Cl requires (] = 
15-24 per cent.). The deep red para-compound remaining afte 
steam distillation was used as the starting material for the 
preparation of the bis-compound. 

The other 2-azophenols described were prepared by the same 
method with slight necessary modifications. 

4’. Bromo-2-benzeneazophenol, C,H, Br-N,°C,H,-OH, was prepared 
from p-bromoaniline and phenol and isolated exactly as described 
above. The yield obtained was about 0-6 per cent. of the theoretical, 
It is readily soluble in alcohol, and crystallises in slender prisms 
of a bright reddish-orange colour decidedly redder in shade than 
those of the corresponding chloro-compound ; m. p. 133-5 ° (Found: 
Br = 29-10. C,,H,ON,Br requires Br = 28-84 per cent.). 

4’-[odo-2-benzeneazophenol, C,H,I-N,°C,H,-OH, crystallises from 
alcohol, in which it is somewhat sparingly soluble, in long, very 
slender, needle-like prisms of a bright scarlet colour, m. p. 139°. 
The yield was about 0-6 per cent. of the theoretical (Found: 
I = 39-30. C,,H,ON,I requires I = 39-17 per cent.). The increase 
of the red shade in the colour of these compounds with the rise 
in atomic weight of the halogen is worth noting. 

2-0-Tolueneazophenol, C,H,Me-N,°C,H,-OH.—Coupling in this 
case, the only one in which an ortho-substituent was present in 
the aniline, was much slower than in the others. On mixing, 
no colour appeared till several minutes had elapsed, and _ the 
reaction was not so clean as in the other cases, some tarry matter 
separating on acidification. The yield of the ortho-compound 
was only about 0-4 per cent. of the theoretical, the well-known 
para-compound being again the chief product. 

2-0-T'olueneazophenol is readily soluble in boiling alcohol and 
separates in long, very slender, needle-shaped crystals of a beautiful 
golden-red colour, m. p. 88° (Found: N = 13-24. C,3H,,ON, 
requires N = 13-21 per cent.). 

The hydroxybisazo-compounds are all easily made by adding 
a solution of a diazonium salt to an alkaline solution of either an 
hydroxy-o- or an hydroxy-p-azo-compound and subsequently acidi- 
fying. They are all solids of a dull brown colour which are not very 
readily dissolved by boiling organic solvents and which separate on 
cooling as microcrystalline powders. They all dissolve in aqueous 
alkalis, forming deep brownish-red solutions. 

4’: 4". Dichloro-2 : 4-bisbenzeneazophenol, OH-C,H,(N,°C,H,Cl)..— 
This compound is produced when a solution of p-chlorobenzene- 
diazonium chloride is added to an alkaline solution either of 
4’-chloro-2- or -4-benzeneazophenol. It is moderately easily 
soluble in boiling glacial acetic acid, giving a brown solution, 
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fom which it separates on cooling in nodular aggregates of minute 

tals. It melts with decomposition at 210-211° (Found: 
(i= 19-09. C,,H,,ON,Cl, requires Cl = 19-06 per cent.). Its 
constitution was established by reducing it in glacial acetic acid 
glution with tin and hydrochloric acid. After removing the 
tin by hydrogen sulphide, a colourless solution was obtained which 
smewhat rapidly oxidised and became reddish-brown. On 
evaporation to dryness, a reddish-brown, crystalline mass was 
left which, when heated for some minutes with acetic anhydride, 
yielded the triacetyl-2:4-diaminophenol, m. p. 180°, described 
by Kehrmann and Bahatrian (Ber., 1898, 31, 2399). 

As this bis-compound can be obtained either from the previously 
described compound melting at 117-5° or from the well-known 
4’chloro-4-benzeneazophenol, the former must have the ortho- 
configuration assigned to it. 

The constitution of the other ortho-azo and bisazo-compounds 
described was similarly established. 

4’: 4’. Dibromo-2 : 4-bisbenzeneazophenol, OH-C,H,(N.°C,H,Br),, 
separates from boiling glacial acetic acid, in which it is sparingly 
soluble, in yellowish-brown, crystalline nodules similar to those 
of the bischloro-compound but somewhat darker in shade. It 


it M # resembles the corresponding chloro-compound closely in properties 

“ing, # and melts with decomposition at 224° (Found: Br = 35-40. 
the § C,,H,,ON,Br, requires Br = 34-74 per cent.). 

se 4’ : 4’. Di-iodo-2 : 4-bisbenzeneazophenol, OH-C,H,(N.°C,H,I)., 

un 


separates from boiling glacial acetic acid, in which it is very sparingly 
soluble, in nodular crystalline aggregates of a dark brown colour, 
m. p. 208° (Found: I= 45-94. C,,H,.ON,I, requires I = 
45-81 per cent.). 
A number of isomeric bis-derivatives containing different azo- 
groups have been prepared. 
4-p-Chlorobenzeneazo-2-benzeneazophenol, 
C,H,Cl-N,°C,H,(OH)-N,Ph, 
forms minute crystals of a yellow-brown colour, m. p. 165° 
(Found: Cl = 10-61. C,,H,,0N,Cl requires Cl = 10-53 per cent.). 
2-p-Chlorobenzeneazo-4-benzeneazophenol crystallises in small, 
yellow crystals, m. p. 133° (Found: Cl= 11-70. C,gH,,ON,Cl 
requires Cl = 10-53 per cent.). 
4-p-Bromobenzeneazo-2-benzeneazophenol forms aggregates of 
minute, brown crystals, m. p. 178° (Found: Br = 21-30. 
C,,H,,ON,Br requires Br = 20-97 per cent.). 
2-p-Bromobenzeneazo-4-benzeneazophenol forms nodular aggregates 
of small, brown crystals, m. p. 147° (Found: Br = 21-00. 
C,,H,,ON,Br requires Br = 20-97 per cent.). 
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4-p-lodobenzeneazo-2-benzeneazophenol forms aggregates of 
minute, dark brown crystals, which decompose on heating at 
about 160° (Found: I = 29-70. C,gH,,ON,I requires I = 29-64 
per cent.). 

2-p-Iodobenzeneazo-4-benzeneazophenol crystallises in nodules 
of minute, dark brown crystals, m. p. 119° (Found: I = 30-02, 
C,,H,,0ON,I requires I = 29-64 per cent.). 

2-p-Bromobenzeneazo-4-p-tolueneazophenol forms aggregates of 
minute, light brown crystals, m. p. 192° (Found: Br = 20-64. 
C,,H,,ON,Br requires Br = 20-22 per cent.). 

4-p-Bromobenzeneazo-2-p-tolueneazophenol forms aggregates of 
minute, light brown crystals, m. p. 213° (Found: Br = 20-30, 
C,,H,,ON,Br requires Br = 20-22 per cent.). 

It may be noted as an interesting point in connexion with these 
mixed bisazo-compounds that in every case the compound with 
the azo-group containing the halogen in the para-position has a 
much higher melting point than its isomeride. 
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CCCXXXTI.—The Behaviour of the Stannic Acids 
towards Solutions of Alkaline Hydroxides. 


By GrorcE Ernest CoLiins and Jonn Kerroot Woop. 


In a former paper (this vol., p. 444) dealing with the structure 
of the stannic acids, the authors put forward the hypothesis that 
8-stannic acid is a salt-like complex formed by a continued process 
of condensation between molecules of stannic hydroxide acting as 
acid and base, respectively. In a second paper (this vol., p. 1122), 
it was pointed out that the hypothesis would lead one to expect 
that the more complex varieties of stannic acid would be capable 
of being resolved into less condensed forms by the action of strong 
acids and bases, an expectation which is in accordance with well- 
established facts. In the paper referred to, the behaviour of the 
stannic acids towards hydrochloric acid was fully discussed ;_ the 
present communication deals with the results of experiments in 
which different modifications of stannic acid have been submitted 
to the action of solutions of alkaline hydroxides. 

The general principles which underlie the action of alkalis upon 
the stannic acids are similar to those which have been fully dis- 
cussed in connexion with the action of hydrochloric acid upon 
the same substances (loc. cit.). Although it is impossible, owing 
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to the rapidity with. which subsequent changes take place, to obtain 
an adsorption isotherm, it is probable that alkali is first of all 
adsorbed by the stannic acid and that this adsorption is followed 
by chemical action between the two substances. This chemical 
action, as in the case of the behaviour towards hydrochloric acid, 
may follow two courses, the one leading, under favourable con- 
ditions, to the peptisation of the stannic acid, and the other bringing 
about the gradual disintegration of the original complex acid and 
leading to the formation of a less condensed modification of stannic 
acid. 

The chief difference between the action of alkaline hydroxides 
and that of hydrochloric acid on the stannic acids lies in the fact 
that both peptisation and the reversal of the «-8 change are brought 
about more easily by the former reagents than by the latter; such 
behaviour is quite in accordance with what has been previously 
stated with reference to the relative values of the basic and acidic 
affinities of stannic hydroxide (this vol., p. 444). Owing to the 
acidic properties being the more highly developed, a given sample 
of stannic acid will tend to form salts with adsorbed alkalis which 
are more stable and less liable to suffer hydrolysis than those formed 
with adsorbed acids. As peptisation takes place as a result of 
the electrical charge which the complex acquires through the ionisa- 
tion of these salts, it is evident that a solution of potassium hydroxide 
will be a more efficient peptising agent than a solution of hydro- 
chloric acid of equivalent concentration, for the simple reason 
that the former substance will be able to form a larger amount of 
salt than the latter, and so lead to the complex becoming more 
highly charged than is possible with the acid reagent. 

On the other hand, owing to the acidic properties of stannic 
hydroxide being more highly developed than the basic ones, it 
naturally follows that the salt-like complex resulting from the 
condensation of stannic hydroxide will be more readily decomposed 
by a solution of potassium hydroxide than by one of hydrochloric 
acid of similar concentration. 

Since peptisation of the stannic acids by acids and alkalis is 
brought about in accordance with the same general principles, it 
follows that the comparative behaviour of different modifications 
of stannic acid towards alkaline hydroxides will be analogous to 
that shown towards hydrochloric acid. The critical concentration 
of alkali necessary to bring about the peptisation of a sample of 
stannic acid will therefore be the greater the more condensed the 
acid is, that is, the more completely it has acquired the #-nature. 
Conversely, the ®-sols should be more readily coagulated by the 
addition of an excess of alkali than the sols formed from the «-acid, 
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as the repression of the ionisation of the alkaline salt of the -acid, 
and consequent reduction of the charge carried by the complex 
particles, would be more readily brought about than with the salt 
of the «-acid. Various observations in the literature are in agree. 
ment with the conclusion drawn above regarding the relative ease 
of peptisation of different modifications of stannic acid. Thus, 
whilst Heinz (Dissertation, Géttingen, 1914) found that sols of 
a-stannic acid could be obtained in which the ratio of K,0 to 
SnO, was 1 : 200, Franz (Dissertation, Géttingen, 1913) found that 
the ratio in 8-sols was 1:25 or 1:50. Again, although both «. 
and §-stannic acids have been described as soluble in a solution 
of potassium hydroxide, a differentiation in their solubility was 
made by Kiihl (Pharm. Zig., 1908, 53, 49), who showed that a pre. 
paration of stannic acid in which the «8 change had progressed 
to a considerable extent required a solution of potassium hydroxide 
of greater concentration to dissolve it than was necessary with a 
less condensed sample of the acid. 

Whilst there appears little doubt that the principles which 
govern the action of alkaline hydroxides upon stannic acid are 
independent of the particular alkali employed, it must be noted 
that the changes observed with sodium hydroxide differ very 
considerably from those which accompany the action of potassium 
hydroxide. This difference in behaviour, which is fully described 
in the experimental part of the paper, is probably due to the differ. 
ence in the solubility of the sodium and potassium salts of stannic 
acid, Zocher (Z. anorg. Chem., 1920, 112, 1) having shown sodium 
stannate to be less soluble than the potassium salt. In view of 
the lower solubility of the sodium salt, a smaller concentration 
of sodium hydroxide than of potassium hydroxide would be able 
to bring about the coagulation of sols produced as a result of the 
peptisation of stannic acid by the two hydroxides respectively. 


EXPERIMENTAL. 


The samples of the different modifications of stannic acid which 
were employed were prepared by the methods which have been 
described in the previous paper dealing with the hydrochloric acid 
experiments (loc. cit.). 

Two series of experiments were conducted; in the one, weighed 
amounts of the different preparations of the acid were treated 
with a concentrated solution of potassium hydroxide (14°3N) and 
afterwards diluted, whilst in the other quantities of $-stannic acid 
were treated with dilute solutions of potassium hydroxide of varying 
degrees of concentration. The mixtures were maintained at a 
temperature of 25°. 
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NIC 
B-acid In both series of experiments it was found that with the higher 
ompler concentrations of alkali (0°8—1‘1N) a portion of the §-stannic 
he salt @ acid was undispersed, whereas with the «-acid the whole of the sub- 
agree. stance added was dispersed in presence of potassium hydroxide 
ve ease fy of the above concentration. This difference in behaviour was 
Thus, § attributed to the greater ease with which the 8-sols undergo coagu- 
sols of & lation, the ionisation of the salt formed by adsorption of the alkali 
‘50 to by the acid being repressed by the excess of potassium hydroxide 
d that @ remaining in solution. That this explanation is the correct one 
oth g. @ was shown by removing the apparently insoluble matter from the 
lution § flasks containing the $-mixtures in question and adding it to dis- 


tilled water, when it was found that the substance readily dispersed 
owing to there no longer being an excess of potassium ions present 
in the liquid. The critical concentration of potassium hydroxide 
above which coagulation of 8-sols takes place is 0°78N ; this is a much 
lower concentration than was observed with hydrochloric acid as 
peptising agent, for in such cases no coagulation occurred with a 


y was 
a pre. 
ressed 
rOxide 
vith a 


which § solution having a concentration of 1°5N. 
d are In all those cases in which the whole of the initial quantity 
noted | of stannic acid was dispersed, more of the requisite preparation 


was added to the mixture, and this process was repeated if such 
subsequent additions were, in their turn, completely dispersed. 
As more and more of the acid was added, the colour of the mixture 
became more intense, and the viscosity considerably increased. 
With this increase in viscosity the rate of dispersion of the solid 
diminished and it became possible to observe the intermediate 
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iffer- 
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w of & stages of the process. The fine powder added first caked together 
ition | and gradually underwent transformation into a clear yellow gel 
able § Which slowly dispersed into the supernatant liquid and gave, 


eventually, an apparently homogeneous system. The larger the 
amount of stannic acid which was added, the stiffer was the gel 
ultimately obtained ; it was possible to obtain gels so stiff that they 
retained their shape when the containing flasks were inverted. 
The composition of some of the gels obtained by the action of 
the more dilute solutions of potassium hydroxide on samples of 
stannic acid is shown in Table I; for the purpose of contrast, 
figures are also given showing the composition of the filtrate from 
systems in which the concentration of alkali used had been suffi- 
ciently great to repress the ionisation of the salt formed by adsorption 
of potassium hydroxide by the initial quantity of stannic acid. 
The alkalinity was determined by titration with a standard solution 
of hydrochloric acid, using methyl-orange as indicator, whilst the 
tin was estimated by titration with iodine after reduction to the 
stannous condition by means of aluminium and hydrochloric acid. 
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TABLE I. 


Variety of acid. Original normality of KOH. ne of gel per cent. 

. nQ,. 

0-4 0-98 16-5 

0-8 1-99 28-4 

0-49 1-42 25-8 

0-6 1-68 27-2 
Systems in which the initial amount of stannic acid was not wholly 

dispersed. 
Composition of filtrate 
per cent. 

Variety of acid. Original normality of KOH. K,0. Sn0,. 

B 0-8 3-29 2-91 

B 1-0 3°94 5-80 
Attempts were made in several cases to determine the amount of tin 
in molecular solution by submitting the mixtures to ultra-filtration, 
but this was a much more difficult operation than with the hydro. 
chloric acid systems owing to the action of the alkali on the collodion 
membranes. The best results were obtained by using films strength- 
ened by means of calico; reinforced films of this kind were prepared 
by immersing a piece of the fabric in the solution of collodion and 
leaving it in position during the evaporation of the solvent. Some 
of the results obtained from mixtures containing «-stannic acid are 
shown in Table II, the concentration of stannic oxide being expressed 
in gram-molecules per litre, whilst the alkalinity is expressed in 


normalities. 
TABLE II. 


Composition before ultra-filtration. Composition of ultra-filtrate. 
OH’. OH’. 


SnO,. 
0-0116 
0-888 
1-53 
1-90 
2-48 


0-005N 
0-061 ,, 
0-115,, 
0-172,, 
0-399 ,, 


&n0,. 
0-0023 
0-284 
0-542 
0-527 
1-53 


3-04 0-348 ,, 1-10 


Although the above results do not correspond with equilibrium 
conditions and so have no actual quantitative significance, it is 
possible to draw certain qualitative deductions from them. In 
every case the concentration of alkali is much reduced by the 
process of ultra-filtration, and this can only be accounted for by 
a large amount of the potassium hydroxide having been adsorbed 
by the colloidal stannic acid and removed along with the latter 
by the filtration through the collodion membrane. The total 
quantity of tin in the mixtures before ultra-filtration is much greater 
than in the viscous mixtures prepared by the agency of hydro- 
chloric acid, this being accounted for by the much greater power 
of peptisation which potassium hydroxide has for stannic acid. 
Further, of the total tin present in the mixture, a larger proportion 
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es into the ultra-filtrate than was the case with the hydrochloric 
acid mixtures, thus indicating that stannic acid can acquire a much 
higher degree of dispersion when acted upon by potassium hydroxide 
than is possible when a solution of hydrochloric acid of similar 
concentration is allowed to act upon the same variety of stannic acid. 
Action of Solutions of Sodium Hydroxide on Stannic Acid.— 
Experiments similar to those which have been described above were 
made in which two varieties of stannic acid were acted upon by 
means of solutions of sodium hydroxide free from carbonate and 
chloride. None of the remarkable results which were obtained 
by the use of potassium hydroxide was observed to take place when 
sodium hydroxide was employed, a portion of the original amount 
of the stannic acid, whether «- or 8- in character, remaining undis- 
solved in every case; no change in the appearance of the mixtures 
was observable during a period of seven months, the liquids remain- 
ing perfectly clear and mobile throughout the whole period. In 
Table III, the results of the analysis of the clear liquids, made 
207 days from the commencement of the experiments, are given; 
as in previous cases, the concentration of stannic acid is expressed 
in gram-molecules per litre and the alkalinity was determined by 
titration with hydrochloric acid, with methyl-orange as indicator. 


TABLE ITI. 


a-Stannic acid. 8-Stannic acid. 


Initial normality of OH’ concen. OH’ concn. 
NaOH. in liquid. Sn0,. in liquid. §n0,. 


0-209 0-179N 0-0065 0-208N 0-0033 
0-418 0-417,, 0-0183 0-342,, 0-0105 
0-627 0-592 ,, 0-0304 0-572,, 0-0250 
0-836 0-789 ,, 0-0402 

1-045 0-988 ,, 0-0573 0-878 ,, 0-0899 

The amount of tin in the most concentrated mixture containing 
s-stannic acid is abnormally high and may be due to the mixture 
not having arrived at equilibrium; it was unfortunately impossible 
to make a subsequent analysis. 

It is evident from the above figures that a considerable amount 
of adsorption takes place, this being the explanation of the difference 
between the initial and the final alkalinity. Within the limits of con- 
centration studied, the amount of tin dispersed increases with the 
concentration of the alkaline solution used. Moreover, the results 
obtained with the three most dilute solutions show that the §-acid 
is less soluble than the «-variety, this being in agreement with what 
would be anticipated from theoretical considerations. 
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The Significance of Crystal Structure. 


A Lecture DELIVERED BEFORE THE CHEMICAL SOCIETY on 
OcToBER 26TH, 1922. 


By Sm Wiiu1am H. Brace, K.B.E., F.R.S. 


Ir has long been perceived that every crystal is built up by the 
repetition throughout its volume of a certain unit. The repetition 
is exact in every detail, so that each unit is a perfect epitome of 
the whole. This idea is to be found in the writings of all the 
crystallographers : Barlow has expressed it very definitely : 

“A homogeneous structure is one, every point within which, if 
we regard the structure as without boundaries, has corresponding 
to it an infinitude of other points whose situations in the structure 
are precisely similar . . .” (Min. Mag., 1895, 11, 119). 

Barlow was certainly correct in his insistence on this as the 
fundamental point in crystal structure; and in putting into a 
secondary place the consideration of methods of dividing space 
into similar cells. Much attention has been directed. to the latter 
question, but its interest belongs to geometry more immediately 
than to physics. 

The conception of the unit cell—we may call it the crystal unit— 
being once adopted, the question of its contents arises immedi- 
ately. Until the advent of the X-ray analysis there was no certain 
answer to the question; and in consequence further progress in 
the examination of the internal structure of crystals was practically 
blocked at the outset. It has sometimes been assumed that the 
unit is the chemical molecule, and much good experimental work 
has been described in terms of that conception. But such work 
can never bear its full fruit as long as it is rooted in an unsound 
idea. There is really no reason why the crystal unit should be 
identical with the chemical molecule; there is, in fact, every reason 
to expect the contrary. 

The chemical molecule is the smallest portion of a substance 
which displays in full the properties of the substance. A pure 
substance consists of molecules which are all exactly alike; and 
there is nothing done by a crowd of them which each could not 
do to a lesser extent by itself. But the properties referred to in a 
definition of this sort are limited; the definition is incorrect if 
the limits are not carefully drawn. Broadly speaking, the properties 
are those which are possessed when the substance is in a liquid or 
a gaseous state and not in a solid state. A substance in the solid 
condition possesses a large number of properties which it does not § 
possess as a liquid. Chemical analysis is based on the behaviour 
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of substances when their crystalline bonds have been broken up 
and the substance is found to be composed of units which are 
similar and behave similarly and are called molecules. It does 
not follow that each molecule, so identified, is capable by itself 
of representing the properties of the crystal. We know, in fact, 
of cases where it is not so. For example, the molecule of silicon 
dioxide is incapable, by itself, of producing the rotation of the 
plane of polarisation of light which is so characteristic of quartz. 
As a matter of fact, the crystal unit which does possess the property 
is made up of the substance of three molecules. 

The crystal unit must contain the substance of an integral number 
of molecules; this is a simple consequence of the fact that the 
atoms of the different elements are present in the same proportion 
in both solid and liquid. We have no cause for assuming that the 
crystal unit contains the substance of one molecule only; nor 
have we cause for assuming that the molecule will be found in the 
crystal in exactly the same form and condition as in the liquid 
or gas. 

The X-ray analysis shows that the unit nearly always contains 
the substance of more than one molecule, generally of two, three, 
orfour. Further, it shows that the atoms in the unit can be divided 
into groups, each containing the substance of one molecule. The 
division may be very clear, as in the case of organic crystals; it 
may also be very faint or even indistinguishable, as in the case of 


‘in 

in § rocksalt and diamond. The group may be spoken of as a mole- 
ly § cule; but if so, it must be understood that the use of the term in 
he | the two cases does not imply that the relative dispositions of the 
rk # atoms in the molecule of the crystal are the same as those of the 
‘k @ atoms in the molecule of the liquid. We have good reason to 


believe that the “ crystal molecule” differs very little from the 
ordinary molecule in many cases, but we may not assume them to 
be identical. 

The definition of the crystal unit by the methods of X-ray 
analysis is quite precise. The form of the unit is necessarily a 
parallelepiped; it is bounded by three pairs of parallel faces. 
The distance between a pair, known as the “spacing” of the 
plane parallel to the pair, is determined by the law 


= 2d. sin 6, 


where X is the wave-length used, d is the spacing, and @ is the 
smallest of the angles which the incident rays must make with 
the plane in order that reflexion may take place. Consequently, 
the measurement of a single angle determines the spacing in the 
case of each pair. This gives the volume of the unit. The 
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weight is found by multiplying by the density, and the number 
of molecules by dividing this weight by the weight of the 
molecule. 

The shape of the unit has really an infinite number of alternatives, 
All the corners of the unit are exactly alike, in the sense that from 
each of them the outlook into the crystal is exactly the same, 
These corners, with all similar points throughout the crystal, make 
up the space lattice of the crystal. There is an infinite number of 
ways of choosing eight points on the latter which will be the corners 
of a parallelepiped containing no other similar point, and any one 
of these can be looked on as the crystal unit. They all contain 
the same number of molecules. 

It is then to be asked whether the X-ray method is a trust. 
worthy judge of the similarity of planes. Might there be some 
difference which is important to the structure of the crystal, but 
escapes detection by the X-rays ? 

Now it is true that the X-rays cannot distinguish between the 
two sides of a reflecting set of planes. Some time ago it was pointed 
out that in zine blende, for example, it was impossible to differ. 
entiate the two ends of the polar crystal. If we move along a 
normal to the (111) planes of zinc blende, we come to layers of 
zine and sulphur alternately: going one way, the distance from 
zinc to sulphur is three times the distance from sulphur to zinc; 
going the other way, the ratio reverses. The intensities of the 
various orders of reflexion of X-rays depend on the relative magni- 
tudes of the spacings but not on their order, so that the (III) 
plane of zinc blende is the same both ways so far as X-rays are con- 
cerned. For the same reason, as has been pointed out more recently, 
the X-rays cannot differentiate directly a right-handed spiral from 
a left, since one is the reflexion of the other. 

But these limitations do not affect the power to determine the 
size of the crystal unit without any uncertainty, so far as can be 
judged at present. There are, of course, difficulties of technique; 
some reflexion may be too small to be seen. But this difficulty is 
always removed by the examination of other planes. 

When the crystal unit was of indeterminate size it was not 4 
very important conception. But the case is very different when 
the number of molecules in it has been found. It is then ready to 
play its part in relation to the properties of the crystal, just as 
the molecule has played its part in relation to other properties. 
The unit possesses in full all the properties of the crystal: elastic 
constants of volume, and of rigidity; electric conductivity ; thermal 
conductivity; dielectric capacity; optical activity and so on; all 
these things, moreover, are vector quantities, not scalar merely. 
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It lies before us now to consider the structure of the unit in relation 
to each of these properties, just as in time past we have considered 
the structure of the molecule in relation to the limited number of 
ways in which it possesses the properties of the substance of which 
it is the unit. In this way, a wide field of research opens out, 
and the entrance into it is by way of our knowledge of the actual 
contents of the crystal unit. , 

Among the innumerable problems that now present themselves 
we may, this evening, consider those which are concerned especially 
with the relations between the crystal unit and the molecule: the 
divisibility of the unit into groups, and the degree of resemblance 
between the group and the chemical molecule. 

We find the most ready illustrations in the case of organic crystals, 
because the division into groups is so well marked. In an address 
to the Physical Society a year ago,* it was shown that the naph- 
thalene unit contained two groups similar or identical with naph- 
thalene molecules; that the same held for anthracene; that 
«naphthol, $-naphthol, acenaphthene, and others were similarly 
divisible into four. Since that time a number of other organic 
crystals have been examined and always with the same result: 
there are generally four molecules in the cell, sometimes two, 
sometimes one. There are no doubt units with three molecules 
to the cell, but no tested cases can be quoted as yet from among 
the organic crystals; in the inorganic, quartz is, of course, a notable 
example. 

It is a very suggestive fact that the number in the cell seems 
to be closely related to the symmetry of the crystal on the one 
hand and the probable symmetry of the molecule on the other. 
In the case of «-naphthol, for example, the substitution of the 
hydroxyl group for one of the hydrogen atoms may be expected 
to have destroyed some of the symmetry previously displayed by 
the naphthalene molecule. It is natural to associate this with 
the fact that the unit of a-naphthol contains four molecules, and 
the unit of naphthalene contains two; while both possess the 
same symmetry, that of the monoclinic prismatic class. So, 
again, two molecules of benzene are built into the crystal unit, 
and four molecules of benzoic acid. The latter molecule must 
be the more unsymmetrical; and we find, correspondingly, that 
even with the extra number of molecules the symmetry of benzoic 
acid is actually less than in the case of benzene. It is suggested 
by many observations of this kind that the symmetry of the crystal 
tends to increase with the number of molecules in the unit and 
also with the symmetry of the molecule. 


* Proc. Physical Soc., 1921, 34, Dec. 
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The point has been studied carefully by Mr. Shearer,* and he 
has drawn the conclusion that, provisionally at least, these con. 
siderations may be expressed in a definite quantitative form. 

For the sake of clearness we may, before attempting to state 
Shearer’s rules, review some of the principles of crystal classi. 
fication, in especial connexion with the conception of the crystal 
unit. , 

Of the thirty-two classes into which crystals are divided according 
to their symmetry, the first has no planes, axes, or centre of sym. 
metry. The crystal unit contains only one molecule, which itself 
cannot have any symmetry; if it had, the symmetry would appear 
in the crystal also. The symmetry of the crystal molecule expresses 
itself in its relation to its neighbours; if every molecule has, for 
example, the symmetry due to self-coincidence after reflexion 
across a plane, the symmetry includes also the modes of relation. 
This must be true throughout the crystal, and consequently the 
crystal must have a plane of symmetry. 

The second class of crystals is distinguished by the possession 
of a centre,of symmetry. If the molecules of which the crystal is 
composed are themselves asymmetric, it will be necessary to take 
two of them and arrange them so that they have a common centre 
of symmetry in order that the unit which contains the two shall 
also possess a centre of symmetry. 

With two similar asymmetric molecules we can also obtain the 
symmetry of yet two other classes. In one of these, the second 
molecule becomes similar to the first in regard to the mutual orient- 
ation of its parts if it is rotated about some axis through two right 
angles. The crystal then belongs to the monoclinic sphenoidal 
class, the name given to it being descriptive of the form which 
the crystal assumes. The form is simply a consequence of the 
existence of two molecules in the unit, one being the digonal of 
the other. 

The remaining two-molecule class has a plane of symmetry. 
One of the asymmetric molecules, after reflexion across the plane, 
becomes similar to the other in respect to the mutual orientation 
of its parts. The molecules are related to one another as right 
hand to left. This is the monoclinic domal class. 

The symmetry of the three two-molecule classes might, of course, 
be achieved by the use of one molecule only, if that molecule itself 
possessed the proper symmetry. 

Crystallographers have adopted a very convenient and com- 
plete way of representing the properties of crystal classes by dia- 
gram. The diagrams of the single molecule and the two-molecule 


* Paper read before the Physical Society of London on December 8th, 1922. 
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aystals, which we have just described, are shown in Fig. 1. 
The dot in the figure represents, in our present description, a single 
symmetric molecule; in this way we give it more significance 
thn is usual. The molecule represented by a dot is above the 
plane of the paper, the molecule represented by a small circle is 
below. It is easily seen that there are no more combinations of 
the two molecules than those which are shown. We now go on 
to consider the symmetry of the unit which contains four mole- 
cles. Naturally, the symmetry is of a higher order. 

If we take a molecule, A, and a second, B, which is the reflexion 
of A across a plane, and also two, C and D, which are derived 
fom A and B by rotation through two right angles about an axis 
perpendicular to the plane of reflexion, we obtain a crystal which 
has a plane of symmetry and a digonal axis perpendicular to it. 
This is the monoclinic prismatic class to which the majority of 
organic crystals belong. 


Fia. 1. 


Triclinic Triclinic Monoclinic Monoclinic 
asymmetric. pinakoidal. domal. sphenoidal. 


Another four-molecule class is the rhombic bisphenoidal, in 
which the first and second molecules become mutually coincident 
after rotation about a digonal axis; and the third and fourth are 
derived from the first and second by rotation about a second 
digonal axis perpendicular to the first axis. 

In another four-molecule class, the rhombic pyramidal, the 
second molecule is the reflexion of the first across a plane, whilst 
the third and fourth are the reflexion of the first and second across 
asecond plane which is perpendicular to the first plane. 

Eight asymmetric molecules are required for the rhombic bi- 
pyramidal class. One molecule is reflected across a plane; the third 
and fourth are derived from the first and second by reflexion across 
a plane which is at right angles to the first plane; the other four 
are derived from the first four by reflexion across a plane which 
is at right angles to both the other planes of reflexion. 

The diagrammatic representation of this second set of crystal 
classes is shown in Fig. 2. These with the other four make up 
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the eight different classes, built of asymmetric molecules, in which 
any two molecules can be brought to coincidence after reflexion 
through a centre of symmetry or reflexion across a plane of symmetry 
or a digonal rotation about an axis or some combination of these 
operations. 

Fie. 2. 


Rhombic 
bipyramidal. 


Rhombic 
pyramidal. 


Rhombic 
bisphenoidal. 


Monoclinic 
prismatic. 


In this manner we may work our way through all the thirty. 
two classes of the crystallographer. The remaining twenty-four 
contain always a tetragonal or trigonal axis. For example, the 
symmetry of quartz is represented in Fig. 3 (a); if the result were 
attained by using asymmetric molecules in the construction, the 
crystal unit would contain six of them. The symmetry of corundum 
(or ruby or sapphire) [Fig. 3 (6)] would require twelve. 


Fia. 3 (a). Fia. 3 (0). 
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Quartz. 


Trigonal trapezohedral. Ditrigonal scalenohedral. 


We see that in every case the symmetry can be attained by the 
use of a proper number of asymmetric molecules. Let us call this 
the “symmetry number.” 

Shearer’s rules may now be stated as follows : 

The number obtained by dividing the weight of the crystal uit 
by the molecular weight is either equal to the symmetry number 
or is a sub-multiple of it. 

In the latter case, the number obtained by dividing the symmetry 
number by the number of molecules is the symmetry number o 
the molecule. 
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The first of these rules amounts to saying that the chemical 
molecule, in substance, if not in form, is the basis of construction 
of the unit. In no case have we found, as yet, that the number of 
ach molecules is greater than the symmetry number. We have 
often found that it is smaller. 

The great majority of organic crystals are monoclinic pris- 
patic; the symmetry number is four, and we find four mole- 
cles in the cell. This ought to be the case if the molecule has 
»0 symmetry. For instance, there are, in all probability, four 
nolecules in each of the crystals in Table I. We have only tested 


TABLE [,. 


J 

Dihydroxybenzenes. 

1:2. 1:3. 1:4 
al, 4 molecules. 4 molecules. 4 molecules. 

a 11-05 9-56 13-58 

' b 6-88 10-5 §-22 
irty- c 7-05 5-68 8-13 
four B 95° 15’ 90° 107° 


Dinitrobenzenes. 


vere 1:2. 1:3. 1:4, 

the a 7-95 10-52 14-1 

lain b 13-0 11-15 6-93 
c 7-45 6-07 7-23 
B 112° 7’ 90° 92° 18’ 

Hydroxybenzoic Acids. 
1:2. 1:3. 1:4. 

a 11-56 6-31 10-1 
b 11-22 9-03 4-15 
c 4-93 11-03 18-27 
B 91° 22’ 90° 


three of them as yet, namely, salicylic acid, resorcinol, and 1 : 2- 
dinitrobenzene; these are sure to carry with them the other 1 : 2 
and 1:3 substances; we may reasonably expect the 1:4 sub- 
stances to contain four molecules also. The 1 : 4-dihydroxybenzene 
included in the table is the metastable form. The whole set is at 
present under investigation. 

Let us now consider the experimental evidence, and in the 
first place let us consider how we should expect the X-ray measure- 
ments to show up the division of the unit into molecules, and the 
symmetry relations of the molecules. 

The relative positions of the molecules in the unit must, if our 
ideas are correct, be governed by certain relations : 

(a) If a unit contains two molecules one of which is the reflexion 
of the other across a plane of symmetry, and if we suppose the 
crystal unit to be so placed that each corner of it is occupied by 
4 representative of one of the two types of molecule, then the 
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molecule of the other type must lie on a line perpendicular to the 
plane of reflexion and passing through the centre of one of the faces 
of the cell. 

For, suppose that the figure (Fig. 4) represents a view along the 
a axis of the unit: and that, according to convention, the plane 
of symmetry is perpendicular to the b axis, Ob. “A” molecule 
represented by arrows, are placed at Obdc: the end of the arroy 
in each case lies exactly at a corner of the rectangle. The “3B” 
molecules are the reflexions of the A’s across some line parallel 
to Oc; as, for example, the dotted line. As far as symmetry 
goes, there is no reason why the dotted line should occupy any 
particular position, so long as it is parallel to Oc. The actual 


Fia. 4. Fia. 5. 
B 


. Ao 
we, 


O é 


0 


position, carrying with it the relative dispositions of A and B, 
must depend on the forms of the molecules and their mutual 
reactions. 

But further, and this is an important point, the end of the 3 
arrow need not lie on cd at all; it may lie on ef, as at B’, provided 
that ef is parallel to Ob and passes through the middle point of 
the Obde face. The possession of a plane of symmetry by the 
crystal is ensured if the following operation is successful. Let 
the molecules, A’s as well as B’s, be reflected across a plane and 
the whole afterwards undergo a shift during which the orientation 
is not altered : the crystal must then be brought to self-coincidence. 
Now, if the molecule at A is reflected to B and then shifted to B, 
the same operation also reflects B’ to A’ and then brings it to 
coincidence with the A molecule at QO. This is satisfactory 
self-coincidence. 

Certain other positions of the B molecule are possible; the shift 
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to thelll ping varied so that the double operation brings the A molecule 
faces at ¢ to coincidence with the A molecule at some other point than c. 
If these be considered in turn, it will be found that they are all 
covered by the relation (a). 

The second relation is as follows : 

(b) If a unit contains two molecules, one of which can be brought 
to coincidence with the other by a digonal rotation about an axis— 
the crystal then necessarily possesses a principal plane perpen- 
dicular to the axis—and if we suppose the crystal unit to be so 
placed that each corner of it is occupied by one of the two types 
of molecule, then the molecules of the other type must lie on planes, 
perpendicular to the axis, which either contain A molecules, or 
exactly interleave planes containing A molecules; or in other 
yords, on planes perpendicular to the axis and passing through a 
face centre. 

If, for example, a digonal rotation about the dotted line (Fig. 5) 
as axis brings the A molecule at d to coincidence with a C mole- 
cule as drawn, the end of the C arrow may lie on bd. But it may 
also lie on ef, ef being parallel to Oc and passing through the centre 
of the face Obde. The operation that brings the A molecule at 
ito C, and then to C’, brings C’ to A’ and then to coincidence 
with the A molecule at c. Thus the whole unit still has digonal 
symmetry. The figure is drawn for the case when the axis lies 
somewhere in the plane of the paper; the condition is not neces- 
sary, and therefore the position of the molecule at C or C’, defined 
by the end of the arrow, may be anywhere on a plane, perpendicular 
to the axis, passing through bd, or ef, or Oc. 

We should expect to find in the X-ray observations some evidence 
of the existence of these conditions regarding the relative positions 
of the different molecules in the crystal unit; and this turns out 
to be the case. It is to be remembered that the X-ray analysis 
determines the distance between any plane and the nearest parallel 
plane which is identical with the former in regard to its relations 
to the crystal structure. If there are four molecules in the unit, 
all four are, in general, differently related to any plane in the 
crystal. We might imagine, for example, that we are considering 
the spacing between planes which are perpendicular to the plane of 
the paper and intersect it in lines parallel to PP (Fig. 6). The four 
types of molecule will generally project on to the paper in different 
forms, in a manner roughly indicated by the varieties of the sizes 
and directions of the arrows A, B,C, D. The spacing is the distance 
from PP to QQ or QQ to RR, because the QQ plane is the nearest 
plane to PP which is indistinguishable from PP. The magnitude 
of the spacing is not affected by the presence of B,C,and D. This 
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is the usual case; and if we calculate the spacings of the various 
planes from the dimensions of the crystal unit, on the supposition 
that there is only one type of molecule A, one of them at each 
corner of the unit, we must observe values in agreement with thog 
calculated. 

But this is not always the case, and it is the exceptions that 
are important. Consider, for example, the (010) plane, which jg 
perpendicular to the 6 axis, PQR (Fig. 7). We have seen that the 
plane of the digonal molecule C may exactly interleave the planes of 
the A molecules. So far as reflexion by the (010) plane is concerned, 
the effect of the digonal molecules is exactly the same as that of 
the originals. As shown in the diagram (Fig. 7), they are different 
to the eye; but the phases of the different parts of the molecules 


Fia. 6. Fia. 7. 
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are the same, since they can be measured from the projections 
of the molecules on the line PQR. The consequence is that the 
(010) spacing is exactly halved, as in naphthalene or benzoic acid. 
If the digonal molecule lies, in the alternative case, in the same 
plane as the original, the spacing is not altered, as in «- or 8-naphthol. 

Again, consider any of the series of planes passing through the 
6 axis, or, in other words, the planes of the (010) zone, having the 
designation (m, O, n). If we look along the axis, we cannot tell 
the difference between a molecule and its reflexion across the plane 
of symmetry. Let the figure (Fig. 8) represent a section of the 
unit perpendicular to the (b) axis, that is, to the axis of the crystal, 
so that all lines through O are projections of the various planes of 
the (010) zone. The projection of the molecule B is either at a 
corner of the rhombus, or the middle of an edge, or the middle of 
the face; this being the consequence of the condition (a) above. 
If, for example, it is at the centre of the face as indicated in the 
figure, the spacings of the planes Oc or Oa, that is, (100) and (001), 
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we halved, but not the spacing of (101), Og. It can be shown 
that in the general case the spacing of the plane (/, O, ) is halved 
flor is even: but not if both are odd. If B is at the middle 
of Oa, the spacings of the planes are halved unless / is even: and 
ifit bisects Oc, unless 7 is even. 

In all these cases the spacings Fic. 8. 

of half the planes are halved. AY 
IB coincides with A as regards Cc Pr id 


its projection on the plane of ‘ 
the paper, no spacing is halved. . 
When there are four mole- 
cules, the same considerations / ‘ 
hold, because we can divide the / ptm / 
fur into two pairs. We can ae \ 
ay that A and B are the / a E A 
digonal of C and D, so that it Lah ‘ 
becomes important to find out g 
whether the (010) spacing is 
halved; and also that A and C are the reflexion of B and D, so 
that we must find out whether spacings of half the planes in the 
010 zone are halved, and if so which half. 
We can now consider some examples. We may take benzoic 
acid first. 


‘ 


‘ 7B / 


Benzoic Acid—C,H,°CO,H. 


TABLE II. 
Zone about 110 Axis. 
Intensity. Spacing Spacing 
Plane. Ist order. 2nd order. obs. Plane. Intensity. obs. 
= a ne _- 111 15 3°74 

7 3 — 2-30 112 5 " 
116 20 — 2-50 U3 . oo 
115 320 — 2-72 ~ k. 

114 380 amt 2-97 114 50 3-21 
113 440 80 3-21 115 35 2-97 
+7 40 — 3-42 116 10? 2-72 

l 40 — 3°63 117 50 2-50 

110 70 — 3-74 118 0 2-30 
TaB.LeE ITI. TABLE IV. 

Zone about “‘a”’ Axis. Zone about ““b” Axis. 
010 0 60 5-16 106 30 0 2-88 
011 50 30 4-99 104 90 trace 3-65 
012 80 90 4-63 102 160 0 4-65 
013 100 — 4-19 100 200 0 5:45 
014 360 25 3-73 105 ? 
O15 110 res 3.39 ’ 380 120 5-16 

4 104 0 0 si 
016 120 — 2-97 = 
017 30 - 2-67 106 0 v ao 
018 80 30 2-40 
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Reflexions from Cleavage Plane (001). 
TABLE V. 


Spacing. 21-6. 
009 

00(10) 

00(11) 

00(12) 

00(13) 

00(14) 

00(15) 

00(16) 


In Table II are shown the results of the examination of a long 
series of planes passing through the (110) zone; 
—— contain nor are perpendicular 
ass to the axis of the crystal. The 
‘A axis of the zone is ab in Fig. 9; 
and Fig. 10 shows some of the 
planes of the zone, the axis 
being perpendicular to the 
plane of the paper. We should 
therefore expect to find the 
observed spacings to agree with 
the calculated; there should be 
no cases of halving. This is 
actually the case; the great 
majority of the planes give 
easily readable reflexions, some 
of them very large, and the 
measurements of the spacings 
are correct to 4 or 1 per cent. 
We may say that the spacings 
are determined by one set of 
molecules alone; if we put 4 
molecules at the corners of the 
crystal unit, the positions of 
the B, C, D molecules are 
immaterial so far as the actual 
values of the spacings are 
= concerned. 
Oa = 5-44; Ob = 5-18; Oc = 21-6; Table IIT contains the values 
ae for the planes belonging to the 
100 zone, one of which is (010). This spacing is halved; more- 
over, the spacings of the planes show, from the strength of the 
second-order reflexion, that the digonal molecules which have 
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ually halved (010) are tending to halve the (011) and (012) 
also. 

Table IV contains the values for the planes belonging to the 
(10 zone. The planes 102, 104, 102, etc., alone show the proper 
gacings : the 101, 103 show no reflexion when set to the X-rays 
yif they had the proper spacing. The series of planes is shown 


Fie. 10, 
A, A, Ay J 7 
116 115 114 113 112 lll 110 112 
: 3 ey == oo 45 
ONY -6N Veh 363 | oT | 363- 


Some of the planes belonging to the (110) zone; that is, to the series of 
planes passing through a and b in Fig. 9. The molecules represented by the 
empty circles differ from those represented by full circles with respect to 
this series of planes. Consequently, none of the spacings are halved, even 
although there might be B molecules as shown in the figure. In Fig. §, 
the reflected molecule must lie on hk and Im and is placed, provisionally, 
ath, k, l,m. The positions marked B in Fig. 10 are then chosen to correspond 
with the positions of the B molecules in Fig. 9. If in respect to the planes 
shown in Fig. 10 they were exactly equivalent to the A molecules, half the 
spacings would be halved. For instance, the two (111) planes, AA, and 
4’A,, have a B molecule half way between them: the two (112) planes, 


4A, and A’A,, have not. 


in Fig. 11. Some of them show a reflexion for the half spacing ; 
generally a weak one. We conclude that the molecule B, looked 
on as the reflexion of A, bisects the line Oc. This is also shown in 
Table V, by the observed values of the intensities of the various 
orders of reflexion of the 001 plane. All the odd orders are missing. 
The relative intensities of the fourth and especially the eighth 
orders may be taken to mean that the positions of the C and D 
molecules are approximately as shown in Fig. 9. It is not con- 
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venient to follow up the structure further, the main point being 
already clear; but it may be observed that we can conclude the 
existence of double layers parallel to the 001 or cleavage plane, 
The members of the double layer present their carboxyl groups 
towards one another; but the junction of layer to layer is through 
the hydrogen atoms. 

Let us take resorcinol as another example of a four-molecule 
unit. In this case there are two planes of symmetry at right 
angles to one another. We may readily show that in this cage, 
if the A molecule is put at the corner of the unit, a molecule, 4,, 


Fia. ll. ° 


Planes belonging to the (010) zone. In this case, half the spacings ar 
actually halved, because in this zone the two sorts of molecules are indis- 
tinguishable, and they both lie on one half of the planes, and in respect to 
the other half they interleave each other. 


which is the reflexion of A across a plane parallel to the (10) 
plane, must lie on a line parallel to the axis of x and passing through 
the middle point of a face. Also, because its projection on the 
(100) plane is indistinguishable from the projection of the A mole. 
cule on the same plane, it follows on the same lines as before that 
there is a halving of the spacings of half the planes in the 100 zone. 
The results of Table VI show that this is so, and that the pr 
jection of A, on the (100) plane is at the centre of the 100 face. 
So also the results show that the projection of Ay on the ((ll() 
plane is at the centre of the 010 face. This follows from the fact 
that in both the a and the 6 zones the only planes which show! 
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reflexion at the calculated angles are those for which two of the 
indices are odd (see previous discussions of Fig. 8). 


TABLE VI. 


Resorcinol. C,H,(OH),. 


Rhombic pyramidal : 4 molecules : a = 9-56, b = 10-25, c = 5-64. 


Observed. Calculated. 


a zone: 
001 d=2-84 
031 2-98 
051 1-95 
010 2-55 

b zone: 
100 
501 
301 
101 
103 
001 


DOO -102 
St en 


100 
210 
110 
120 
130 
140 
010 


RONDE ID Rom to hs 


Aaaandrkwe 
KAI@manwouc 


5-64 


4-87 —Strong 
1-85 


If the projections of the four molecules (the fourth is denoted 
by Azy) on the 001 plane are approximately as shown in the diagram 
(Fig. 12), we realise these conditions and possibly account for certain 


other striking features in the 
results, for example, that the (100) 
and (010) spacings are nearly 
quartered. The A and A,, mole- 
cules lie together in planes: the 
A, and A, molecules lie in planes 
which exactly interleave the others. 

When the number of molecules 
inthe unit is less than the symmetry 
number, it is generally possible to 
draw conclusions regarding the 
symmetry which the molecule pos- 
sesses according to Shearer’s rules. 
The naphthalene unit contains two 
molecules, and its symmetry 


b 


Fic. 12. 
A 


number is four. Consequently, the naphthalene molecule has a 
symmetry number two; it possesses twofold symmetry and no 
more. Although this statement applies to the crystal molecule only, 
and might be untrue of the chemical molecule, yet, if so, there must 


VOL. CXXI. 
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be some character in the compound C,,H, which disposes it to one 
or other of the two forms according to circumstances. 

We can draw also some conclusions regarding the nature of the 
symmetry of the crystal molecule of naphthalene from the X-ray 
observations. The molecule must have either a plane of symmetry, 
a centre of symmetry, or a digonal axis. If it had the first, the 
second molecule must be the digonal of the first, in order that 
the crystal which acquires its plane of symmetry from the mole. 
cule may acquire its digonal symmetry from the crystal structure, 
In this case, the (010) plane must be halved; but there is no reason, 
due to the same condition, why half the planes through the (010) 
zone should be halved. On the other hand, if the molecule has 
digonal symmetry and the plane of symmetry is due to structure, 
half the planes of the (010) zone may be halved, but there is no 
reason for halving the (010) plane. 


Fic. 13 (a). 


It is possible that the molecule has a centre of symmetry. In 
that case, the B molecule is both the reflexion and the digonal 
of A. This may be seen from the diagram. If the symmetry of 
the molecule is represented by Fig. 13 (a), the monoclinic prismatic 
symmetry of Fig. 13 (5) can be derived from that of (a), either 
by reflexion across the plane of the paper or by digonal rotation as 
indicated. It can then be shown that the planes perpendicular to 
the axis, which contain the centres of symmetry of B molecules, 
must contain A molecules also, or exactly interleave planes con- 
taining A molecules, and that, at the same time, the centre of 
symmetry of the B molecule must lie on a line parallel to the axis 
and passing through the centre of one of the faces of the crystal 
unit. Consequently, we may find that the (010) spacing is halved 
and also the spacings of half the planes in the (010) zone. 

The experimental data are at present insufficient for a definite 
decision. The measurements on naphthalene were made some time 
ago and are in need of repetition and additions if they are to be 
used to settle the symmetry of the molecule. So far as they go, 
they seem to indicate that the twofold symmetry which the crystal 
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molecule possesses is due to the existence of a centre of symmetry.* 
Probably the same may be said of anthracene, although the available 
measurements are much less numerous than in the case of naph- 
thalene. 

The case of benzene is of great interest. The symmetry number 
of the crystal is eight, because it belongs to the rhombic bipyra- 
midal class, the last of the eight classes described above. ‘There 
are only two molecules in the unit. Each molecule has, therefore, 
a fourfold symmetry of its own. It has not got a trigonal axis; 
still less a hexagonal axis. The conventional method of repre- 
senting the molecule as a hexagon cannot be taken as a true descrip- 
tion of the molecule in the crystal. 


Fia. 14 (a). Fie. 14 (b). 


NN cai’, 


Fie. 14 (ce). 


Diagrammatic forms of (a) benzene, (b) naphthalene, (c) anthracene, which, 
respectively, have the symmetries of the crystal molecules, and at the same 
time show bonds inclined to one another at the tetrahedral angle. The 
figures are drawn as they would be seen in perspective. The sides of each 
hexagon are all equal, but do not lie in one plane. The angle between any 
pair of adjacent sides is the tetrahedral angle, 109° 24’. These figures are 
intended only to show a solution which would be in agreement with the 
X-ray analysis so far as it has gone. 


There are not enough experiments to decide the exact symmetry 
of the crystal molecule of benzene itself; it might be described as 
the symmetry of any one of classes 5, 6, or 7 (Fig. 2). In the 
paper on “ Organic Crystals ’’ to which reference has been made, 
it was assumed provisionally that the ring in the crystal would be 
exactly of the form in which sixfold arrangements of carbon atoms 
appear in the diamond. A slight modification is shown in Fig. 14 
(2), which would not really affect any of the work previously 
described, and which maintains the tetrahedral orientation of 
bonds. It has the right amount of symmetry for the crystal 
molecule of benzene. A combination of two such rings (Fig. 146) 
has a centre of symmetry only, which, as we have said, is probably 


* Note added later.—This is confirmed by further experiment. 
5B2 
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the full extent of the symmetry of the crystal molecule of naph- 
thalene. If a third ring of the diamond form is inserted between 
the latter two, we have an arrangement of three (Fig. 14c) pos. 
sessing, probably, the symmetry of anthracene. These last con. 
siderations are speculative, and are intended merely to show in 
what directions we must look for results. The questions may be 
definitely answered by further experiment. 

We may take tartaric acid as an example of a crystal of two. 
fold symmetry. The structure has recently been determined by 


Fie. 15, 


= TARTARIC ACID.— CH@W)-Coon-Coon CHOW, — 


I. Crystal unit of tartaric acid and arrangement of molecules. 

II. (a) and (6). Enantiomorphous forms each showing the arrangement 
of two molecules along the axis of a, and the projection of the carbon core 
of the molecule on a plane perpendicular to the a axis. 

III. Section of the unit perpendicular to the a axis showing the relative 
arrangement of the molecule (at each corner) and its digonal (at the centre). 


Mr. Astbury.* The unit contains two molecules, and each must 
therefore be asymmetric. The molecule could not in any case 
have a plane of symmetry, because its optical activity implies the 
existence of something of a spiral nature in the structure of the 
crystal; and a right-handed spiral becomes a left-handed spiral 
by reflexion. An active crystal cannot contain equal amounts of 
opposite spiralities. The crystal cannot possess a plane of symmetry 
for the same reason that the molecule cannot. Of the two mole- 
cules, one must be the digonal of the other, and it is found that 
the (010) spacing is halved. The structure is illustrated in Fig. 15. 
It shows, perhaps unexpectedly, two spirals. One of them is 


* Paper read before the Royal Society on December 7th, 1922. 
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right-handed, one left, but they are not the mirror images of one 
aother, occurring as they do in different parts of the crystal 
structure. The screw which is found in the carbon atoms at the 
entre of the molecule is in all probability permanent, and is 
the cause of the activity of tartaric acid in solution. The other 
srew is found in the hydroxyl groups, and may be expected to 
appear in the crystal only, where it compensates the first screw 
structurally. When the crystalline bonds are dissolved, the second 
srew disappears. Its effect on light is opposite to that of the first, 
and we must assume is greater; so that tartaric acid may revolve 
the plane of polarisation in one direction as a crystal and in the 
other direction when in solution. 


Fie. 16. 


Fic. 16. Arrangement of atoms in Al,O, molecule. 

Fic. 17. Section through centre of Al,O, molecule, perpendicular to the 
axis: showing, diagrammatically, a possible arrangement of the electrons in 
the oxygen atoms, which gives the proper symmetry to the molecule. 


The quartz crystal has sixfold symmetry, and the unit contains 
three molecules. These are arranged spirally (‘‘ X-Rays and 
Crystal Structure,” p. 165) so that the trigonal symmetry is due 
to the structural arrangement. According to Shearer’s rule, each 
crystal molecule has, therefore, a twofold symmetry and no more. 
The crystal has digonal axes, and it follows that each molecule 
has digonal symmetry. 

Corundum (ruby or sapphire) has twelvefold symmetry. There 
are two molecules in the unit, which has not quite the form defined 
by the crystallographer’s ratio a:c = 1: 1-365. It is necessary 
to double the c¢ axis, making the ratio 1: 2-73. The unit then 
tontains two molecules. According to Shearer’s rule, the mole- 
cule has, therefore, sixfold symmetry. The ruby structure has 
been solved, and it is found that the molecule Al,O, is built into 
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the structure in the form shown by the figure (Fig. 16). The 
trigonal symmetry is obvious; but the nature of the twofold 
symmetry which must also be there is not so clearly shown by the 
form of the molecule. The question is answered by considering 
the position of the molecule in the crystal. It then appears that 
the molecule has no plane of symmetry (see “X-Rays and Crystal 
Structure,”’ new edition, in the press); it possesses a digonal axis, 
namely, aa in the figure. In this case, then, the molecule con. 
tributes the trigonal and digonal axes, and the planes of symmetry 
are due to the structure. It may be well to point out that a trigonal 
axis with one plane of symmetry through it gives sixfold symmetry; 
and although there are necessarily three such planes of symmetry 
if there is one, the symmetry number is not raised in consequence. 

It is not really surprising that the Al,O, molecule has no plane 
of symmetry. Possibly the six electrons in the outer oxygen shell 
are so arranged as to give the atom the symmetry which is repre- 
sented in the usual way by the dots and small circles of Fig. 17; 
the molecule then has a digonal axis but no planes of symmetry. 

The preceding examples will serve to illustrate the nature of 
the relations between the crystal unit and the crystal molecule. 
There still remains the relation between the crystal molecule and 
the chemical molecule. So far, experiment shows that there is 
often a very close resemblance, but further experience is required 
to show how close it is. Further experience is also required before 
we can answer the very important question, To what extent can 
the properties of the one be deduced from the properties of the 
other? A very wide field of research is opening out; there is no 
need to attempt too much in the way of deduction and generalisation 
until it has been more fully explored. 

In conclusion, may we make a request? It is often difficult to 
obtain crystals suitable for examination. Crystals can be handled 
in the form of fine powder, and sometimes no other course is possible. 
But the method of the ionisation spectrometer is more convenient 
and exact. The combination of the two methods is the best o 
all. For use with the spectrometer, the crystal should weigh 4 
few milligrams at least, and should be of uniform composition, 
although it need not show any definite form. Very large number 
of crystals which would repay analysis are described in works 0 
crystallography. Very few are easily obtainable; mainly, om 
supposes, because their usefulness was imagined to be complete 
when the outer form had been described. It may be that crystal 
which would be of great use are to be found in small quantitie 
here and there, in museums or laboratories or works. The simple 
derivatives of benzene and naphthalene are examples. Sometimé 
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an isolated crystal of good structure forms accidentally. The 
erystal of benzoic acid the measurements of which have been 
described was found by Dr. Brady in a bottle of benzaldehyde 
which had been standing undisturbed for more than a year, and 
many other specimens have been given us in the same kind way. 
We should be grateful for the loan or gift of still more specimens 


of this nature. 


(CCXXXIII.—The Purification of Methyl Alcohol by 
means of Sodium Hypochlorite. 


By Rosert CHARLES MENZIES. 


By the established technical methods, there is no difficulty in 
obtaining from crude wood spirit methyl alcohol containing only 
2 per cent. of acetone; but this is sufficient to render the alcohol 
weless for many purposes. Complete separation by fractionation 
is slow and expensive. 

The reaction between hypochlorites and acetone according 
to the equation CH,-CO-CH, + 3MOCI—> CHCl, + CH,°CO,M + 
2MOH has been used for the removal of acetone from methyl 
alcohol, but working instructions have not been given. By the 
method described below, pure methyl alcohol can be obtained from 
mixtures containing up to 12 per cent. of acetone, and it is now 
established as a routine process in this laboratory. 

Preliminary experiments showed that sodium hypochlorite 
attacks acetone preferentially to methyl alcohol; the action begins 
in the cold, taking place almost instantaneously with evolution of 
much heat. There is also above 50° a vigorous action between 
methyl aleohol and sodium hypochlorite, which, however, occurs 
at the ordinary temperature only to a limited extent. The con- 
ditions determining the latter action are quite definite and can be 
easily avoided. 

Preliminary Experiments. 


In the following experiments 50 c.c. of a strongly alkaline hypo- 
chlorite solution containing 159 grams of available chlorine per 
litre were mixed with 25 c.c. of water and 5 c.c. of the alcohol; 
the constituents were mixed in a vacuum flask, and temperature— 
time curves plotted. 

Curve I for pure methyl alcohol (99-8 per cent.), free from acetone, 
shows at 15° a rise of about 2-5° in the first two minutes, followed 
by a slow rise to 21-5° after three and a half hours (only partly 
shown). After heating to 45°, there was a further rise of 4° in 
twenty-five minutes. After heating to 60°, a vigorous reaction 
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set in and the curve slopes steeply upwards ; the rise in temperature 
was arrested at 98-5°, when gentle boiling commenced. 

Since sodium hypochlorite changes exothermically into a mixture 
of chlorate and chloride, the question arose whether the slope of 
the curve obtained on adding alcohol to sodium hypochlorite was 
in any way due to this self-oxidation and reduction of the hypo. 
chlorite. In experiment No. 14, the mixture of water and hypo. 
chlorite was therefore first heated to 68° without addition of alcohdl: 
the mixture at once began to cool, the temperature falling 10° in 
ten minutes. Five c.c. of methyl alcohol were then added. After 


IB 


Temperature, 


tse 
5. 10 15 20 2 35 40 45 
Time in minutes. 


a preliminary cooling of 1°, owing to the alcohol having been added 
cold, the temperature rose rapidly as shown in IB. This curve is 
similar to, but steeper in slope than curve I, probably because the 
reaction had been partly completed at lower temperatures in the 
earlier experiment. 

Curves II and IIs differ from I and Is only in that a fraction 
of alcohol was used which boiled 0-2° lower; both samples were 
free from acetone. 

Curve III was for a commercial “ pure methyl] alcohol ”’ con- 
taining 0-5 per cent. of acetone. The initial rise from 13° to 15° 
is as in curve I; the behaviour of the mixture after heating to 
55° is practically identical with that of In. 
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These experiments show that the slope of the curve for the 
purer samples of methyl alcohol is characteristic. Curve IV, for 
s“methylic alcohol ”’ containing 11-6 per cent. (or a total of 0-58 
gam) of acetone, shows at 17° a rise of 15-5° within two minutes 
und a further rise of 2-5° in the next four minutes. The mixture 
yas then heated to 55°, when it gave a curve which differed from 
urves I to III as follows : 

(i) The slope of the. curve from 60° to 70° was much smaller, 
probably owing to the distillation of chloroform formed at the 
wmmencement of the action. 

(ii) The temperature of the mixture never reached 100°, as 
about 25 per cent. of the hypochlorite taken had already been 
destroyed by the acetone. 

In a duplicate experiment, No. V (not plotted), the hypochlorite 
olution was mixed with water containing 0-58 gram of acetone, 
the heat capacity of the mixture being also the same as in curve 
IV. The temperature rose at once from 18° to 31-5°, or 2° less than 
in the previous case. This agrees with the facts that the mixture 
of methyl alcohol and water is exothermic (Bose, Z. physikal. 
Chem., 1907, 58, 597) and that in experiments I and III an initial 
rise of 2° was observed. The mixture No. V showed no further 
rise when heated to 54°, but cooled slowly. 

These experiments prove that whilst acetone is attacked instantly 
by sodium hypochlorite in the cold, methyl alcohol is only slowly 
attacked unless the temperature is raised above 50°. 

Ethyl alcohol and fermentation butyl alcohols are also attacked 
vigorously by sodium hypochlorite at higher temperatures. In 
the latter case the mixture must be heated almost to boiling, and, 
as butyl alcohol is not readily soluble in water, it is necessary to 
stir; but the mixture continues to boil vigorously for some time 
after removal of the external source of heat. 

Formic acid was detected after reaction between methyl alcohol 
and sodium hypochlorite. Acetic acid was not tested for in the 
ethyl alcohol reaction mixture, but on acidifying the butyl alcohol 
mixture, the smell of butyric acid was at once apparent. 


hypo- 


Methods of Analysis. 


Acetone was estimated throughout by Messenger’s method 
(Ber., 1888, 21, 3368). No process of purification of methyl alcohol 
gave a zero figure by this test; the lowest was 0-03 per cent., 
but the sample was probably free from acetone, as it gave no smell 
of iodoform. Artificial solutions containing 0-014 per cent. of 
acetone gave a cloudiness due to iodoform and the characteristic 


smell of this compound. The purest samples of methyl alcohol, 
5 B* 
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therefore, probably contained some substance (or substances) 
other than acetone which destroys a small amount of sodium hypo. 
iodite, including perhaps methyl alcohol itself, in view of its action 
on the hypochlorite. Gibbs (Philippine J. Sci., 1912, 7, 57) has 
shown further that methyl alcohol exposed to the joint action of air 
and sunlight contains formaldehyde. The first runnings from a 
sample of methyl alcohol where sodium hypochlorite solution had 
been poured down the fractionating column before beginning the 
distillation, showed in the first 60 ¢.c. an apparent acetone content 
of 0-39 per cent., whilst the next 1350 c.c. showed only 0-077 per cent. ; 
in neither case was any iodoform observed during the analysis. 

Total chlorine was estimated by boiling samples with sodium 
dissolved in ethyl alcohol for about two hours, the chlorine formed 
being estimated volumetrically. Useful comparative results were 
obtained, but quantitative accuracy in estimating very small 
percentages of chlorine is not to be expected. A solution of chloro. 
form in ethyl alcohol made up to contain 0-14 per cent. of chlorine 
showed by this method 0-11 per cent. 


Details of Purification. 

Experiment VI.—The crude methyl alcohol used contained 
12-08 per cent. (w/v) of acetone ; esters (expressed as methy] acetate) 
6-7 per cent.; d!* 0-8292. These figures indicate an approximate 
methyl alcohol content of 600 grams per litre. 

The sodium hypochlorite was made up by dissolving 1 kilogram 
of powdered caustic soda in 4 litres of water and passing in 680 
grams of chlorine, being 77 per cent. of the theory. This solution 
was found to contain 144-7 grams of available chlorine per litre. 

Quantitative reaction according to the equation given (p. 2787) 
requires that 25-34 c.c. of the above solution should remove | gram 
of acetone. 2800 C.c. of the hypochlorite solution (= 110-4 grams 
of acetone) were now added to 1 litre of the alcohol, containing 
120-8 grams of acetone mixed with 2 litres of water. One hundred 
and three c.c. of chloroform separated, the volume of the brown 
supernatant liquor being 5700 c.c. The chloroform layer con- 
tained 3-5 per cent. of acetone, or 3-6 grams in all, whilst the 
supernatant liquor contained 0-1015 per cent., or 5-77 grams in all. 
Thus, of the 120-8 grams of acetone originally present, 110-4 + 
3-6 + 5-77 = 119-77 grams have been accounted for. This proves 
that the reaction between sodium hypochlorite and acetone pro- 
ceeds to completion before that with methyl alcohol begins. 

The residual acetone in the brown liquor was removed by 225 c.c. 
of the hypochlorite solution (equivalent to 8-9 grams of acetone), 
the addition of which in excess of that sufficient to remove the 
last trace of acetone was attended by discharge of the brown colour. 
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This aqueous solution of methyl alcohol was now distilled from 
a metal still through a Raschig column four feet high. 
The fractions obtained are tabulated as follows (Table I). 


TABLE I. 
Acetone Total 
Volume Weight equivalent chlorine 
No. Temp. in c.c. in grams. Density. percent. per cent. 
1 64—67° 50 45-9 0-918 0-17 0-13 
2 67—77 75 62-8 0-837 0-11 0-01 
3 77—78 100 85-1 0-851 0-085 0-005 
4 78—80-4 200 172-1 0-8605 0-063 0-0007 
5 80-4—92 200 175 0-875 0-055 0-0002 
6 92—98 500 480-1 0-960 0-015 not 
7 98—100 500 494-7 0-989 0-008 taken 


In the analysis of fraction 1, a cloudiness due to iodoform was 
noticed; this cloudiness grew fainter with each successive fraction 
and was just perceptible in the case of No. 4. 

After refractionation of Nos. 6 and 7 up to 98°, all the fractions 
were mixed, and the alcohol was dried by distillation after 
the addition of a little sulphuric acid and then over sodium, the 


fractions finally obtained being as follows : 
TABLE II. 
Acetone Total 
Weight equivalent chlorine 
No. Temp. in grams. Density. per cent. per cent. 
l 63—65° 39-9 0-798 0-04 0-003 
2 65-6— 66-4 375-1 0-8008 0-063 0-0036 
3 66—70 41-9 0-81 0-15 — 
From Landolt’s tables : 
F, contains 99-25 per cent. of methyl alcohol or 39-7 grams. 
” 98-3 ” ” ” 368-6 ” 
F; ” 95 ” 39-8 ” 


Total 4481 ,, 


As 600 grams of methyl alcohol were present in the litre of crude 
methyl alcohol, this is a yield of 74-7 per cent. 

Experiment VII.—In another experiment, 500 c.c. of a sample 
of commercial methyl alcohol, containing 7-9 grams of acetone per 
100 c.c. and 79 per cent. by weight of methyl alcohol, were treated 
with sodium hypochlorite, the distillate was dried over quicklime, 
and the following fractions were obtained : 


TABLE III. 
Total 


Weight Density Acetone chlorine 
No. Temp. in grams. 0°/0°. per cent. per cent. 
1 66-5—69° 203 0-82235 0-116 0-0114 
2 69—72 57 0-824 (15-5°) 0-2 0-0085 
From Landolt’s tables : 
F, contains 95-6 per cent. of methyl alcohol or 194 grams. 
F, ” 90 ” ” ” 51 ” 


Total 254 _,, 
5 B* 2 
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This is a recovery of 74-9 per cent. of the methyl alcohol origin. 
ally present. 
Table IV indicates that subsequent treatment with drying agents 

alone is required to obtain a very pure product. 


TABLE IV. 


Per cent. 
** Acetone ’’ B.p. corr. to Density 
per cent. 760 mm, 0°/0°. 
I. Purified over (1) sul- 0-05 64-5—64-7° 0-811076 
phuric acid, (2 and 3) 
sodium. 
II. (1) sodium and iodine, 0-064 64-6—64-9 0-811043 99-68 
(2) sulphuric acid. 
III. I and II mixed. Re- 06-086 64-5—64-7 0-810771 99-78 
distilled over sodium and 
bone charcoal. Middle No iodoform formed during these 
fraction only. analyses. 


Sidney Young gives 64-7° as the boiling point of pure methyl 
alcohol at 760 mm. (T., 1902, 81, 719). 


Heat Effect of the Reaction. 


To give an indication of the concentrations of acetone and of 
sodium hypochlorite which could conveniently be used in technical 
application of this process, the temperature changes observed in 
the course of experiment VI are now recorded. As stated, 2800 c.. 
of sodium hypochlorite solution containing 14-47 per cent. of 
available chlorine were added to one litre of crude alcohol (12-08 
per cent.), mixed with two litres of water, the mixture thus con- 
taining 4-03 per cent. of acetone. Addition of the first 1000 c.. 
of hypochlorite was followed by a rise in temperature of 24°; after 
cooling, addition of the next 1000 c.c. was followed by a rise of 
18°; whilst the final 800 c.c. caused a rise of 10-5°. The total 
rise in temperature was thus 52-5°. This is too great for a large- 
scale process, as, the concentrations indicated being used, too rapid 
addition of the sodium hypochlorite causes the chloroform formed 
to boil vigorously. The acetone content of wood spirit to be 
treated in large-scale work ought not to exceed 2-5 to 3 per cent., 
a concentration, as already stated, easily obtained by the use of 
existing technical methods. In experiment VII, the alcohol was 
diluted with water to an acetone content of 2 percent. The sodium 
hypochlorite was added at one time, and the resulting temperature 
was not inconveniently high. 

The sodium hypochlorite should be added to the alcohol to be 
purified and not vice versa. 
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Summary. 
In the above, a method of removing acetone from crude methyl 
scohol by means of sodium hypochlorite has been described. It 
s been shown that as a laboratory method it is satisfactory, 


Since sodium hypochlorite is a liquid and does not attack iron, 
the method ought to be capable of technical application, and to 
ss advantages over those making use of calcium hypochlorite 

ad of free chlorine. 


The author wishes to thank Mr. J. W. Armit, B.Sc., for invaluable 
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(CCXXXIV.—The Additive Formation of Four-mem- 
bered Rings. PartI. The Synthesis and Division * 
of Derivatives from 1: 3-Dimethindiazidine. 


By CHRISTOPHER KELK INGOLD and HENRY ALFRED PIGGOTT. 


ADDITIVE reactions, considered from the point of view of their 
mechanism, fall into two main groups, which may be symbolised 


thus : 
A‘B + C-D —» C:A-:B-D (additive chain formation) 


A‘B + CD — ie (additive ring formation). 


5 


* The word “ division ’’ is used because it is essential to have some word 
that distinguishes between the cutting of a ring asunder (that is, cutting at two 
points) and the mere cutting of a ring (at one point), for which process the 
words “fission ’’ and “‘ scission’ are in common use. It is obvious that there 
isa basic difference between the phenomena, which becomes even more clearly 
evident if the reverse processes are considered; for in this paper it is shown 
that the ‘* synthesis ’’ of a four-membered ring by the placing together of two 
double bonds often proceeds spontaneously at the ordinary temperature, whilst 
it is recognised that the “ closure ”’ of a four-membered ring from a single open- 
hain molecule is, in general, one of the most difficult operations in ring 
formation (T., 1921, 119, 951). 

The opposite of “division” (parting asunder) is ‘“‘ synthesis” (placing 
together), and the authors hold the opinion that these terms should be 

arefully preserved from such as “‘ scission” and ‘‘ closure ”’ in all discussions 
on ring formation. 
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Comparatively little attention has hitherto been directed to the 
second of these types, the main examples of which have usually 
fallen within one of the two following special cases,—(a) dimeris 
ation, that is, the special case in which A:B and C:D are identical 
as, for example, the conversion of cinnamic acid into truxillic acid 
CH(CO,H)-CHPh 
CHPh-——CH-C0O,H 

and (b) reactions of the ketens, for instance, the following formation 


of triphenylcyclobutanone (Staudinger and Suter, Ber., 1920, 53 
1092) : 


2CHPh:CH-CO,H — 


CPh,-CH, 
CPh,:CO + CHPh:CH, —> (0? Tay 


The general type of change to which these instances belong i 
clearly the intermolecular analogue of the intramolecular four 
membered ring transformations by means of which the properties 
of aromatic and allied heterocyclic compounds have recently bee 
interpreted (this vol., p. 1133) : 

E—A=B E—A—B . - lic) 

I! => || (aromatic or heterocyclic 

F—c=b ~” #d—1 , 


< 4 i ) 


and therefore it would appear of first importance for the furthe 
study of aromatic structure to endeavour to carry the intermolecula 
phenomenon outside the two specialised fields within which it has 
hitherto been investigated, and to prove, if possible, that it has 
very large degree of generality. It is with this object that the 
present series of researches has been commenced. 

In this paper, it is proposed to examine the conditions of form: 
ation, and the stability, of the 1 : 3-dimethindiazidine ring, th 
synthesis of which might be expected to follow, in accordanc 
with the general equation for additive ring formation alread) 
given, from the interaction of two azomethines : 

X-OH-N-Y 
Y"-N—CH-X’ 


It may be stated at once that the experiments described in thi 
paper clearly demonstrate the occurrence of this reaction, all 
are mainly concerned with its more exact study. 

If it is indeed true that the intramolecular transformation 
previously examined are to be traced to a generally prevaililf 
tendency towards the additive formation of four-membered ring 


X-CH:N-Y + X’-CH:N-Y’ —> 
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which operates whether the participating double bonds are in the 
same or in different molecules, then it follows inevitably that the 
intermolecular reactions now under consideration must be rever- 
sible.* Experiment shows that this is the case; but in order to 
render intelligible the results described in this paper, it is necessary 
to examine the nature of the evidence in some detail. 

First, there is indisputable evidence of reversibility in each of 
the two special fields within which additive ring formation has 
hitherto been studied. Thus, as regards dimerisation, the reaction 
by which truxillic acid is formed is reversed at higher temperatures 
(Riiber, Ber., 1902, 35, 2908), whilst in the heterocyclic series a good 
example is provided by the dimerisation of nitroso-compounds, 
which, in numerous cases, reach measurable equilibria at the 
ordinary temperature : 


ong i oR-N:O —= RY—? 
> four O—N-R 
perti 


Amongst the ketens, there is, for instance, the observation (loc. 
cit.) that triphenylcyclobutanone is resolved into its factors at 200°, 
and, in the heterocyclic series, an example of reversibility is afforded 
by the reaction investigated by Staudinger and Gdller (Ber., 1911, 
44, 532) : 


; ‘ Ph,-CO 
CPh,:CO + CPhy:NPh <== {Ps 
iantiaiheanty CPh,-NPh 

Thus the most cursory examination of the literature reveals unmis- 
takable indications of a uniformity between the reactions under 
discussion and the intra-annular and benzenoid transformations 


ecula 
it hag the basis of which we wish to find in intermolecular phenomena. 
We may now adopt the following fundamental hypothesis, the 


consequences of which will be found to agree in a very satisfactory 
way with all the observations which have hitherto been made to 
test it: In double-bonded compounds there exists a general tendency 
towards the establishment, in the liquid state or in solution, of an 
equilibrium with the dimeric form : 


ence ih Oe 
2A:B = b— A 
In certain cases the equilibrium might be very one-sided (as with 
carbonyl and azo-compounds, the molecular weights of which in 
solution are almost invariably normal), or it might be very slowly 
attained (as with most ethylenic compounds at the ordinary tem- 
perature); but in other cases, for instance, many azomethines, 


* The argument is analogous to that which was recently used (this vol., 
p. 1765), when it was shown that the basis of three-carbon tautomerism is to 
be found in the reversibility of Michael’s reaction. 
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nitroso-compounds, and ketens, there is much evidence that no 
such extreme conditions prevail, and that the above equilibrium 
may become of a measurable order, and may be rapidly established, 

When solutions containing two such equilibrated systems are 
mixed, new equilibria, corresponding with limited additive ring 
formation between two unlike molecules, will, in general, be estab. 
lished. Since the cycloid so obtained can, with equal a priorj 
probability, undergo division in either of two directions, the new 
balanced system will be a two-fold one, four products being in 
equilibrium with the ring compound : 


‘ , i , 
A‘B+ CD == b—p == A‘C + B:D 
unless the insolubility, infusibility, or volatility of one of the 
substances, or some property inherent in the cyclic additive 
product, definitely determines the course of the change. 

In a completely equilibrated solution, in addition to the above 
two-fold equilibrium, there will be four simple equilibria between 
each of the four double-bonded substances and its dimeride. As 
a consequence of the hypothesis, three types of result are to be 
expected on studying a sufficient number of instances. Case 1.— 
If the proportion of cyclic substances at equilibrium is relatively 
small, so that the isolable forms of the reacting substances are the 
monomeric forms, and if, also, equilibration is slow, then either 
the factors (A°:B + C:D), or the products (A?C + BD), or the 


, 


intermediate cycloid (af), or a mixture of all five might be 
obtained on evaporation after a period of time. Case 2.—If the 
proportion of cyclic substances is small at equilibrium, and if 
equilibration is rapid, then, on evaporation, one should obtain a 
mixture either of the factors or of the products, according to the 
manner in which the equilibrium is shifted during evaporation by the 
deposition from solution of the substance which happens to be the first 
to crystallise. Case 3.—If the dimeric substances are comparatively 
slightly dissociated, the results, for slow and quick equilibration, 
would be the same as in cases (1) and (2), excepting that, in rapid 


A—B ' , 
equilibration, the intermediate cycloid ( s_b) might conceivably 


be obtained as sole product if it were the first to crystallise. 

In many of the examples studied, equilibration took place rapidly 
at the ordinary temperature; in some cases it proceeded rather 
slowly; in almost all cases the results proved that the formation 
of cyclic substances in the equilibrated solution was relatively 
small, so that the isolation of the intermediate diazidine was 
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ible only in those instances in which the two successive changes 
particularly the second one) proceeded at a small velocity. Of 


ished. the fifteen instances which have been studied, details of which are 
IS are Mf given in the experimental portion, five were slow reactions falling 
’ ring J within case (1), two were moderately slow reactions which are a 


little difficult to classify, and eight were rapid reactions falling 
under case (2). No instance belonging to case (3) has yet been 
met with in the 1 : 3-dimethindiazidine series. Thus four types 
of experiment have been carried out in order to test the consequence 
of the postulate on p. 2795: (A) Experiments (on slow reactions 
helonging to case 1) leading to the isolation of the intermediate 
diazidine by manipulation of the solution while still out of equi- 
librium, and to the division of the pure cycloid into its products 
(three experiments). (B) Experiments (also on slow reactions 
belonging to case 1) leading to the proof that an equilibrium exists 
between the factors, the cycloid, and the products, and that the 
same equilibrium can be approached from either side (two experi- 
ments). (C) Experiments (on moderately fast, or fast reactions 


As f belonging to case 2) leading to the isolation of the two products 
» be ff of division of the cycloid (ten experiments). (D) Experiments (on 
|.— § rapid reactions belonging to case 2) leading to the isolation of the 
rely ff factors in the presence or absence of excess of one of them (three 
the § experiments). 
her These experiments confirm in a remarkable way the conse- 
the # quences, as regards ring formation from azomethines, of the 
he hypothesis introduced on p. 2795. Work has now been com- 

menced with the view of examining its application to the inter- 
the + actions of compounds containing various types of double bond 
if (CC, CIN, C20, C2S, NIN, and N:O) with themselves and with one 
-a ff another, and enough has already been done to show that the 
he §§ additive formation of four-membered rings in the sense of the 
he # equations given is a process of great generality, and that in all 
st {§ probability we are here dealing with a simplified form of one of the 
ly chief types of change which take place within the nuclei of aromatic 
n, and heterocyclic substances. 
id 
y EXPERIMENTAL. 


(A) Additive Reactions between Azomethines Leading to 1 : 3-Di- 
methindiazidines and the Division of these, yielding Azomethines. 
(1) The Reaction (p) OH-C,.H,-CH:NPh + CHPh:N-C,H,Br (p) == 

(p) OH-C,HyCH-NPh C.H.-CHN: 
(,H,Br(p)-N— CHPh > (p) OH-C,H,-CH°N-C,H,Br (p) + 

CHPh:NPh.—p-Hydroxybenzylideneaniline was mixed with about 
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half the quantity of hot alcohol required to dissolve it, and an 
equivalent of benzylidene-p-bromoaniline added. The hydroxy-base 
at once dissolved and the solution was immediately cooled and 
evaporated in a vacuum at a low temperature. 

3-p-Bromophenyl-2-p-hydroxyphenyl-1 : 4-diphenyl-1 : 3-dimethindi. 
azidine.—This substance separated from the solution in pale green, 
glistening leaflets, and was recrystallised from cold alcohol in the 
same way. It melted at 165—167°, but on keeping for a short 
time in the fused condition was transformed into the azomethines 
mentioned below (Found: C = 68:0; H=48; N=64; Br= 
17°85. C,,H,,ON,Br requires C= 682; H=46; N=61; 
Br = 17°5 per cent.). 

Division of the Diazidine into p-H ydroxybenzylidene-p-bromoaniline 
and Benzylideneaniline.—This reaction takes place when the ring. 
compound is either fused for a short time or heated in alcohol. 
The mixture obtained by either method may easily be separated 
into its constituents by means of benzene, in which the hydroxy. 
bromo-derivative is insoluble. The latter was identified by analysis 
(Found: N = 5:2 per cent.) and by direct comparison, and by 
the melting point of its mixture, with the substance described 
below. The benzylideneaniline was also identified by similar 
means (Found: N = 8'1 per cent.). 

p-Hydroxybenzylidene-p-bromoaniline.—This substance is formed 
with evolution of heat when p-hydroxybenzaldehyde and p-bromo- 
aniline are ground together, but it is best prepared by adding one 
equivalent of p-bromoaniline to a boiling saturated solution of 
p-hydroxybenzaldehyde in ethyl alcohol. The precipitate, which 
rapidly separates from the hot solution, is collected after cooling 
and crystallised from ethyl acetate, from which the pure base 
separates in small, pale yellow needles (Found : C = 56°8; H = 3'8; 
Br = 28°7. C,,H,;jONBr requires C = 56:5; H = 5-1; Br = 290 
per cent.). It is almost insoluble in benzene or ligroin, but easily 
soluble in alcohol or ethyl acetate. 

(II) The Reaction (p) OH-C,H,-CH:NPh + CHPh:N-C,H,:NO, (m) 
__. (m) NO,°C,HyN—CHPh__ ’ CON. . 
=" (p) OH-C,H,: On: uPh => (p)OH-C,H,’CH:N-C,H,-NO,(m)+ 
CHPh:NPh.—Equivalent quantities of p-hydroxybenzylideneaniline 
and benzylidene-m-nitroaniline were mixed in cold ethyl benzoate 
solution, and the orange-brown needles which separated on seeding 
were collected from time to time, until examination by a lens 
indicated the deposition of a second substance. 

3-m-Nitrophenyl-2-p-hydroxyphenyl-1 : 4-diphenyl-1 : 3-dimethindi- 
azidine.—This substance separated from cold ethyl] alcohol in long, 
felted, orange needles, m. p. 178° with previous sintering (Found: 
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¢=735; H=52. C,,H,,0,N, requires C = 73°38; H = 5°0 per 
cent.). 

Division of the Diazidine into p-Hydroxybenzylidene-m-nitroaniline 
and Benzylideneaniline—This was done by the two methods used 
in the preceding case. The hydroxynitro-base was identified with 
the substance described below by analysis (Found: N = 12°0 


In the per cent.), by direct comparison, and by the melting point of the 
“ short mixture. The benzylideneaniline was identified as before (Found : 
ethines N = 8:0 per cent.). 

Br = p-Hydroxybenzylidene-m-nitroaniline. — p-Hydroxybenzaldehyde 


and m-nitroaniline condense when boiled together in alcoholic 
solution for twenty-four hours. The product crystallises from 
alcohol in short, stout needles, m. p. 190—191° (Found: C = 63°7; 
H=43; N= 11-7. C,,3H,0,N, requires C = 644; H= 42; 
N = 11°6 per cent.). It is almost insoluble in benzene or ligroin, 
but easily soluble in alcohol or ethyl acetate. 


Aniline 
] ring. 
cohol, 
arated 


lroxy. (III) The Reaction with p-nitrobenzylideneaniline and benzyl- 
alysis # idene-o-nitroaniline was carried out like the preceding one, and the 
o.. cycloid isolated in the same way, excepting that benzene was used 
Ti 


in place of ethyl benzoate. 

3-0-Nitrophenyl-2-p-nitrophenyl-1 : 4-diphenyl-1 : 3-dimethindiaz- 
idine.—This substance crystallises from benzene in fine, buff-coloured 
needles, m. p. 163—165° (Found : C = 68°7; H = 4°6. CygHs )0,N, 
requires C = 69°0; H = 4:4 per cent.). 

Division of the Diazidine into p-Nitrobenzylidene-o-nitroaniline and 
Benzylideneaniline—This decomposition was carried out as in the 
preceding case, and the products were separated with the aid of 
ligroin, in which the dinitro-base is sparingly soluble. The latter 
was identified with the substance described below, and the benzy]l- 
ideneaniline as in the preceding examples. 

p-Nitrobenzylidene-o-nitroaniline—This was formed by heating 
p-nitrobenzaldehyde with o-nitroaniline without a solvent until 
water vapour ceased to be evolved. The product was drained on 
porous porcelain from a little sticky matter, and then recrystallised 
from benzene, from which it separated in bright yellow very 
minute needles, m. p. 118° (Found: C=578; H=3°3. 
C,;H,O,N, requires C = 57°6; H = 3:3 per cent.). 


milar 


(B) Additive Reactions between Azomethines Leading to an Equi- 
librium which can be Reached from Both Sides. 

(IV) The Reaction (m) NO,°C,H,CH:NPh + CHPh:N-C,H,Br (p) 
= cycloid == (m) NO,°C,H,CH:N-C,H,Br (p) + CHPh:NPh.— 
The cycloid was not isolated in this case. Equivalent quantities (a) 
of m-nitrobenzylideneaniline and benzylidene-p-bromoaniline, (5) of 
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m-nitrobenzylidene-p-bromoaniline and benzylideneaniline, were 
- mixed in benzene solution and kept at 80—100° for several weeks 
and then examined. Identical results were obtained in both cases, 
A quantity of m-nitrobenzylidene-p-bromoaniline (below) separated 
when the solvent was evaporated and the residue rubbed with a - 
little fresh benzene. m-Nitrobenzylideneaniline was obtained by 
tituration with cold ligroin, which on evaporation deposited 
benzylidene-p-bromoaniline. Benzylideneaniline was obtained from 
the ultimate residue by rubbing with carbon disulphide. The 
four products were identified by direct comparison with authentic 
specimens, and by the melting points of mixtures with these. 

m-Nitrobenzylidene-p-bromoaniline—This was prepared by heat- 
ing the appropriate aldehyde and amine together without a solvent 
until water vapour ceased to be given off, and crystallising the 
product from benzene, whence it was obtained as very pale yellow 
prisms, m. p. 84—85° (Found: Br = 26-2. C,,H,O,N,Br requires 
Br = 26-2 per cent.). 

(V) The Reaction (m) NO.°C,HyCH:N-CH,-C,H,NO, (p) + 
(p) NO,°C,H,CH:N-CH,°C,H,-NO, (m) == cycloid = 
(m) NO,°C,H,-CH:N-CH,°C,H,NO, (m) + 

(p) NO.°C,H,’CH-N-CH,-C,H,-NO, (p).— 
(a) Formation of p-Nitrobenzylidene-p-nitrobenzylamine and m-Nitro- 
benzylidene-m-nitrobenzylamine from m-Nitrobenzylidene-p-nitro- 
benzylamine and_ p-Nitrobenzylidene-m-nitrobenzylamine.—Three 
grams each of p-nitrobenzylidene-m-nitrobenzylamine and m-nitro- 
benzylidene-p-nitrobenzylamine were dissolved in 10 c.c. of ethyl 
acetate and the solution was kept at the ordinary temperature 
until crystallisation appeared to have ceased. The solid, after 
four crystallisations from ethyl acetate, melted at 148°, and did 
not depress the m. p. of pure p-nitrobenzylidene-p-nitrobenzylamine 
(below), with which direct comparison showed its identity. The 
ethyl acetate filtrate was concentrated to 5 c.c., seeded with the 
above dinitro-compound, filtered after half an hour, and then 
seeded with a crystal of m-nitrobenzylidene-m-nitrobenzylamine, 
which slowly separated. After two crystallisations from alcohol, 
the product melted at 138°, and did not depress the m. p. of pure 
m-nitrobenzylidene-m-nitrobenzylamine (below), with which its 
identity was established by direct comparison. 

(b) Formation of p-Nitrobenzylidene-m-nitrobenzylamine and 
m-Nitrobenzylidene-p-nitrobenzylamine from m-Nitrobenzylidene-m- 
nitrobenzylamine and p-Nitrobenzylidene-p-nitrobenzylamine.—Equal 
quantities of p-nitrobenzylidene-p-nitrobenzylamine and m-nitro- 
benzylidene-m-nitrobenzylamine (below) were dissolved in the 
minimal quantity of boiling ethyl acetate and the solution was 
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kept at 60° for one hour and then cooled. No crystals separated 
until a trace of finely powdered p-nitrobenzylidene-m-nitrobenzyl- 
amine was added, with consequent deposition of this substance. As 
crystallisation proceeded, p-nitrobenzylidene-p-nitrobenzylamine 
and m-nitrobenzylidene-m-nitrobenzylamine began to be deposited. 
The ultimate residue almost certainly contained a large proportion 
of m-nitrobenzylidene-p-nitrobenzylamine, but it could not be 
entirely freed from the accompanying trace of the less soluble. 
isomerides. The p-nitrobenzylidene-m-nitrobenzylamine was iden- 
tified by its m. p. and by that of its mixture with an authentic 
specimen. 

p-Nitrobenzylidene-p-nitrobenzylamine.—The appropriate aldehyde 
and base were mixed together in ethereal solution, the solvent 
was evaporated, and the residue recrystallised from boiling benzene. 
It separated in colourless needles, m. p. 150° (Found: C = 58-5; 
H=44. C,,H,,0O,N, requires C = 58-9; H=3-9 per cent.), 
and was rather sparingly soluble in alcohol, benzene, or ether, but 
easily soluble in ethyl acetate or chloroform. 

m-Nitrobenzylidene-m-nitrobenzylamine.—This base was prepared 
like the preceding one. The product separated from alcohol or 
benzene in glistening leaflets, m. p. 141° (Found: C = 59-0; 
H=4-2. (C,,H,,0,N, requires C = 58-9; H = 3-9 per cent.). It 
is extremely soluble in chloroform, moderately soluble in ethyl 
acetate, and rather sparingly soluble in cold benzene or alcohol. 


—-S Fase aPF Fe 


(C) Additive Reactions of Azomethines Leading to the Isolation of 
the Products of Division of the Cycloid. 

(VI) The Reaction (m) NO,°C,H,°CH:NPh + CHPh:N-C,H,NO, (0) 
= cycloid == (m) NO,°C,H,yCH°N-C,H,NO, (0) + CHPh:NPh.— 
This change takes place to a considerable extent from left to right 
when the initial substances are allowed to react in benzene solution 
at the ordinary temperature for several weeks. m-Nitrobenzylidene- 
0-nitroaniline crystallises from the solution, whilst benzylideneaniline 
may be isolated by evaporating the solvent and extracting the 
residue with cold carbon disulphide (Found : N = 7-9 per cent.). 

m-Nitrobenzylidene-o-nitroaniline forms bright yellow, feathery 
crystals, and, after crystallisation from benzene, melts at 143—145°. 
The substance obtained by the above method was identified by 
analysis (Found: C = 57:2; H = 3-7 per cent.), and by direct 
comparison and the melting point of its mixture with a specimen 
prepared by heating m-nitrobenzaldehyde with o-nitroaniline, with- . 
out the addition of a solvent, until water ceased to be evolved 
(Found: C= 57-4; H=3-4; N= 15-8. C,,H,O,N, requires 
C= 57-6; H= 3-5; N = 15-5 per cent.). 
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(VII) The Reaction (m) NO,*C,HyCH-NPh + CHPh:N-C,H,'NO, 
(m)== cycloid == (m) NO,°C,H,°CH:N-C,H,-NO, (m) + CHPh:NPh, 
—This change goes practically completely from left to right in the 
course of forty-eight hours at the ordinary temperature in benzene 
solution. The separation of the products was effected as in the 
preceding instance, and each was identified by comparison and 
by the m. p. of its mixture with a genuine specimen. 

The m-nitrobenzylidene-m-nitroaniline, prepared either in the 
above manner, or by condensation of the appropriate aldehyde 
and base, crystallised from benzene in aggregates of pale buf- 
coloured needles, m. p. 158° (Found: C = 57-6; H = 3-5. Cale, 
C = 57-6; H = 3-3 per cent.). Hantzsch gives 153° as the m. p. 
(Ber., 1890, 23, 2775). 

(VIII) The Reaction (m) NOg*CgHyCH:NPh -+ CHPh:N-C,Hy NO, 
(p) == cycloid == (m) NO,C,HyCH-N-C.HyNO, (p) + 
CHPh:NPh.—This reaction requires about one month for its com- 
pletion, but is otherwise very similar to reaction (VI). The 
products were separated and identified in the same way. Indications 
of the formation of the cycloid were obtained, but it could not be 
isolated in a pure condition. 

m-Nitrobenzylidene-p-nitroaniline was prepared for comparison 
with the substance obtained in the above reaction by heating the 
appropriate aldehyde and base together without a solvent until 
water ceased to be evolved. The product crystallised from benzene 
in aggregates of olive-yellow needles, m. p. 145—146° (Found: 
C= 579; H=36; N=15-7. C,,H,O,N, requires C = 57-6; 
H = 3:3; N = 15-5 per cent.). 

(IX) The Reaction (p) NO,°C,H,CH:NPh + CHPh:N-C,H,-NO, (m) 
== cycloid == (p) NO,°C,H,CH:N-C,H,-NO, (m) + CHPh:NPh.— 
This reaction is very similar to (VII) and was carried out in the 
same way. 

p-Nitrobenzylidene-m-nitroaniline was prepared from the alde- 
hyde and base for purposes of comparison. It separated in stout, 
orange prisms, m. p. 154—155° (Found: .C = 57:8; H = 34. 
Cale., C = 57-6; H=3-3 per cent.). Lowy and King rccord 
m. p. 152° (J. Amer. Chem. Soc., 1921, 43, 627). 

(X) The Reaction (p) NO.°C,H,CH:NPh + CHPh:N-C,H,:NO, (p) 
= cycloid == (p) NO,°C,H,-CH:N-C,H,-NO, (p) + CHPh:NPh.— 
This reaction is in all respects similar to (VIII), and was carried 
out in the same. way. 

p-Nitrobenzylidene-p-nitroaniline was prepared, for comparison, 
from the aldehyde and base, and obtained as bright yellow prisms, 
m. p. 199—200° (Found: C = 57-7; H=3-6. Cale., C = 576; 
H = 3:3 per cent.). Lowy and King give m. p. 198-5° (loc. cit.). 
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“NO, § (XI) The Reaction (p) NO.°C,H,CH:NPh + CHPh:N -C,H,Br (p) 
NPh. § = cycloid == (p) NO,°C,H,-CH:°N-C,H,Br (p) + CHPh:NPh.— 
n the Mi This change takes place from left to right in the course of a few 
zene M hours in benzene solution at the ordinary temperature, and in a few 


minutes on boiling. In the latter case the bromonitro-base crystal- 
lises on cooling (Found: Br = 26-5. Cale., Br = 26-2 per cent.). 
p-Nitrobenzylidene-p-bromoaniline was also prepared, for com- 
parison, from the appropriate aldehyde and base. It separated 
fom benzene in short, yellow needles, m. p. 160—161° (Found : 


nuff. B Br= 26-4 per cent.). Lowy and King record m. p. 160-5° 

ale., Hf (loc. cit.). 

. Dp. (XII) The Reaction (p) NO.°C,H,CH:N-CH,Ph + 
CHPh:N-CH,°C,H,NO, (p) 

VO, B= cycloid == (p) NO, C,H,CH°N-CH,°C,HyNO, (p) + 

+ § CHPh:N-CH,Ph.—This reaction occurs almost instantaneously when 


the mononitro-bases are melted together at 70—100°, and is quanti- 
tative from left to right if they are mixed in dry ether or benzene. 
The p-nitrobenzylidene-p-nitrobenzylamine, most of which crystal- 
ised from the solvent used, was purified by recrystallisation from 
alcohol, and identified by its melting point (150°) and nitrogen 
content (Found: N = 14-4. Calc., N = 14-7 percent.), and by direct 
comparison with a known specimen. After the dinitro-compound 
had been caused to crystallise as completely as possible by rubbing 
with solvents, the oily residue was distilled under diminished 
pressure. After two distillations, the benzylidenebenzylamine was 
obtained as a pale yellow oil, b. p. 192°/30 mm. (Found: N = 7-7. 
Cale., N = 7-2 per cent.). It was definitely identified by hydrolysis 
by dilute hydrochloric acid to benzaldehyde and benzylamine, 
which were separated and identified by conversion into crystalline 
derivatives (benzaldehydesemicarbazone and benzoylbenzylamine). 
(XIII) The Reaction (m) NO,°C,H,CH:°N-CH,Ph + 
CHPh:N-CH,°C,H,°NO, (m) 
= cycloid == (m) NO,°C,H,CH:N-CH,°C,H,NO, (m) + 
CHPh:N-CH,Ph.—This reaction was carried out like the preceding 
one and the products were identified in the same way. The m-nitro- 
benzylidene-m-nitrobenzylamine was separated by taking advantage 
of its insolubility in cold benzene. 
(XIV) The Reaction (p) NO,°C,H,CH:N-CH,Ph + 
CHPh:N-CH,°C,H,°NO, (m) 

= cycloid == (p) NO, C,H,yCH:N-CH,°C,H,NO, (m) + 
CHPh:N-CH,Ph.—This reaction was carried out by fusing the 
mononitro-bases together at 60°. The products were separated 
and identified as previously described (for the dinitro-compound : 
Found : N = 14-7. Calce., N = 14:7 per cent.). 
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(XV) The Reaction (m) NO,.°C,H,CH:N-CH,Ph + 
CHPh‘N-CH,°0,H,'NO, (p) 
== cycloid == (m) NO,°C,H,CH°N-CH,°C,H,NO, (p) + 
CHPh:N-CH,Ph.—This reaction was carried out like the preceding 
one, and the products were identified in the same way (for the 
dinitro-compound : Found: N = 14-7. Cale., N = 14-7 per cent.), 


(D) Reactions Leading to the Isolation of the Factors. 


Under this head are included attempts to detect reversibility 
of the reactions of section C. It is unnecessary to describe these 
experiments, as the method is the same as in section C, and the 
general result has been referred to in the introduction. 

(XVI) p-Nitrobenzylidene-p-nitroaniline and excess of benzylidene- 
aniline at 100°. 

(XVII) p-Nitrobenzylidene-p-bromoaniline and eacess of benzyl- 
ideneaniline at 100°. 

(XVIII) p-Nitrobenzylidene-p-nitrobenzylamine and excess of 
benzylidenebenzylamine at the ordinary temperature and at 100°. 

Notr.—Preparation of Benzylidene-o-nitroaniline. This substance, 
which was required for experiments (III) and (VI) and had not been 
previously described, was prepared by heating benzaldehyde with 
one equivalent of o-nitroaniline without a solvent until the evolution 
of water vapour had nearly ceased. Condensation was not quanti- 
tative, but the product set to a thick paste of crystals which was 
purified by draining on porous porcelain and crystallising from 
benzene. The substance forms small, bright orange needles, 
m. p. 118° (Found: C = 69-2; H=4-6. C,,;H,jO,N, requires 
C = 69-0; H = 4-4 per cent.). 

We wish to thank the Royal Society for a grant with the aid of 
which much of the expense of this work has been met. 


IMPERIAL COLLEGE oF SCIENCE AND TECHNOLOGY, 
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CCCXXXV.—The Composition of Paraffin Wax. 
Part Ill. 


By Francis Francis, Cyrm. Mercer WarTkKINS, and REGINALD 
WILFRED WALLINGTON. 


In the last communication (this vol., p. 1529), we described the 
isolation and properties of seven constant-boiling fractions obtained 
from parafiin wax, and pointed out that these—lettered B to H— 
constitute about 80 per cent. of that material. 
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The present account deals with the air oxidation of these and 
other fractions at 100°, and with the separation of the constituents 
of the resulting products. 

We have still to prove that the constant-boiling fractions are 


+ 
ding ] pure OT fairly pure hydrocarbons, although we believe that the 
- the ] agument advanced in this communication is very strong evidence 
nt,), gin support of the view that they are not mixtures. 


I.—Velocity of Oxidation. 

The method employed in the oxidation of the fractions is similar 
to that previously described (loc. cit., p. 496); it was carried 
out by means of a current of dry and carbon dioxide-free air 
at 100°. 

In all cases carbon dioxide and formic acid were produced, and 
an estimation of these made in six cases led us to the conclusion 
that the amounts of carbon in both these substances correspond 
closely in each case with the oxidation of one gram-atom of carbon 
per one gram-molecule of hydrocarbon. 

At suitable intervals during the oxidation, specimens were taken 
and analysed; their melting points and the percentage of oxygen 
deduced are given in Table I. 

Table I gives the data for nine fractions; of these A, which is 
almost certainly a mixture, boils over a range of at least 10°; and 
residue 18—21, known to be a mixture, over a range of 30°. 

Six fractions, lettered B, C, E, F, G, and Residue, were treated 
with 2 per cent. of turpentine, whereas A, D, and H were oxidised 
in the absence of this substance. The results obtained, however, 
and others to be communicated later, indicate clearly that oxidation 
would have taken place without turpentine, and that the “ latent 
period ”’ (loc. cit., pp. 499, 1534) has been very considerably dimin- 
ished by the long period of heating involved in the fractionation of 
the wax. 

Full details of the fractions oxidised will be found in the previous 
communication (loc. cit., p. 1532). 

It will be seen that the first and the last fractions oxidise at a 
much slower rate than any of the others, but that whereas fraction 
A finally showed an oxygen content of 12-9 per cent., the amount 
of this element in the “‘ residue ’’ does not increase beyond 6-3 per 
cent. 

Fraction G has a molecular weight of 450, and is oxidised in a 
manner comparable with the others, yet synthetic dotriacontane 
with the same molecular weight has been shown to resist oxidation 
under similar conditions; consequently it is perfectly clear that 
these two hydrocarbons are not identical. 
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II.—Separation of Products of Oxidation. 


The materials resulting from the oxidation of the various fractions 
given in Table I (the molecular weight and acid value of which 
are given in Table Ii) were dissolved in absolute alcohol, treated 
with an excess of a cold concentrated solution of potassium hydr- 
oxide, and made up to equal volumes of water and alcohol. The 
resulting solution was then repeatedly extracted with light petroleum, 
which removes inert material. The acids were liberated from their 
salts and divided into those soluble and insoluble in light petroleum. 
The former correspond to those previously designated as «- and B-, 
and the latter to the y-acids (loc. cit., p. 507). The process has to 
be repeated in order to effect a complete separation of the inert and 
acidic constituents. The amounts of these two acids, expressed 
as a percentage of the oxidation product, together with their acid 
values, are given in Table II. 

After the above separation had been effected, a determination 
of the saponification value of the various inert specimens showed 
the presence of esters and possibly of anhydrides; the following 
values were obtained for fractions A to ‘“‘ Residue,’ namely, 37-5, 
39-6, 21-6, 40-2, 25-1, 54-7, 41-8, 38-8, 23-1, respectively. The 
inert material was consequently saponified and the acids and 
neutral material were separated as described above. The acids 
obtained from each fraction by this treatment, together with their 
melting points and acid values, are given in Table IIT and expressed 
as percentages of oxidation product. 

The resulting neutral materials still contained unchanged hydro- 
carbons, which were separated by crystallisation from acetone, in 
which they are very insoluble in the cold. On repeating the oper- 
ation several times, hydrocarbons were obtained, the analyses of 
which showed they were completely free from oxygen-containing 
substances. The neutral material, which certainly contains alcohols 
and very probably other oxygen derivatives, together with the 
unoxidised hydrocarbons, are given in Table II as percentages of 
oxidised product. A discussion on the latter substances is given 
in the next section. 

In the accounts of the various separations outlined in this section, 
it will be realised that, to begin with, only relatively small quantities 
of the constant-boiling fractions of paraffin wax were available 
(see Table I), and, further, that repeated operations had to be 
carried out with the oxidised materials in order to obtain the pure 
constituents; in such circumstances losses were unavoidable, and 
their extent can be judged from the data given in Table II; it will 
be seen that in three cases the total loss was about 10 per cent. and 
in five others less than 5 per cent. 
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Qn the other hand, mixtures of the various oxidation products 
can be obtained readily and in quantity from the oxidation of 
paraffin wax itself, and the work on which we have been engaged 
for some time makes it appear highly probable that a separation 
of such mixtures can be effected; it will then be possible to com- 
pare the resulting substances with those isolated from the oxidation 
of the constituent fractions of the wax, which are described in this 
communication. 

At this stage of the investigation, it is only possible to state 
gnerally that, omitting fraction A and the Residue, the various 
percentages of the constituents indicate that a very similar change 
has been effected in all cases. 

We experienced difficulties in separating the constituents of the 
oxidised product from the residues, fractions 18 to 21, and the 
data for alcohols, etc., and unoxidised hydrocarbons in this case 
are much less accurate than in the others. 


IlIl.—Nature of Unoxidised Hydrocarbons. 


The molecular weight of the hydrocarbons recovered from the 
oxidation mixture, together with their melting points, are given in 
Table If; and on comparison with the corresponding data for the 
fractions in columns 2 and 3 it will be seen that, within experimental 
eror, they are the same. 

It was found that determinations of the melting points of mixtures 
of some of the original fractions always showed a depression below 
that of the lower-fusing hydrocarbon; thus a mixture of equal 
quantities of E, m. p. 57-3°, and F, m. p. 60-9°, melts at 53-6°. 
It will be seen in Table II that the melting points of mixtures of 
fractions B to E and G with the respective hydrocarbons which 
escaped oxidation gave no indication that the residues were other 
than identical with the original fraction. 

The percentage solubility of the residual hydrocarbons in chloro- 
form at 15° was determined in the cases of those recovered from 
fractions B to F and found to be 20-4, 8-5, 5-6, 3-5, and 2-5, respec- 
tively, the numbers for the original fractions being 20-6, 8-38, 
542, 3-48, and 2-0; again, the data, with the exception of that 
for F (in which only small quantities were available), are the same 
within experimental error. 

Finally, we have confirmed the identity in the case of fractions 
CU, E, F, and G by comparing the refractive indices of these with 
those of the corresponding hydrocarbons left unoxidised. This 
comparison was made at different temperatures between 60° and 
82° and showed unmistakably the exact similarity of the two groups. 
On the other hand, in the case of fraction A and the Residue, 
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known to be mixtures, the unoxidised hydrocarbons recovered 
were not identical with the original material. 

There is no doubt that the seven fractions of constant boiling 
point leave small quantities of unoxidised hydrocarbons which jy 
each case are identical with the fraction used. Now, had fractic, 
B, for instance, consisted of a mixture of two hydrocarbons in some 
definite proportion, that is, a constant-boiling mixture, it is not 
likely that, in this case, unoxidised residue amounting to only 
7-7 per cent. should consist of these two hydrocarbons in exactly 
the same proportion. But that such conditions should obtain in 
the case of six other fractions is so extremely improbable that we 
regard the identity of the original with the residual hydrocarbons 
as strong evidence that the fractions of constant boiling point isolated 
from paraffin wax are pure hydrocarbons and not mixtures. 


Our thanks are due to the University Colston Society for grants 
towards the expenses of this work, and to the Department of 
Scientific and Industrial Research for assistance which has again 
enabled two of the authors (C.M.W. and R.W.W.) to take part 
in the investigation. 


CHEMIcAL DEPARTMENT, 
UNIVERSITY OF BRISTOL. [Received, November 16th, 1922.] 


CCCXXXVI.—The Mechanism of the Bromination of 
Phenol in Aqueous Solution. 


By Harry BaAInes. 


Ir has been shown by Dinwiddie and Kastle (Amer. Chem. J, 
1911, 46, 502) that when phenol is brominated in aqueous solution 
only tribromophenol and tribromophenol bromide are formed, 
whereas on bromination in non-hydrolytic solvents such as chlor 
form, carbon tetrachloride, carbon disulphide, etc., substitution 
takes place with the formation of a dibromophenol, probably 
2:4-dibromophenol. They suggest that the peculiar behaviour d 
phenol in aqueous solution is due to its existence in solution in the 
quinonoid form, the reaction taking place according to the following 
scheme. 
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In order to test this suggestion, the action of bromine on phenol 
in carbon tetrachloride solution was investigated. Standard solu- 
tions of phenol and of bromine in carbon tetrachloride were prepared. 
Known volumes of each solution were mixed, and after standing, 
an aqueous solution of potassium iodide was added, and the whole 
quickly shaken. The liberated iodine was then estimated by 
titration with standard sodium thiosulphate solution. 

It was thus found that although phenol be left with excess of 
bromine in carbon tetrachloride solution during several hours, 
much less bromine reacts than is necessary to form the tribromo- 
derivative. If to such a mixture water be added, the colour of the 
bromine becomes less intense ; tribromophenol is immediately formed 
in the aqueous layer, and redissolves in the carbon tetrachloride. 

A known volume of the phenol solution was mixed with a known 
excess of the bromine solution, and at certain definite intervals 
aliquot portions of the mixture were removed and titrated. On 
plotting the time against the amount of bromine reacted, a con- 
tinuous curve was obtained, many days, however, elapsing before 
the tribromophenol stage was reached. Hence the statement of 
Dinwiddie and Kastle (loc. cit.) concerning the formation of di- 
bromophenol expressed only a part of the truth. The velocity of the 
reaction also varied regularly with the concentrations of the reacting 
substances. 

To phenol (20 grams) in carbon tetrachloride (200 c.c.), the 
requisite quantity of bromine solution to form monobromophenol 
was slowly added (34-1 grams of bromine in 200 c.c. of carbon 
tetrachloride) in order to test whether the product would consist 
mainly of a mixture of phenol and tribromophenol, or of mono- 
bromophenol. After a few minutes, when the colour of the bromine 
had almost disappeared, the carbon tetrachloride was evaporated, 
and a theoretical yield of a mixture of o- and p-monobromophenol 
was obtained. On similar treatment with twice the quantity of 
bromine, a theoretical yield of 2 : 4-dibromophenol was obtained, 
the reaction in this case taking many hours to complete. The 
above compounds were also prepared by treating phenol solution 
with excess of the bromine solution, and adding an aqueous 
solution of potassium iodide at the necessary time, calculated on 
the results of previous titrations. This method, however, proved 
to be less satisfactory than the former. 

The degree of moisture of the solutions was also found to have an 
effect on the velocity of the reaction. When the moist solutions 
were dried with calcium chloride, the reaction was found to be 
retarded, and on further dehydration with zinc chloride or phosphoric 
oxide, the bromination was retarded still more. 
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From these observations and experiments, theoretical conclusions 
can be drawn bearing on the mechanism of the bromination of 
phenol. If the reaction takes place by direct substitution, there js 
no reason why bromination should not be effected as readily in non. 
hydrolytic solvents as in water. Also the accelerating effect of a 
trace of water is inexplicable on this theory. The different characters 
of the reactions in water and carbon tetrachloride are illustrated by 
the difference in velocity and in products of incomplete bromination. 
However, these facts and several others are explained on the assump. 
tion that the slow reaction between dry phenol and dry bromine in 
an inert solvent is one of direct substitution, whereas the rapid 
bromination of phenol in aqueous solution is due to the action of 
hypobromous acid, formed by the interaction of bromine and water, 
The hypobromous acid probably reacts with the phenol by addition, 
with subsequent elimination of water. 


. HO OH 
H a, OH 
mann te BrH/ SHBr Br seas 
ie To (HO)H HOH) H\ i + 3H,0. 
H < Br 
r 


The removal of the hypobromous acid from the system during 
bromination in aqueous solution causes the reaction 


Br, + H,O == HOBr + HBr 


to proceed to completion from left to right, hydrobromie acid being 
formed as a by-product. The water in the reaction cycle is constant 
in amount and therefore acts as a pseudo-catalyst. This explains 
the accelerative action of a trace of water in the bromination in 
carbon tetrachloride solution. 

In order to test the above suggestion, the action of hypobromous 
acid on phenol was investigated. A very dilute solution of hypo- 
bromous acid was made from bromine water and zinc oxide. On 
treatment with a little phenol a slight white precipitate was 
obtained, and potassium iodide-starch paper proved that the 
hypobromous acid had reacted. A large volume of the suspension 
having been extracted with a little carbon tetrachloride, the precipi- 
tate was proved to be tribromophenol. 

The behaviour of hypobromous acid towards phenol is evidence 
in favour of the mechanism suggested, which is further supported 
by the fact that bromination is retarded by conditions hindering 
the formation of hypobromous acid from bromine and water. One 
such condition would be bromination in the presence of a large 
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excess of hydrobromic acid, or indeed in any strongly acid solution. 
Pope and Wood (T., 1912, 101, 1823) describe the bromination of 
 f phenol in concentrated hydrobromic acid solution, and state that 
'€ 18 @ the bromine is absorbed very slowly by the phenol. They recom- 
10N- @ end this method for the preparation of dibromophenol. Dinwiddie 
of afl ind Kastle (loc. cit.) mention the retarding effect of glacial acetic 
ters aid, and Hewitt, Kenner, and Silk (T., 1904, 85, 1225) show that 
i by concentrated sulphuric acid mixed with the glacial acetic acid 
*~ retards the bromination still more. 

®!@ The author desires to express his indebtedness to Professor F. 8S. 
pid Kipping, F.R.S., for his interest in this work, and to the Department 
rhe of Scientific and Industrial Research for a grant which has enabled 
ter. 7 him to carry out this investigation. 


10n, 
Tae CHEMISTRY DEPARTMENT, 
University OoLLEGE, NorrincHam. [Received, October 10th, 1922.] 
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0. OCCXXXVII.—The Equilibrium in Systems Composed 
of Water and Alcohols: Methyl Alcohol, Pinacone, 
Glycerol, and Erythritol. 


By Nicotat ANTONOVICH PUSHIN AND ALEXANDRA 
ALEXANDROVNA GLAGOLEVA. 


The System Methyl Alcohol—Water. 


Ix a previous communication (J. Russ. Phys. Chem. Soc., 1915, 47, 
100) it was shown that, contrary to statements in the literature, 
ethyl alcohol does not form a definite hydrate with water. With 
methyl alcohol also, the existence of a long series of definite com- 
pounds with water has been inferred from various properties of 
the solutions (Varenne and Godefroy, Comp. rend., 1904, 138, 990; 
De Forerand, Ann. Chim. Phys., 1892, [vi], 27, 546; Jones and 
On Getman, J. Amer. Chem. Soc., 1910, 32, 308). As will be shown 
in this communication, the study of the equilibrium in the system 
the @ Wethyl alcohol-water does not support the supposition that there 
7 § exists any definite chemical compound of the two substances. - 

The freezing points of mixtures of methyl alcohol and water 
were determined by Pickering (T., 1893, 63, 1015) up to 50 mols. 
per cent. of aleohol, and by Baume and Borovsky over the whole 
ed ange (J. Chim. physique, 1914, 12, 276), but neither of these authors 
examined the eutectic freezing points, so that no conclusions can 
be drawn from their work as to the existence of solid compounds. 

Many temperatures recorded by Baume and Borovsky are far 
‘VOL. CXXI, 50 
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too low, owing to supercooling, some of them lying considerably 
below the true eutectic temperature. 

The investigation of the equilibrium in the system methy] alcohol- 
water was carried out according to the method employed in the 
case of the system ethyl alcohol—water (loc. cit.). The mixture to 
be examined was placed in a glass vessel, which was enclosed in two 
or three glass mantles, and the whole system was cooled with liquid 
air. The temperature was recorded by a thermo-element and a 
galvanometer. 

If the necessary precautions are not taken, methyl alcohol and 
many of its mixtures with water, when cooled to the temperature of 
crystallisation, do not crystallise at all but become transformed 
into a hard, glassy mass. In order to induce crystallisation it is 
necessary that at temperatures near the point of crystallisation the 
rate of cooling be very slow and that the mixture be continually 
stirred. 

The results of the study of the system methyl alcohol—water are 
given in Table I and Fig. 1, A. 


TABLE I, 
Methyl alcohol and water. 
Duration Duration 
Concen- of eutectic Concen- of eutectic 
tration crystallis- tration crystallis- 
of ation in of ation in 
methyl Temperature minutes methyl Temperature minutes 


alcohol of first ofeutectic forl alcohol of first ofeutectic forl 
in crystal- crystal- gram of in crystal- crystal- gram of 
mol. %. lisation. lisation. substance. mol. %. lisation. lisation. substance. 


0 0° 60 —87-5° —101-5° 

10 — 13-5° 70 —I111 1-2 
20 —30-2 —102° 0-1 72 —101 

33-3 —59 — 100-5 80 . — 102 1-3 
40 — 65 —102 0-4 85 —107 1-1 
44 —78-5 —100-5 90 — 103-5 0-6 
50 —83-5 —100-5 0-7 95 — 100-5 0-8 
54 — 100-5 1-0 100 — 96° 


Pure methyl alcohol crystallises at —96°. Its cooling curve, 
which is that characteristic of a pure substance, is shown in Fig. 
1, B, 1—1. 

Solutions with a content of 10—60 mol. per cent of alcohol gave a 
definite temperature of first crystallisation (in most. cases with 
great overcooling), and also a definite temperature of eutectic 
crystallisation. Fig. 1, B, 2—2 and 3—3 show the cooling curves 
for solutions containing 60 and 40 mol. per cent. of alcohol, 
respectively. 

In solutions with a content of more than 60 mol. per cent. of 
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alcohol the temperature of first crystallisation could not be deter- 
mined. For this reason the branch of the diagram connecting the 
freezing point of pure alcohol and the eutectic point remained 
undetermined. The eutectic crystallisation at — 100°5° was 
determined over the whole range of composition. Some of the 
solutions showed a great overcooling of the eutectic point. By 
repeated determinations, this point was raised from — 122° to 
— 103°5° in the case of 90 mol. per cent. of alcohol, and from 
— 110°5° to — 107° in the case of 85 mol. per cent. of alcohol. For 
mixtures of 80 and 72 mol. per cent. of alcohol, not only the cooling 
curve, but also the heat- 

ing curve was deter- a 
mined. The melting IN’ ot 
point for the first mix- 

ture was determined as 
— 102°, for the second 
as— 101°. The tempera- 
ture for the second mix- 
ture is very close to that 
obtained by the method 
of cooling (— 102°). As 
concerns the position of 
the eutectic point, the r m 

maximum of the dura- a CHy0H 
tion of crystallisation at ™ = 
the eutectic temperature ‘ 
(— 100°5°) was deter- an 
mined for a mixture il 
Ng Yee bed get we Mol. per ms of methyl oealel. 

this ordinate is the eutectic point. 

It will be seen that the equilibrium diagram of the system methyl 
alcohol-water is characterised by two branches, which cross at the 
eutectic point and can be traced through the whole diagram. It 
follows, therefore, that in the crystalline state methyl alcohol does 
not form any definite compound with water. Both substances give 
mechanical mixtures only. 

Since the calorific effect is positive when methyl alcohol is 
mixed with water (De Forcrand, loc. cit.), it follows that hydrates 
of a definite composition, if they exist at all, should be of an exo- 
thermic nature. Their stability should increase with decrease of 
temperature and with the transition from the liquid to the solid 
state. Therefore it. can be stated with great probability, that if 


definite compounds of methyl alcohol and water do not exist in the 
5c2 
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TABLE II. 


j Pinacone and water. 


Duration Duration 

of eutectic of eutectic 

Concen- crystallis- Concen- crystallis. 
tration ation in tration ation in 
of Temperature minutes of Temperature minutes 


pinacone offirst ofeutectic forl  pinacone offirst ofeutectic for] 
in crystal- crystal- gram of in crystal- crystal- gram of 
mol, %. lisation. lisation. substance, mol. %. lisation. lisation. substance, 


0 0° 31-1 43-3 40-2 

0-5 16-7° — 0-45° 34-3 41-8 40-3 

0-79 22-4 — 0-45 36-5 40-4 

0-86 22-0 37°8 40-7 40-2 2-0 
1-3 28-0 39-6 40-6 40-0 1-9 
2-0 33-8 40-0 40-4 

2-2 34:7 — 05 3-0 42-0 39-5 1-4 
2-7 37-4 45-0 41-2 

3-6 40-2 — 05 50-0 41-25 

5-1 42-6 — 06 53-3 41-2 

5-5 43-2 — 04 57-5 41-0 27-2 0-2 
6-5 43-7 — 06 63-7 39-4 28-2 

8-0 44-4 — 0-7 64-8 39-5 27-9 

9-6 44-9 — 0-7 0-9 70-8 36-6 29-2 1-4 
11-6 45-2 — 10 75-0 29-3 1-6 
12-7 45-3 — 15 0-4 76-4 33°7 29-3 1-7 
14:27 45-4 _— 80-4 29-4 2-1 
14-34 45-4 — . 82-8 30-2 

17-0 45:3 86-2 32-4 29-1 

19-5 45-2 37-3 0-2 87-0 33-2 29-35 1-3 
21-9 45-1 37-8 0-6 93-4 38-6 

24-4 44-8 40-1 1-0 97 39-7 

29-1 43-7 40-2 1-2 100 41-1° 


crystalline state below — 100°, their. existence in the liquid state 
at the ordinary temperature is still less probable. 


The System Pinacone—Water. 


Fittig (Annalen, 1859, 110, 25; 1860, 114, 54) showed the 
existence of a hydrate of pinacone with the definite composition 
C,H,,0,,6H,O. Linnemann (Annalen Suppl., 1864, 3, 374; 
J. Chem. Soc., 1871, 24, 422) found that pure pinacone melts at 
35—38° and its hydrate at 46°5°. Couturier (Ann. Chim. Phys., 
1892; [vi], 26, 479) states that the melting point of pinacone hydrate 
is 56°. Systematic investigation of the system  saesmare ates has 
not hitherto been carried out. 

The cooling curve of commercial pinacone was of: the kind 
characteristic of an impure substance’ (the first. crystals -were de- 
posited at 33° and the eutectic temperature appeared to be 29°4°; 
Fig. 2, B, 1—1). It was necessary, therefore, to purify the substance 
before investigation. After several crystallisations, the freezing 
point rose from 33° to 41°1°; and the eutectic point at-29-4° disap- 
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peared completely (Fig. 2, B, 2—2). Further purification did not 
change the temperature of crystallisation, ; 
Contrary to the behaviour of methyl and ethyl alcohols, pinacone 
and its aqueous solutions crystallise well. A slight overcooling 
can easily be avoided by stirring the liquid and by inoculation with 
crystals. On account of the great volatility of pinacone, superfluous 
heating of its solution should 
be avoided in order to pre- 

vent perceptible change in rv , ts e 
concentration. ; j A 
% flat 5 


The results of the in- 
vestigation are given in CHa 
Table II and shown graphic- # \ / 


ally in Fig. 2, A. = 2 
The equilibrium diagram ¥ 


Fic. 2. 
Mol. per cent. of pinacone. 


me 
- 


consists of five branches : 
1. From pure pinacone to ant | \ f 
a mixture containing 80 mol. 
per cent. of pinacone. To re 
the latter composition corre- 
sponds a eutectic point at * aN 
294°. The duration of the pi to 
eutectic crystallisation yw T Fovisthtes *? Td oe 


renders improbable the exist- 
ence of solid solutions of 
water in pinacone. 

2. From 80 mol. per cent. L 
to 50 mol. per cent. of pina- V WA 
cone. The eutectic crystal- | rc 
lisation in this section is SA 
very prominent and can be V 
traced up to the maximum 
ofthecurve. Thismaximum 5+ i) | 
corresponds to a definite (~“"*~ 
compound of pinacone and 
water, the monohydrate, C,H,.(OH).,H,O. It crystallises at 41°25°. 
The curve is very flat on both sides of this maximum. 

3. From 50 mol. per cent. to 38°5 mol. per cent. of pinacone. To 
the latter composition corresponds a second eutectic point at 40°4°. 

4. From 38°5 to 143 mol. per cent. of pinacone. The curve 
rises again and reaches, at 14°3 mol. per cent., a maximum, which 
corresponds to another compound of pinacone and water, the 
hexahydrate, C,H,.(OH),,6H,O, which crystallises at 45°4°. This 
compound was described for the first time by Fittig. The statement 
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of Couturier that it crystallises at 56° is incorrect. The eutectic 
crystallisation at 43° can be traced through the whole section from 
38°5 to 14°3 mol. per cent. of pinacone. 

5. From 14:3 mol. per cent. of pinacone to pure water. The 
phenomenon of overcooling at the eutectic temperature becomes 
more marked with increasing content of pinacone (from — 0°45° to 
— 15°). The eutectic temperature can be traced up to the 
hexahydrate. 

Investigation of the system pinacone—water established the exist- 
ence of two definite compounds, the monohydrate, C,H,,(OH),,H,0 
(m. p. 41°25°), and the hexahydrate, C,H,,(OH),,6H,O (m. p. 45°4°); 
and the existence of two eutectic mixtures, containing respectively 
80 mol. per cent. (m. p. 29°4°) and 38°5 mol. per cent. (m. p. 40°4°) 
of pinacone. 


The System Glycerol—Water. 


The sample of glycerol crystallised at 13°3° instead of 17°, 
the value given by Henninger (Ber., 1875, 8, 643). In order 
to purify it, the specimen was exposed to quicklime for some 
time and distilled ina vacuum; it then crystallised at 18°0°. It 
was not found possible to raise the crystallisation point above this 
value. The purified material crystallised well, formed colourless 
crystals, and gave the characteristic cooling curve of a pure sub- 
stance. As is well known, crystallisation of glycerol without 
inoculation is very difficult. Stirring alone is not sufficient; the 
cooled liquid does not crystallise, but is transformed into a gelatinous, 
transparent mass, as in the case of some other alcohols. Crystal- 
lisation becomes more difficult as the water content: increases. 
From solutions the concentrations of which are near the eutectic 
concentration glycerol crystallises with very great difficulty. 
Solutions containing 70—75 mol. per cent. of glycerol could not be 
induced to crystallise at all. 

The mixture under examination was cooled either at once by 
solid carbon dioxide or successively by a mixture of snow and salt 
and by solid carbon dioxide. In order to make the rate of cooling 
slower, the mixture was enclosed in two glass mantles. 

The results of the investigation are given in Table III, and shown 
graphically in Fig.3, A. Fig. 3, B shows the cooling curve of pure 
glycerol. 

As has already been shown, pure glycerol crystallises at 18°0°. 
The addition of water lowers the temperature of crystallisation. 
By interpolation of the values from Table III, it can be seen that 
the temperature of first crystallisation at 13°3° corresponds with a 
concentration of water of 113 mol. per cent. or 2°25 per cent. by 
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TaBe III. 
Glycerol—water. 
Duration Duration 
of eutectic of eutectic 
erystallis- crystallis- 
Concen- ation in Concen- ation in 
tration Temperature minutes _ tration Temperature minutes 


ofwater offirst ofeutectic for l  ofwater offirst ofeutectic forl 
in erystal- crystal- gram of in crystal- crystal- gram of 
mol. %. lisation. lisation. substance. mol. %. lisation. lisation. substance. 


0 18-0° 460 — 43 —27-7 0-3 
1-8 17-3° 58-0 —14:7 —28-0 
2-8 16-9 66-4 -—18:5 —28-0 0-5 
55 157 80-0 —31-0(?) 0-7 
17-0 9:5 85-0 —21-0 —28-2 0-5 
18-8 91 —27-7° 0-1 90-0 — 75 —28-0 0-4 
26-5 4:8 100 0° 
351 —13 —27-7 0-2 
weight. This was the quality of the sample of glycerol before 
purification. 
The diagram of the Fic. 3. 
system consists of two A 7 ae) 
branches which cross at ee 
the eutectic point. This Z w 
point corresponds to a ¢ Vl , s 


temperature of 28-0° and 
an average concentration 
of glycerol of 20 mol. per 
cent. Owing to the reluct- 
ance to crystallisation of 
mixtures near the eutectic 
composition, it was very 
difficult to determine pre- 
cisely the concentration 
corresponding to the eutec- wi 
tic point. Eutectic crystal- 
lisation was observed with 
all the solutions investig- 
ated. The duration of ee ' 
eutectic crystallisation, Met. per cent. of sails 
determined for 1 gram of 
the mixture, shows that water does not form a solid solution with 
glycerol. In the crystalline state, both substances form only a 
mechanical mixture. 

A sample of pure glycerol being available, it seemed of interest to 
determine the hitherto unknown cryoscopic constant. Although the 
difficulty of crystallising glycerol did not allow of great precision, 
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yet the values obtained agreed moderately well with one another, 
The results are recorded in the following table. 


TABLE LY, 


The determination of the cryoscopic constant of glycerol. 


K 
Weight of Weight of for 1000 
glycerol in water in grams of 
grams. At. solvent. 


grams. 
11-4474 0-0435 0-690° 3-27 
10-7008 0-0610 1-116 3-52 
11-4474 0-1297 2-326 3-69 


The lowering of the freezing point of pure glycerol was determined 
with the aid of a Beckmann thermometer. Crystallisation was 
attained by inoculation with a small crystal of glycerol. Without 
the latter precaution, overcooling of the mixture could not be 
prevented. As shown in Table IV, the cryoscopic constant for 
1000 grams of substance lies within the limits 3°27 and 3°69. As 
the most accurate value for the constant corresponds to the most 
dilute solution, we can, by extrapolating to 0, assume that the 
cryoscopic constant of glycerol, determined for 1000 grams of the 
solvent, is nearly 3:1. 

From Table IV it will be seen that a mixture containing 11°4474 
grams of glycerol and 0°0435 gram of water, that is, with a content 
of 0°38 mol. per cent. of water, has a freezing point 0°69° lower than 
that of pure glycerol. A depression of the freezing point of 182° 
therefore corresponds to a content of 1 per cent. by weight of water, 
and a depression of 0°1° corresponds to a content of 0-055 per cent. 
by weight of water. As depressions smaller than 0°1° can be easily 
detected with the Beckmann thermometer, it is obvious that the 
determination of the freezing point of glycerol affords a sensitive 
and precise method for the quantitative estimation of even small 
quantities of water in glycerol. 


The System Erythritol—Water. 


A sample of erythritol showed a crystallisation point of 116°6° 
instead of 120°, the temperature given by Ruff (Ber., 1899, 32, 
3677). As only a small quantity of the erythritol was available, } 
the crystallisation point of the pure substance could not be deter- 
mined. However, the cooling curve of the sample (F’z. 4, B) was 
not unlike that of a pure substance. 

All our investigations were made with this sample. Both pure 
erythritol and its aqueous solutions crystallise moderately well, 
yet to avoid overcooling it was necessary to inoculate with a crystal 
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TABLE V. 
Erythritol—water. 


Duration Duration 
of eutectic of eutectic 
Concen- erystallis- Concene crystallis- 
tration ation in tration ation in 
of Temperature minutes of ‘Temperature minutes 
eryth- of first ofeutectic for 1 eryth- offirst ofeutectic for l 
ritol in ecrystal- crystal- gram of ritol in crystal- crystal- gram of 
mol. %. lisation. lisation. substance. mol. %, lisation. lisation. substance. 
100 116-6° 7+ 54-6 —4-2 3-9 
92-4 . 
91 . — 11-5° 1-3 3: 5: 44 
80 ‘2 — 72 ; 7: —4-4 
75-2 


of erythritol. The results 
are recorded in Table V 
and shown graphically in 
Fig. 4, A. 

It will be seen that the 
diagram of the system 
erythritol-water consists 
of two branches, which 
cross at the eutectic point. 
The concentration of 
erythritol at this point is 
3 mol. per cent. and the 
temperature — 4°4°. The 
eutectic crystallisation can 
be followed through the 
whole diagram. Erythritol 
forms with water neither 
compounds nor solid solu- 
tions, and in the crystalline 
) state, erythritol and ice 
yield mechanical mixtures 

only. 
| The determination of 

the cryoscopic constant of water, with erythritol as solute, gave 
the value 1-94 for 1000 grams of the solvent as the mean of three 


determinations, which is near the theoretical value 1:86. This fact 
5 o* 
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Temperature of crystallisation. 
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Mol. per cent. of erythritol. 
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TaBLe VI. 
The cryoscopic 
constant calcu- 
lated for 100 
Grams of Grams of grams of the 
water. erythritol. dt. solvent. 
12-3414 0-5598 0-724° 19-5 
12-3414 0-8648 1-097 19-1 
12-1644 1-5504 2-06 19-6 


Mean 19-4 
confirms our conclusion that erythritol does not form solid solutions 
with water. 
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CCCXXXVIIIL.—The Equilibrium in the System w- 
Dinitrobenzene—Urethane. 
By Nicontat AntToNnovicn PusHIN and ALEXANDRA FIOLETOVA. 


PurE m-dinitrobenzene crystallises at 90°, and pure urethane at 
48°3°. To determine the temperature of crystallisation of mixtures, 
as well as of the pure substances, the cooling curve was examined. 
The results are shown in the following table and in the figure. The 
lower curve shows the time of eutectic crystallisation. 


The system m-dinitrobenzene—urethane. 


Duration of Duration of 
the eutectic the eutectic 
Concen- crystallis- | Concen- erystailis- 
tration Temperature tion in tration Temperature ation in 
of of of minutes of of of minutes 
urethane first eutectic for 1 urethane first eutectic forl 
in mol. crystal- crystal- gram of in mol. crystal- ecrystal- gram of 
per cent. lisation. lisation. substance. percent. lisation. lisation. substance. 
0 90° 75 567° 416°’ 3-2 
10 85-8° 39-5° 0-3 85 46-8 41-9 3-5 
2 81-6 42-0 0-5 90 43-6 42-1 4-7 
30 77-5 41-0 1-0 94 45-0 
40 73-6 42-3 1-3 96 46-0 
50 71-2 41-6 1-7 97 46-5 
66-7 64(?) 42% 100 48-3° 


It will be seen that with increasing content, of urethane, the 
temperature of the first crystallisation decreases from 90° to 423°. 
To this range of temperature corresponds the eutectic crystallisation, 
which can be followed through the whole interval from 0 to 90 mol. 
per cent. of urethane. The eutectic point corresponds probably 
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to a concentration of 91 mol. per cent. of urethane. From the 
repeated detailed determinations of the cooling curve for mixtures 
containing 97, 96, and 94 mol. per cent., we could not infer the 
existence of any eutectic crystallisation in the interval from 91 to 
100 mol. per cent. of urethane. The cooling curves obtained were 
those characteristic of the 
freezing of solid solutions. 
To ascertain whether solid 
solutions were formed, a 
cryoscopic § determination 
was made with a solution 
of 1°34 grams of m-dinitro- 
benzene in 17:10 grams of 
urethane. The lowering of 
the crystallisation point of 
urethane amounted to 2°33°. 
From this the molecular con- 
stant can be calculated : 


K=168°0 x 2°33 x 17°10/1°34 A” 


Fie. 1. 


Temperature of crystallisation. 
a 


= 500. 

The value calculated by 
van’t Hoff’s formula from 
the observed heat of fusion 
of urethane is 50°0. From 
this agreement it is evident 
that m-dinitrobenzene gives in urethane a normal lowering of the 
crystallisation point, and therefore, in the interval from 91 to 
100 mol. per cent. of urethane, solid solutions with m-dinitrobenzene 
cannot be formed. The solid phase of the system m-dinitro- 
benzene—urethane must be, at every concentration, a mechanical 
mixture. 


wv’ e LJ LJ hd 
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TI 


Relative timea. 


te vw +8 bo 
Mol. per cent. of urethane. 
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CCCXXXIX.—Formation of y-Alkylidene Derivatives 
from Ethylidenemalonic Ester. 
By Lucy HiecemnpotuaM and ARTHUR LAPWORTH. 


Many hydrogen compounds, although not themselves electrolytes, 
can under certain conditions take part in reactions, the gross 


results of which indicate that hydrogen atoms in these compounds 
5c*2 
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functionate as positively polar labile atoms. Thus nitromethane 
in presence of certain catalysts reacts with formaldehyde in such a 
way that the total result may be expressed by the equation 


CH,=0 + H-[CH,-NO,] —> CHy<OH,-NO,} 
superficially a complete parallel with the reaction between hydrogen 
cyanide and formaldehyde, 

~_ ° , , OH 
CH,—O + H* + [CN/ — CHGon Ir 


Whatever be the true mechanism of such reactions of non-acidic 
hydrogen compounds, it is evident that the hydrogen atom has at 
least a latent positive polar character, in every compound which 
thus simulates in its reactions the characters of an electrolyte. 
This was a generalisation made use of by one of us in deciding the 
polarities of the atoms in carbonyl compounds, and in deducing 
therefrom the principle of induced alternate polarities (Mem. 
Manchester Phil. Soc., 1920, 64, ii, 3). 

No doubt in many cases, perhaps in all, the equations which 
indicate the gross results of the change from which latent polarities 
of atoms have been deduced do not represent the true mechanism 
of the reactions. Itis, for example, almost certain that the hydrogen 
compound is often in the first instance transformed into an isomeric 
or tautomeric form ; but the principle of induced alternate polarities 
applies without taking this circumstance into consideration, and for 
the reason that in the reversible tautomeric transformations the 
atoms alter their relative position, without changing their polarities, 
alterations of polarity being usually associated with irreversible 
transformations. 


The groups CH-NO,, CH-CN, CH-CO: are typical of a series of 
arrangements containing a hydrogen atom which is non-ionisable, 
but which has latent positive polar character. The latent positive 
polar character of hydrogen directly attached to carbon is shown 
in a variety of reactions, and of these there may here be mentioned 
additive reactions with carbonyl such as that represented by the 
first equation in the present paper, and which corresponds with the 
“‘ aldol addition process,” 


—+ 
6=0 + H1C-CO t- OH 
>c=0 +H [C CO-] —> 7° 8.00] 


to which the “crotonic aldehyde condensation” is often the 
sequel : 
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-+ 
pigs 2 >C=[C — CO-] + H,0. 


The ‘‘ acetoacetic ester condensation,” a term generally applied to 
any reactions in which a carbonyl compound containing the group 
‘CH,*CO- is condensed with an ester with the aid of sodium (or 
potassium), its amide or its ethoxide, is a reaction typical of many 


compounds containing the group -CH,., and applies not only to 
‘CH,* in direct attachment to -CO-, -CN, etc., but also to -CH,° in 
the y-positicn in, for example, ethy] crotonate and in the corre- 
sponding y- or ortho-position in o-nitrotoluene : 


+= +--+ +++ +- 
X-OEt + H-C-H —> X-C-H + H-OEFt. 


In nearly all the cases above mentioned, reactivity is associated 
with induced alternate polarity effects originating in oxygen or 
nitrogen atoms situated in certain positions elsewhere in the 
molecule. It is possible, however, that the true function of the 
polarity induced by the oxygen or nitrogen atoms is simply an 
auxilidry one, merely reinforcing a reactivity, already inherent in 
a certain configuration of the molecule but difficult to detect. 
Were the induced polar character of the hydrogen atom the sole 
origin of the “aldol addition process,” the “crotonic aldehyde 
condensation,” or the “ acetoacetic ester synthesis,” then compounds 
such as the acetals of aldehydes and ketones would be expected to 
undergo analogous changes ; for example— 

0,H,-CH:0 + H,CHCH< Ot —> C,H,-CH:CH-CH(OEt), + H,0, 
but no case of the extension of such reactions to acetals has hither- 
to been observed, and special attempts made by the present 
authors to condense ordinary acetal with benzaldehyde, ethyl 
oxalate, or ethyl nitrite gave entirely negative results. The authors 
have also attempted to condense ethyl oxalate and alkyl nitrites 
with m-tolyl methyl ether (II), and with orcinol dimethyl ether 
(III), but again without success, although a strong induced polar 
effect on the hydrogen atoms of the methyl group was to be expected, 
especially in the last-named case, a definite induced positive polar 
character having already been established for halogen in the 
m-methoxy-benzyl bromide ({) corresponding with the former 
(II) : 
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v)  CH,<CH:¢H \ CH is 
ati 2? CH:CH er (V. 
2 


Furthermore, the reactions in question have been found to take place 
with compounds which contain carbon and hydrogen only; penta- 
diene (IV) and indene (V), for example, yield benzylidene, oxalyl, 
and isonitroso-derivatives (Ber., 1895, 28, 1501; 1900, 33, 666, 
771, 3395). 

For such reasons as these, the authors are inclined to the view 
that the capacity of esters like ethyl crotonate to condense with 
ethyl oxalate (and also, as will be shown in the present paper, with 
aldehydes) in the y-position, is really conditioned by the presence 


of the group ‘CH,—C=C: or, perhaps, more generally, of the 
group *CH,*A—B, and to suppose that the reactivity of this group 
is usually insufficient unless enhanced, (1) by duplication within 
a ring, arniee 
CHS, — a , 

as in pentadiene and indene, or (2) by induced polarity effects, as, 
for instance, when B, or an atom suitably placed but still further 
removed, is oxygen or nitrogen. 

Direct condensation of aldehydes with open-chain aliphatic 
carbonyl compounds at any point in the latter other than the 
«-position with regard to the carbonyl group has been observed only 
in the experiments of Raper (T., 1907, 49, 1627) and of Smedley 
(ibid., 1911, 49, 1627), who obtained, from crotonic aldehyde and 
from aidol, compounds with normal chains of eight carbon atoms, 
indicating the occurrence of condensation at the y-position with 
regard to one carbonyl group. In alicyclic compounds, two fairly 
clear cases are known: thus A‘-p-menthene-3-one appears to 
yield an «y-dibenzylidene derivative (Wallach, Annalen, 1913, 397, 
216), and piperitone a y-monobenzylidene derivative (Simonsen, 
T., 1921, 119, 1648). The formation of these products is in accord- 
ance with the principles stated above, 

In the present paper are described the results of experiments made 
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with the object of adding to the examples of this type and of securing 
further evidence as to the course they follow. In the aromatic 
series, the nearest analogue to the reactions studied is the pre- 
ation of a benzylidene derivative from 2 : 4-dinitrotoluene (Ber., 
1904, 37, 4463). 
Ethyl crotonate does not yield a y-benzylidene derivative, but 
ethyl ethylidenemalonate, 


++ 
eh i Re 


which differs only in having an additional carbethoxy-group attached 
to the same carbon atom as the first, has been found to react with 
aromatic aldehydes in presence of catalysts such as concentrated 
sulphuric acid, yielding y-alkylidene derivatives : 


ArCH:0 + CH,-CH:C(CO,Et), —> Ar-CH:CH-CH:C(CO,Et), + H,0. 


The esters, the first products, were not themselves isolated owing 
to practical difficulties in effecting their purification, but the corre- 
sponding acids were obtained on hydrolysis of the crude product 
and, in one or two cases, in yields which amounted to 50 per cent. of 
those theoretically possible. This was the case when benzaldehyde 
was used and also with anisaldehyde, from which the new acid, 
p-methoxycinnamylidenemalonic acid was obtained, indicating that 
the following reaction had taken place : 


CH:0 CH:CH-CH:C(CO,Et), 
/\ YN 
( | +CH,:CH:C(CO,Et), > H,O+[/ | 

7, al 


OMe Me 


Piperonal offered greater practical difficulties and the yields of 
condensation product were smaller, but piperonylmalonic acid and 
from it piperic acid were successively obtained and identified. 

The product to be expected by the condensation of the ester with 
cinnamaldehyde would be of very considerable interest because of 
the long series of conjugate linkages which it would contain, 


C,H,-CH:CH-CH:CH-CH:C(CO,Et),, 


but, so far, this or the corresponding acid has not been isolated. 


EXPERIMENTAL. 


Ethyl Ethylidenemalonate and Benzaldehyde—These compounds 
were mixed in the proportion of 5-5 grams of the former and 3 grams 
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of the latter, six drops of concentrated sulphuric acid were added, 
and the whole was shaken. The mixture at once turned brown and 
a slight rise in temperature took place. To complete the reaction, 
the mixture was heated for one hour on the steam-bath, and the 
product was finally subjected to treatment with a current of steam 
to remove excess of benzaldehyde, boiled with excess of dilute 
aqueous sodium hydroxide for about an hour, and the resulting 
solution filtered from a little tarry matter. On addition of dilute 
sulphuric acid to the filtrate, a pale brown solid was formed, the 
quantity corresponding with a 50 per cent. yield of cinnamylidene. 
malonic acid ; it crystallised from boiling alcohol in needles, melting 
and decomposing at 212° (Liebermann, Ber., 1895, 28, 1439, gave 
the melting point as 208°) (Found: C = 65-6; H= 5-1. Cale, 
C = 66-1; H= 4-5 per cent.). The equivalent, determined by 
titration against NV /10-sodium hydroxide, was 109-5; a dibasic acid 
of the above formula requires 109-0. 

Ethyl Ethylidenemalonate and Anisaldehyde. Formation of p.- 
Methoxycinnamylidenemalonic Acid,OMe-C,H,°-CH:CH-CH:C(CO,H),. 
—These compounds, in the proportion of 1-36 grams and 1-86 grams, 
respectively, were mixed and shaken with four drops of concentrated 
sulphuric acid. The whole was warmed on the water-bath as 
before, purified in a current of steam, and hydrolysed by dilute 
aqueous sodium hydroxide, the solution cooled, filtered, and acidified. 
An orange-coloured precipitate of p-methorycinnamylidenemalonic 
acid was obtained, in quantity amounting to about 55 per cent. of 
that theoretically possible (Found : C = 60-1; H = 5-1. C,,H,,0; 
requires C = 60-4; H = 4-7 per cent.). The equivalent found was 
125, that required for a dibasic acid, C,,H,,0;, being 124. 

The acid dissolves readily in alcohol, acetone, glacial acetic acid, 
or ethyl acetate, less readily in chloroform, and is sparingly soluble 
in light petroleum. It crystallises from ethyl acetate in orange- 
coloured needles, melting and decomposing if heated slowly at 
189°; but if the containing capillary tube be plunged into a bath, 
the acid does not melt at once unless the temperature of the liquid 
in the bath is 203°, and this may therefore be assumed to be the 
correct melting point. A solution of the acid in dilute sodium 
carbonate discharges the colour of potassium permanganate very 
rapidly, and the odour of anisaldehyde becomes perceptible. When 
the acid is heated in a vacuum, it loses carbon dioxide and a pale 
yellow solid distils; this is no doubt p-methoxycinnamylideneacetic 
acid, but was not closely characterised. 
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a Ethyl Ethylidenemalonate and Piperonal. 


action, (With Cuartes Simpson.) 


nd the When equimolecular proportions of ethyl ethylidenemalonate and 
steam § piperonal are mixed and warmed with sulphuric acid (about one 
dilute ¥ drop for each 0-8 gram of the mixture) at 60° for three hours, and 
ulting § the product then treated as in the experiments already described, 
dilute § a mixture of acids is obtained, which, calculated as piperonylene- 
d, the malonic acid, represents about 37 per cent. of the calculated quantity. 
idene. § This, however, is not a uniform substance, and after being purified 
elting fF by solution in aqueous sodium carbonate, reprecipitation with 
gave fF dilute sulphuric acid, careful washing and drying, gave the following 
Cale., analytical results : C = 65-0, 64-5; H = 3-7, 3-8. The equivalent, 
d by determined by titration against N/10-alkali, was 187. These results 
> acid F correspond fairly well with the assumption that the material is a 
mixture of piperonylenemalonic acid, 

of p- CH,0,:C,H,*CH:CH-CH:C(CO,H), 
2H), (Cale., C= 595; H=3-8 per cent.; equivalent = 131), and 
rams, § piperic acid, CH,0,:C,H,-CH:CH-CH:CH:CO,H (Calc., C = 66:1; 
rated H = 4-6 per cent. ; equivalent = 218) in the proportions 3:7. There 
h as can be little doubt that this roughly represents the character of 
ilute the acid product, as when it is boiled with a large quantity of hot 
ified. water, the filtered solution on cooling deposits a bright red powder 
lonic which melts at 200—204°, and is fairly pure piperonylenemalonic 
t. of acid. Scholtz (Ber., 1895, 28, 1189) describes this acid as crystalline, 
320; separating from alcohol as a brick-red mass of small needles melting 
was at 205—206°. As a complete separation of the two constituents was 
| not found practicable, the mixture was boiled with a large excess 
cid, of acetic anhydride, which, according to Scholtz, converts the 
uble dicarboxylic acid into piperic acid; in this manner, the mixture 
nge- yielded rather more than one-half its weight of piperic acid (Found : 
rat C= 65-4; H = 4-6 per cent.). The piperic acid separated from 


ath, hot water, in which it was sparingly soluble, as a yellow, micro- 
juid crystalline powder melting at 210°. 

the Ethyl Ethylidenemalonate and other Aromatic Aldehydes.—Experi- 
jum ments were made on the condensation of the ester with salicyl- 
ery aldehyde and cinnamaldehyde and there was evidence that 
hen condensation takes place in both instances, but the nature of the 
vale crystalline products obtained has not yet been decided; their 
tic investigation will be continued. 


Experiments on Acetal, on m-Tolyl Methyl Ether, and on Oreinol 
Dimethyl Ether —Many attempts were made to bring about reaction 
between these three compounds and aldehydes, ethyl oxalate and 
alkyl nitrite in presence of agents such as sodium, potassium, 
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potassium ethoxide, and sodamide, with some expectation that the 
methylene group of the acetal and the methyl group attached to the 
nucleus in the two ethers would exhibit reactivity. Only traces, 
if any, of products with the characters expected were isolated. The 
significance of these uniformly negative results is referred to in the 
introductory section of this paper. 


The authors’ thanks are due to the Department of Scientific and 
Industrial Research for grants (to L.H. and C.S.) which enabled 
this work to be done. 
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CCCXL.—The Isoelectric Condition of Gelatin. 
By Stpngey Owen Rawtine and WALTER CLARK. 


AccorpDInNné to the theory of amphoteric electrolytes as put forward 
by Michaelis it is readily shown that at the isoelectric point the 
concentration, Cz, of hydrion is given by the relation 


Cz = V(KaKw/Ks) 


where K, and K; are the acid and basic dissociation constants of 
the amphoteric electrolyte and K, is the ionic product of water 
(compare Pauli’s “Colloid Chemistry of the Proteins,” p. 41). 
Consequently, the hydrion concentration at the isoelectric point 
should, at a given temperature, be a constant, quite independent 
of the dilution of the amphoteric electrolyte. Pauli and Samec’s 
experiments (Pauli, op. cit., p. 38) on the precipitation of serum- 
albumin by alcohol from solutions buffered by sodium acetate- 
acetic acid mixtures do actually show that the hydrion concen- 
tration of the point of maximum precipitation is independent of the 
concentration of the protein over a considerable range (0°2—1-0 
per cent. of albumin). Similar results have been obtained by 
Michaelis and by Pauli and Samec in electrophoresis experiments 
(Pauli, op. cit., p. 41). 

Theory further shows that at the isoelectric point the undis- 
sociated fraction of the ampholyte, that is, the ratio of the number 
of electrically neutral particles to the total concentration, is at a 
maximum (Pauli, op. cit., p. 31). The results of numerous experi- 
ments indicate that the occurrence of a maximum number of 
neutral particles will be expressed by a minimum (or maximum *) 


* In the case of precipitation by alcohol, the amount of precipitate is a 
maximum at the isoelectric point. 
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in the curve showing the relation between viscosity (or some other 

physical property) and hydrion concentration. Pauli and Matula 

(Trans. Faraday Soc., 1913, 9, 34; Kolloid Z., 1913, 12, 222) found 
that for a 1 per cent. gelatin solution at 35°, buffered with sodium 
acetate—acetic acid mixtures, this minimum occurs at py = 4°7, 
which agrees with the hydrion concentration of the isoelectric point 
of gelatin as determined by electrophoresis, also in buffered solutions 
(Michaelis and Grineff, Biochem. Z., 1921, 41, 373). 

This value of py = 4°7 for the point where solutions of gelatin 
show a@ minimum or maximum with respect to some particular 
physical property has often been confirmed in recer:$ years, a number 
of different acids having been used to impart definite hydrion 
concentration to the various solutions. For example, Loeb states : 
that for 0°5, 1-0, and 2:0 per cent. solutions of gelatin hydrochloride 
the relative viscosity is a minimum at the isoelectric point, py = 
47 (J. Gen. Physiol., 1921, 3, 827);. that the viscosity and swelling 
curves of 1 per cent. solutions of gelatin show a minimum at py = 
47 (ibid., 1918—19, 1, 363); that the swelling is a minimum at the 
isoelectric point, py = 4°7, for 1 per cent. gelatin solutions con- 
taining nitric, hydrochloric, trichloroacetic, phosphoric, oxalic, 
sulphuric, tartaric, and citric acids respectively (ibid., 1920, 3, 247). 
In fact, all through his many papers, Loeb states repeatedly that 
the various physical properties of gelatin solutions show a minimum 
value at py = 4°7. Similarly Miss Lloyd’s results for the swelling 
of gelatin in hydrochloric acid solution (Biochem. J., 1920, 14, 147) 
indicate a minimum at py = 4°7 (compare Atkin, J. Soc, Leather 
Trades Chem., 1920, 4, 248). Other evidence has been adduced 
by Bogue (J. Amer. Chem. Soc., 1922, 44, 1343; J. Ind. Eng. Chem., 
1922, 414, 22; J. Franklin Inst., 1922, 193, 795), ete. 

Since the same minimum point is obtained irrespective of the 
acid used, one would conclude that gelatin behaves in the same 
way towards both strong and weak acids, at all events in the low 
acid concentrations which are necessary to bring the solution to, 
or near to, the isoelectric point. The results of Wintgen and 
Kriiger (Kolloid Z., 1921, 28, 81) and Wintgen and Vogel (ibid., 
1922, 30, 45) indicate also that towards hydrochloric acid gelatin 
acts as a mono-acid base (compare also Lioyd and Mayes, Proc. 
Roy. Soc., 1922, [B], 93, 69). 

In practically all the experiments where single acids were used 
instead of buffer mixtures, attention has been directed only to the 
hydrion concentration produced in the protein solution and to the 
corresponding value of a particular physical property, and, as seen 
from the results already quoted, the minimum point in, for example, 
the viscosity curves of gelatin occurs at the same py (= 4°7) for 
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different concentrations of the proteins, thus agreeing with the 
results obtained in buffered solutions. In these experiments with 
non-buffered solutions, no account seems to have been taken of the 
quantity of acid which was necessary to produce, for example, g 
minimum viscosity at various concentrations of gelatin, it apparently 
being assumed, in accordance with theory, that this quantity js 
independent of the concentration of the ampholyte (compar 
Pauli, op. cit., p. 41). Pauli and Samec (ibid., pp. 42—48) have 
investigated this point by studying the viscosity curves for gelatin 
and the alcohol precipitation of serum-albumin. The results 
obtained for the viscosities of gelatin in the presence of sulphuric 
acid at 35° are given in the following table, where ¢ and fy are the 
times of ‘flow of the solution and of an equal volume of water respeo- 
tively through the viscometer, that is, t/t) is the relative viscosity, 


TABLE [. 


1-09% 0-659% 0-33% 

Concentration Gelatin. Gelatin. Gelatin. 
of acid. t/t. t/t. t/ty. 

0 1-485 1-248 1-113 
5x 10-5 — 1-241 1-111 
1x10-¢ 1-453 1-237 1-109 
2x10-4 1-445 1-233 1-111 
2-5 x 10-+ 1-443 1-234 1-113 
4x10-* 1-448 1-241 1-118 

5x10-* 1-453 1-245 


The minimum viscosities are printed in italics, and, assuming 
that the measurements are to be trusted to the third place of decimal, 
it will be seen that as the concentration of the gelatin increases the 
concentration of acid necessary to produce a minimum viscosity also 
increases. Similar results were obtained in the precipitation of 
albumin by alcohol. If these points of minimum viscosity have the 
same p,, agreeing with that of the isoelectric point, then the 
results are not in accord with theory. Pauli and Samec give no 
record of the py measurements, so we have repeated their exper- 
ments, at the same time measuring the p, of solutions of minimum 
viscosity. Our results (see experimental part) are in agreement 
with theirs, and, in addition, it is found that the py, is the same 
( = 4°7) for all solutions of minimum viscosity. Experiments made 
with acetic acid in place of sulphuric acid gave similar results. 

Because of the discrepancy between theory and experiment 
the question was reconsidered from the point of view of Sir Jame 
Walker’s theory of amphoteric electrolytes (Proc. Roy. Soc., 1904, 
[A], 73, 155). For the sake of simplicity, the external acid added 
to the gelatin solution is supposed to be a strong, monobasic acid. 

If gelatin be considered as a simple amphoteric electrolyte, it 
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may be represented by the formula HXOH. Let an external acid, 
denoted by the formula HA, be added to the solution. The in- 
dividuals in the solution will then be : 

H’, OH’, XOH’, XH’, HXOH, X, A’, HA at the respective con- 
centrations a, b, c, d, e, f, g, h. 

Asalt of gelatin, HXA, with the acid will also be formed, but it has 
been shown by Manabe and Matula (Biochem. Z., 1913, 52, 369) 
that when hydrochloric acid up to a concentration of 0°05N is added 
toa 1 per cent. solution of gelatin, the salt formed may be con- 
sidered as completely dissociated, and in this discussion of the effect 
of adding acid to gelatin the concentration of the undissociated salt 
is neglected. 

The conditions governing the equilibrium in the solution are 
expressed by the following equations : 


Gui, .« «+ « «+ & whens 8 = = 


ae=mKe ....@ 
M=Ke ....@ 


ed=Qft. . . . . (4) 


ag= Kh. . . «. « & 
a+d=b+c+g. . . (6) for electrical neutrality 


where K, is the ionic product for water, K, the acidic dissociation 
constant for the amphoteric electrolyte, K, the basic dissociation 
constant for the amphoteric electrolyte, K the dissociation constant 
of the acid added, and Q is a constant. 

Substituting in equation (6) for b, c, and d, we have 
Kyea Ky , Kee 
‘Gq 2. 

: ie. w Kya =t) 

whence g =a —+e(3 —=2), 


a+ 


that is to say, g is a straight-line function of e for any particular 
value of a, and therefore (g + h), which expresses the total amount 
of external acid present per litre, is also a straight-line function of e, 
since h = ag/K. 

At the isoelectric point, c becomes equal to d (according to defini- 
tion) and the expression within the bracket becomes zero, that is, 
the amount of external acid to be added in order to bring the solution 
to the isoelectric point is independent of any factor connected with 
the concentration of the ampholyte. 
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If the concentration of hydrion, a, is less than that which 
obtains at the isoelectric point, the expression within the bracket 
will be negative, that is to say, the amount of external acid to be 
added in order to make the value of a less than that which holds 
at the isoelectric point will be smaller as e increases. On the other 
hand, for values of a greater than that of the isoelectric point, 
(g + A) increases as e increases. 

In the above deductions e may be replaced by the total concen. 
tration of the ampholyte for any given value of a, since ¢ is then 
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proportional to the- total concentration, as may be seen from the 
following : 
The total concentration of ampholyte is 


ec+d+e+f = K,e/a + aKye/Ky + ¢ + e/(K,Ks/KuQ) 


= const. x e for a given value of a. 


It follows that for solutions of an ampholyte, acting simply as a 
monoacid base and a monobasic acid, to which an external acid is 
added, if we plot total concentration of acid present against the 
hydrion concentration of the solution for various concentrations of 
ampholyte, a series of curves should be obtained which intersect at 
a value of a corresponding with the isoelectric point of the 


he 
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ampholyte. In the diagram,* Fig. 1, the curves are numbered 
1, 2, and 3 to indicate increasing concentration of ampholyte. To 
obtain a hydrion concentration, a,, more acid is required for solution 
1 than for solutions 2 and 3. The value a, corresponds with the 
isoelectric point, and at this point the amount of acid is independent 
of the concentration of ampholyte. For Cy of a, the curves have 
crossed, and it requires more acid for a greater concentration .of 
ampholyte. 

This appears to be the principle of Sérensen’s method (Z. Physiol. 
Chem., 1918, 103, 192 ; -compare Pauli, op. cit., p. 52) of determining 
the isoelectric points, but his method of deduction is much more 
complicated than that given here. It should also hold for a dibasic 
acid such as sulphuric acid and also for weak acids; in fact, Sérensen 
uses it for determining the isoelectric point of egg albumin in the 
presence of a mixture of sulphuric acid and ammonium sulphate, 
which he considers to be mixtures of the acid H(NH,SO,) with the 
salt NH,(NH,SO,). 

The experimental results obtained with gelatin and sulphuric 
and acetic acids do not agree with this theory, since the amount of 
acid necessary to give minimum viscosity and a py, of 4°7 increases 
as the concentration of the gelatin increases. It remains to find an 
explanation for this. 

Pauli (op. cit., pp. 45—46) states that in gelatin—hydrochloric 
acid mixtures the hydrion concentration at which non-preferential 
migration of the protein occurs in electrophoresis experiments is 
far below that at which the same condition occurs with regulator 
(buffer) mixtures. From this and other evidence, he concludes that 
strong acids behave differently from weak acids towards proteins. 
Examination of his results shows, however, that he really finds that 
strong acids differ from regulator mixtures, since the action of weak 
acids alone, that is, not in the presence of their sodium salts, was 
not investigated. Our results show that acetic acid gives the same 
anomalies as sulphuric acid. Also the many results of Loeb and 
others show that when strong and weak acids which dissociate into 
two ions are compared at the same p, they have the same effect, 
and that dibasic and monobasic acids have similar effects, although 
the quantitative results are different. 

Pauli explains the anomalies to which he directs attention by 
assuming that in the presence of strong acids certain basic groupings 
in the protein molecule are brought into action which are not 
affected by weak acids or by regulator mixtures. It is plausible 
that such a difference may exist between the action of strong acids 


* The curves may not be straight lines actually, but the diagram is only 
meant to illustrate the particular point at issue. 
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and regulator mixtures, owing to the presence of the neutral salt 
in the latter, but it is difficult to see why there should be a difference 
in kind rather than in degree between the action of strong and weak 
acids. If this difference of degree is accepted, the observed be- 
haviour of sulphuric and acetic acids can be explained ; * more of 
the sulphuric acid than of the acetic acid will be used up in making 
active the extra basic groupings, but owing to the smaller dissociation 
of the acetic acid more of it will be necessary than of the sulphuric 
acid to produce the effect which leads to the isoelectric condition. 
The actual quantities of sulphuric and acetic acids necessary to 
give minimum viscosity and the same p,, may therefore conceivably 
be approximately the same, as in our experiments. 

In working with gelatin, it must be remembered that it is very 
probable that we are dealing, not with a pure substance, but with a 
mixture of a protein and its degradation products. Suppose we 
have a mixture of two ampholytes, the one of which has its iso- 
electric point at 4-7 and the other at 8-0, and that the amount 
present of the former is greatly in excess of the latter. It seems 
probable that when submitted to electrophoresis such a mixture 
will show equal and opposite electro-diffusion (as measured by 
Kjeldahl estimations ¢) at a py, not of 4:7, but of some higher 
value (lower hydrion concentration). In this case, the isoelectric 
point, as determined by electrophoresis, would be of a p, inter- 
mediate between the isoelectric point of the ingredients. This 
would explain Pauli’s results with gelatin—hydrochloric acid 
mixtures, especially since he used gelatin which had been dialysed 
for a very considerable time, and in which degradation products 
would be present, but it would not explain an isoelectric point of 
4-7 with regulator mixtures. 

Consider now the case of minimum viscosity in our hypothetical 
mixture. The minimum viscosity is supposed to occur when the 
maximum number of neutral particles is present and this condition 
with a simple ampholyte occurs at its isoelectric point. 

The state of affairs existing in our mixture may be indicated 
diagrammatically (Fig. 2). 

The concentration of neutral particles due to each ampholyte is 
plotted against p, and the sum, shown by the thick curve, gives 
the total concentration of neutral particles. Again the maximum 
occurs between the isoelectric points. Von Schroeder (Z. physikal. 
Chem., 1903, 45, 75) has shown that the viscosity of the degradation 


* Pauli and Hirschfeld (Biochem. Z., 1914, 62, 245) found that for a given 
concentration of acid more sulphuric than acetic acid is bound by albumin. 
t Total nitrogen estimations alone do not in any way tell us the nature of 


the diffusing material. 
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products of gelatin is much lower than that of undegraded gelatin 
and therefore, in the case of gelatin, it is reasonable to assume that 
the viscosity will be more affected by the neutral particles of the 
unhydrolysed protein than by even an equal concentration of such 
particles of the degradation products. The viscosity minimum of 
the mixture would therefore most likely occur much nearer to the 
isoelectric point of the unhydrolysed protein than to that of the 
degradation products; it may practically coincide with the iso- 
dectric point of the undegraded gelatin, as is actually found to be 
the case. The non-coincidence of the point of equal and opposite 
electrophoresis with that of minimum viscosity in the case of strong 
acids may thus be explained. 


CONCY or NEUTRAL PARTICLES — > 


EXPERIMENTAL. 


The gelatin used throughout these experiments was very kindly 
supplied by Drs. Mees and Sheppard of the Kodak Research Labora- 
tory. It had been prepared by electrophoresis methods as described 
by Sheppard, Sweet, and Benedict (J. Amer. Chem. Soc., 1922, 44, 
1858) and was stated to contain not more than 0-1 per cent. of ash; * 
our analyses confirmed this statement. 

The solutions of which the viscosities were to be measured were 
made as follows. The amount of gelatin required to give 100 c.c, 

* Gelatin which is practically ash-free, and which is often prepared by 
methods depending on first obtaining an isoelectric solution of gelatin, seems 
to be commonly spoken of as isoelectric gelatin. This is a misnomer, since 
theoretically, isoelectric gelatin can only exist in a solution containing extra 
hydrion supplied by an external acid, Such gelatins should always be spoken 
of as ash-less or ash-free gelatins. 
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of a solution of definite strength (calculated as moisture-free gelatin) 
was weighed out into a 100 c.c. flask. About 75 c.c. of freshly 
boiled and cooled distilled water were added and the whole was then 
heated in a-water-bath from room temperature to 75° in twenty 
minutes (compare Davis, Oakes, and Brown, J. Amer. Chem. Soc, 
1921, 43, 1526). In the cases where acid was added, the addition 
was made at this point in the procedure. The volume of the solution 
was then made up to 100 c.c. with water at 75° and the solution 
quickly filtered by the aid of the pump, using hardened filter-paper. 
The filtered solution was placed in a flask in the thermostat at 35-4° 
and a sample pipetted into the viscometer held ready in the same 
bath. 

For measuring the viscosities, a capillary viscometer of the 
Ubbelohde type, working under a constant head of pressure, was 
used (compare Hatschek, “‘ Laboratory Manual of Elementary 
Colloid Chemistry,” pp. 100—103; Hess, Kolloid Z., 1920, 27, 154), 
The viscometers were carefully calibrated with water at 35-4°. In 
_ the case of two of them, the times of flow with water were 64 and 

82-2 seconds, respectively, using a head of pressure of 34-9 cm. of 
water. Experiments made with a different head of pressure, using 
the quicker-running instrument, showed that errors due to eddy 
currents did not occur, and therefore were much less likely to 
occur with gelatin solutions. For example, with a head of pressure 
of 20 cm. of water the product of pressure and time of flow was the 
same as that obtained for a pressure of 34-9cm. In order to eliminate 
errors as far as possible, the same viscometer was used for the whole 
of any one series of measurements. Unfortunately, owing to 
breakages, which readily occur during cleaning, it was not possible 
to use the same viscometer for all the series. 

A temperature in the neighbourhood of 35° was chosen for the 
measurements in order that the viscosity of the solutions should 
not alter on keeping for some time in the thermostat, and also 
for comparison with Pauli and Samec’s results. In this way it was 
possible to make several observations of the time of flow with the 
same solution. For example, the same 1 per cent. gelatin solution 
at 12.30, 1.35, and 1.57 p.m. gave times of flow of 106-1, 106-2, and 
106-2 seconds, respectively. Bogue’s figures (J. Amer. Chem. Soc., 
1922, 44, 1319) for a 2 per cent. solution at 35° also show that for a 
range of pq values such as those used in this investigation the 
viscosity values do not vary over an interval of two or three 
hours. 

The results obtained for 1-5, 1-0, 0-66, and 0-33 per cent. solutions, 
containing sulphuric acid, are given in Table II, the viscosities being 
expressed in centipoises. The curves showing the relation between 
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the viscosity and the concentration of acid in the solution are given 
in Fig. 3. 

In the neighbourhood of the minimum point, the viscosity changes 
very little with alterations in the amount of acid added to the 
slution. The experimental method used does not permit of a 
greater accuracy than about 0-3 per cent., so that in repetition 
measurements it is possible to obtain figures which indicate either 
4 minimum or else a region of practically non-varying viscosity. 
If such variations did occur, however, it was found that any 
minimum indicated in one experiment always occurred in the region 
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of non-varying viscosity obtained in repetition experiments. By 
comparison of the various results, the positions of the minima have 
been fixed, it is believed, within an accuracy of about 1 c.c. of 
N/100-acid. The minima are indicated by being printed in italics. 

The results obtained are thus very similar in type to those of 
Pauli and Samec, although, if they are plotted as in Fig. 4, it will 
be seen that they do not agree, probably because different kinds 
of gelatin were used. Our results further indicated that the 
amount of acid necessary to give a solution with minimum viscosity 
varies directly with the concentration of the gelatin, but it would 
be premature to take this relation as proved. 

In contradistinction to Pauli and Samec, measurements of the 
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hydrion concentration of solutions showing a minimum viscosity 
and also of some other solutions have been made. Hydrogen 
electrodes of the type employed by Lloyd and Mayes (loc. cit.) were 
used, and in every case determinations were made with two different 
and freshly prepared electrodes. The point only of each electrode 
was allowed to touch the solution, and measurements were made as 
soon as possible after contact. It will be seen (Table II) that in 
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Points represented by circles are values taken from Table II ; those represented 
by crosses are values obtained by Pauli and Samec, Table I. 
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each case the solution showing minimum viscosity has a py of 
4-6—4:7, that is, the isoelectric point is independent of the con- 
centration of the gelatin. Loeb’s measurements were generally 
made at 20° or 24°, and in all cases he found 4-7 as the py of the 
isoelectric point. The value seems to be the same at 35°, but it 
would only be safe to say that within the limits of error of experi- 
ment the value remains the same over the temperature interval 
indicated. Davis and Oakes (J. Amer. Chem. Soc., 1922, 44, 478) 
find that at 40° the minimum value of the viscosity for 1 per cent, 
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solutions is at py, 8-0, but this anomaly requires further invest. 
gation. 

The results obtained for the viscosities of gelatin solutions wer 
repeatedly checked, but it was thought advisable to carry out, 
new series of measurements, making up the solutions in a different 
way. A stock solution of 2 per cent. strength was made by dis. 
persing the gelatin in water at 70°, and, after filtering, was placed i 
the thermostat at 35-4°. Fifty c.c. were then pipetted into a 100 c¢, 
graduated flask and diluted to the mark with water and the required 
amount of dilute acid. The diluted solution was then heated to 
70°, in order_rapidly to attain equilibrium after diluting (compar 
Arisz, Koll. Chem. Beihefte, 1915,'7, 1), and again placed in the thern. 
ostat, the viscosity then being measured when the temperature had 
reached 35-4°. Solutions of 0-66 and 0-33 per cent. strength were 
similarly prepared. This method of preparation will give slightly 
weaker solutions than those of the corresponding strength made by 
the first method, so that the viscosities will be somewhat lower, 
This is of no importance, however, since the object of the experi- 
ments was simply to find the connexion between the hydrion 
concentration and the minimum viscosity; the method has the 
advantage of using the same sample of gelatin for each series of 
measurements, and it is well known that gelatin is a very difficult 
substance to sample satisfactorily. 

The results are given in Table II under the heading ** Method 2” 
and it will be seen that they agree with those found by the first 
method. 

Table III gives the results of measurements made when acetic 
acid was used, and it will be seen that the quantities of acid necessary 
to produce a minimum viscosity are approximately the same as 
those of sulphuric acid. 


TaB_e III. 
Acetic acid and gelatin. 
Viscosities (first method only). 


Concentration ~ 
of acid. 1% gelatin. 0-66%. 0-33%,. 
0 . 0-942 0-8375 
2x10-¢* : 0-933 0-830 
4x10-* -00: 0-933 0-838 
6x 10-4 : 0-942 0-840 
8x 10-4 : 0-946 0-843 
10 x 10-4 
_.. 12xK10-*- 
14x10-* - 


In -} per cent. solution ‘in which the concentration of acetic 
acid was 9 x 10-? the py, was 4-65. 
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In accordance with theory, it was further found that when a 
solution of gelatin, made isoelectric (py = 4-7) either with acetic 
or sulphuric acid, was diluted to twice or three times its volume its 
Pa remained constant within the errors of measurement. 


Summary. 

1. The minimum viscosity of gelatin sols occurs at a py of 4-7 
at 35-4° with both strong and weak acids. 

2. The amount of acid required to produce the minimum viscosity 
ina given volume of gelatin sol is not independent of the concentra- 
tion of gelatin, but appears to be a straight-line function of it. 

3. The amount of sulphuric acid required to produce minimum 
viscosity is approximately the same as the corresponding amount of 
acetic acid. 

4. The fact that in some cases the point of non-preferential 
wandering of protein under the action of an imposed #.M.F. 
occurs at a py above that at which minimum viscosity occurs may 
be due to the presence of basic degradation products of the protein. 


The authors are indebted to Dr. T. Slater Price, at whose sugges- 
tion this work was undertaken, for much valuable criticism and 


advice. 
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CCCXLI.—The Adsorption of Radium-B and Radium-C 
by Ferric Hydroxide. 


By Joun ARNOLD CRANSTON and RosBerT Horton. 


Ir has been shown that ferric hydroxide adsorbs thorium-B and 
thorium-C in proportions varying regularly with the acidity of 
the solution (Cranston and Burnett, T., 1921, 119, 2036). When 
the acidity was plotted against the atomic ratio Th-B/Th-C 
adsorbed, a curve was obtained having an inflexion at a point 
corresponding with the radioactive equilibrium ratio of thorium-B 
to thorium-C. 

It appeared important to find out whether a mixture of their 
isotopes, radium-B and radium-C, respectively, behaved in a 
similar manner, showing a point of inflexion corresponding with 
the same ratio, or whether a point of inflexion occurred corresponding 
with the different equilibrium ratio of radium-B to radium-C. 
This has now been done and the latter found to occur. Pr cet 
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The ratio of radium-B to radium-C after adsorption was found 
from the decay curves by comparison with a series of decay curves 
calculated for mixtures of radium-B and radium-C. 

The activity at time ‘t’ is given by the expression 


Qe PA ene 


where Q, and Py = No. of atoms of radium-C and -B, respectively, 
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present initially, and A, and A; = radioactive constants for radium-5 
and -C, respectively. 

A series of these curves is shown in Fig. 1, where Qy has the 
constant value 100 and P, varies. Hence from the shape of any 
experimental decay curve, it is possible to obtain the ratio Ra-B/ 
Ra-C present initially by comparison with the theoretical curves. 
In practice, it was found that the ratio of Ra-B/Ra-C could be 
most readily obtained by taking the ratio of the activity at the 
end of one hour ‘to the activity at the end of ten minutes and 
comparing that with a theoretical curve obtained by plotting this 
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ratio against the ratio Ra-B/Ra-C. The latter curve is shown 
in Fig. 2. 

The experiment was carried out in the following manner. A 
colloidal solution of ferric hydroxide was prepared by adding 
3c.c. of V-ferric chloride solution to 300 c.c. of distilled water which 
had been heated to boiling. The solution was then dialysed free 
from hydrochloric acid. An active deposit was obtained on a 
platinum wire in the usual way and dissolved by addition of acid 
of the required strength. The solution was kept for half an hour 
so that the effect of the radium-A would be negligible, and the 
radium-B and radium-C would be more nearly in radioactive 
equilibrium. 

Fic. 2. 


Z 


fo 


— 


2 
= 
SS 
“=, 
4 
S 
S 
a) 
~ 
3 
NN 
‘2 
= 
S 
~ 
ao 


nr 


03. O4 #4O5 O06 O7 O8 
. Activity after 1 hour 
aaa tae fei minutes 

In carrying out the adsorptions, 2 c.c. of the colloidal solution 
were added to the solution of the active deposit in the required 
strength of acid. The ferric hydroxide was then precipitated by 
adding a drop of sodium sulphate solution. The precipitate was 
rapidly filtered and dried and the activity determined at short 
intervals in the «-ray electroscope. The zero time for the curves 
was that at which the colloid was added to the solution of the radio- 
active elements. The actual decay curves obtained are shown in 
Fig. 3, the scale of the activities being chosen so that the initial 
activity in each case is 100. 

For acidities lower than 0°0001N the hydrochloric acid was 
replaced by mixtures of potassium dihydrogen phosphate and 
disodium hydrogen phosphate for which the hydrogen-ion concen- 
tration was known. The acidities were checked by determining the 
hydrogen-ion concentration in the filtrates by means of the hydrogen 
concentration cell. 

VOL. CXXI1. 
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The results are shown in the following table, the hydrogen-ion 
concentration being expressed as — log [H’]. 


a. + eee 20 27 30 34 3-7 40 52 62 69 78 
Atomic ratio ......... 0-18 0-15 0-15 0-16 0-5 O8 1-95 2-05 1-85 1-75 
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The value of — log [H’] was plotted against the atomic ratio Ra-B 
to Ra-C adsorbed. The curve obtained is shown in Fig. 4. It 
thus appears that the ratio of Ra-B to Ra-C adsorbed at a definite 
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acidity is different from the ratio of their isotopes, Th-B/Th-C, 
adsorbed at the same acidity. 

Experiments were then carried out on the simultaneous adsorp- 
tion of the four elements, Ra-B, Ra-C, Th-B, and Th-C. Since a 
marked difference exists between the decay curves of the two 
series, it was thought that the respective ratios Ra-B/Ra-C and 
Th-B/Th-C could be found from the experimental curve obtained 
when both series are decaying. 

The active deposit of thorium was obtained on a platinum plate 
and the radium active deposit on a platinum wire. The deposits 
were dissolved off in 0:001N-hydrochloric acid and the solutions 
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mixed and left for half an hour. Previous experiments had shown 
that under these conditions thorium-B and thorium-C, as well as 
radium-B and radium-C, would be present in approximately 
equilibrium ratio. The adsorption was carried out exactly as 
before. Fig. 5 shows the experimental curves obtained. 

A series of theoretical decay curves were plotted for Th-B/Th-C 
in a similar manner to those for Ra-B/Ra-C. They are shown in 
Fig. 6. From the initial rate of decay of the experimental curve 
(Fig. 5), it was assumed that the activity after three hours would 
be due entirely to the thorium members, the effect due to the 
radium-C being then negligible. Thus from the reading at the 
end of three hours and at the end of six hours, it was possible by 
comparison with the theoretical curves to determine the ratio of 


thorium-B to thorium-C originally adsorbed, and hence their 
5 D2 
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initial activity. The difference curve thus obtained was due to 
the radium members. 

An this manner, the curves of Fig. 5 were found to correspond 
with the following ratios. 


Expt. 1. Expt. 2. 
Ratio Ra-B/Ra-C adsorbed ............-+++0e+++0++ 0-18 0-2 
Ratio Th-B/Th-C adsorbed  ............0..eeeeeeees 4-1 4:8 


Thus from the same solution the ratio of elements of atomic 
number 82 and 83 adsorbed has a different value according to the 
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series to which the elements belong; or, in other words, a partial 
separation of isotopes has been effected. 

In order to avoid the conclusion that isotopic elements have not 
similar adsorptive properties, the authors conclude that the evidence 
obtained is in support of the colloidal theory put forward in the 
paper already referred to. They picture in 0°001N-acid solution 
a certain proportion of the -B members as existing in the state of 


colloidal aggregates of negative charge which, with lapse of time, 
disintegrate partially into the -C members. 


These are held in the 
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colloidal state and are adsorbed owing to the predominating influence 
of the remainder of the -B members. Hence the adsorption of the 
.C members is in greater proportion for the radium series owing 
to the period of radium-B being less than that of thorium-B. 
Further experiments are being carried out to determine quant- 
itatively the influence of the relative concentrations of the -B and 
0 members before adsorption on the ratio in which they are 
adsorbed. 
Summary. 


1. Previous work on the adsorption of -B and -C members by 
ferric hydroxide has been continued. Radium-B and radium-C 
are adsorbed in proportions varying regularly with the acidity of 
the solution. 

2. At a given acidity the ratio Th-B/Th-C adsorbed is greater 
than the ratio of Ra-B/Ra-C adsorbed. 

3. This different behaviour is maintained when the adsorption 
is carried out in a mixed solution of the four radio-elements. 

4. These results are interpreted as evidence in favour of the 
colloidal theory put forward in a previous paper. 


The authors are indebted to The Glasgow and West of Scotland 
Radium Committee for supplying quantities of radium emanation 
from which the active deposits were prepared. 


Royat TECHNICAL COLLEGE, 
GLasGow. [Received, November 11th, 1922.] 


OCCX LIT.—The Hydrolysis of Platinum Salts. Part II. 
Potassium Platinibromide. 


By Espen Henry ARCHIBALD and WILLIAM A. GALE. 


Certatn features regarding the hydrolysis of potassium platini- 
chloride have been noted by one of us in a previous paper ('T., 
1920, 117, 1104), where the extent and rapidity of the reaction, 
under definite conditions as to temperature and intensity of light, 
have been described. In particular, it was found that a solution 
as dilute as V/100 (K,PtCl,/400) did not undergo hydrolysis in the 
absence of light radiation, within, at least, several months from 
the time of preparation; whilst with a N/50-solution the hydrolysis 
would begin in the absence of light after several days and then 
proceed to the same equilibrium point as when under the influence 
of strong light radiations. When soluble chlorides were added to 
the solution of the hydrolysed salt, the reverse of the previous 
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reaction appeared to begin at once, and, if sufficient chloride had 
been added to give approximately a N/10-solution, the reverse 
reaction continued until the acidity of the solution disappeared. 
There were some indications of a secondary reaction taking place 
after the hydrolysis had reached the point of maximum acidity, 
without the influence of any added common ion, a secondary 
reaction that lowered the acidity, but the effect was so small that 
it could not be measured with certainty. A few preliminary experi- 
ments showed that this secondary reaction was much more marked 
in the case of the platinibromide, and as a study of this change 
in the solution might be expected to throw some light on the main 
reaction, it was thought worth while to follow the decomposition 
of the platinibromide as we had done for the platinichloride. There 
was, further, the question as to whether the intensity of the light 


Fria. 1. 


PLATINUM BLACK 
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would influence the final equilibrium point of the solutions; a 
study of the behaviour of the bromide might throw some light on 
this point. With these features of the problem in mind, the 
experiments described below were carried out. 


EXPERIMENTAL. 


Preparation of Materials——The same care was taken in the 
preparation of all the chemicals used as in the previous investi- 
gation. The methods used in the purification need not be repeated 
here. In preparing the potassium platinibromide, the method 
employed was very similar to that used in the case of the platini- 
chloride. A strong solution of hydrobromic acid was electrolysed, 
using as anode the purified platinum black. The arrangement of 
the apparatus will be easily understood from Fig. 1. 

The solution of bromoplatinic acid which resulted contained a 
large excess of bromine, and a part of this was expelled before the 
potassium bromide solution was added in the precipitation of the 
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TABLE I. 
N/500-K,PtBr, solution. N/250-K,PtBr, solution. 
Time, Ba(OH), HBr, Time, Ba(OH), HBr, 
minutes. solution, c.c. gram. minutes. solution, c.c. gram. 
0 0 0-00000 0 0 0-00000 
30-0 0-30 0-00024 62-0 1-1 0-00089 
90-0 0-55 0-00045 89-0 1:3 0-00105 
120-0 0-60 0-00049 149-0 1-4 0-00113 
215-0 0-75 0-00061 242-0 1-5 0-00121 
285-0 0-80 0-00065 337-0 1-6 0-00130 
415-0 0-95 0-00077 400-0 1-7 0-00138 
720-0 1-4 0-00113 
‘ 840-0 1:3 0-00105 
Light off { ISdays = Il 0-00089 
N/100-K,PtBr, solution. N/50-K,PtBr, solution. 
Ba(OH), Ba(OH), 
Time, solu- HBr, Time, solu- HBr, 
minutes. tion, ¢.c. gram. minutes. tion,¢c.c. gram. 
0 0 0-00000 0 0-03 0-00002 
60-0 2-0 0-00162 47-0 2-2 0-00178 
85-0 2:3 0-00186 120-0 4-0 0-00324 
145-0 2-6 0-00211 365-0 5-6 0-00454 
236-0 2-8 0-00227 490-0 5-2 0-00421 
332-0 3-0 0-00243 550-0 4:7 0-00381 
420-0 3-2 0-00259 00 
537-0 3-0 0-00243 : 740-0 3°7 0-003 
Light [ 870-0 34  0:00275 
652-0 2-8 0-00227 ott | 25-3 hrs. 3-0 0-00243 
Light ( 24 hours 2-4 0-00194 42 days 1-9 0-00154 
A a -. on 0-00186 
15 days 1-6 0-00130 


N/25-K,PtBr, solution. 


Ba(OH), 
Time, minutes. solution, c.c. HBr, gram. 
0 0-03 0-00002 
58-0 3:3 0-00267 
130-0 6-2 0-00502 
285-0 9-0 0-00729 
368-0 9-2 0-00745 
435-0 9-4 0-00761 
545-0 9-6 0-:00778 
740-0 8-8 0-00713 
Licht | 860-0 6-6 0-00535 
cual off 26 hours 3-8 0-00308 
49 ,, 3-2 0-00259 
2-6 0-00211 


platinum salt. The platinibromide was washed with dilute bromide 
solution and alcohol in a Gooch crucible and carefully dried at a 


low temperature. 


The colour of the product varies appreciably with the size of the 
crystals formed—that is, with the rapidity of precipitation—from 


bright scarlet to deep ruby red. 
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The Experiments—The procedure followed in preparing the 
solutions of the platinum salts, exposing them to the light radi. 
ations, and the subsequent titration of the acid formed from the 
hydrolysis, were the same as described in the previous paper. 
With the platinibromide, Congo-red as an indicator was found to 
give the best results. 1 C.c. of the barium hydroxide solution was 


equivalent to 00081 gram of hydrobromic acid. 
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Acidity curves for various concentrations of K,PtBr, in the light. 


The different solutions studied had concentrations corresponding 
to 0°004N, 0°01N, 0°02N, and 0-°04N, considering one-fourth the 
formula weight, K,PtBr,/4, the equivalent. 

Table I shows the extent to which the hydrolysis has gone 
under the influence of light. The time of exposure in minutes 
is given in the first column. The second column shows the c.c. 
of barium hydroxide solution necessary to neutralise a 10 c.c. 
portion of platinum solution, whilst the third column gives the 
weight in grams of hydrogen bromide formed in 100 ¢.c. of solution. 

The progress of the hydrolysis will be more readily seen from a 
consideration of the curves shown in Fig. 2, where the time as 
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abscissxe is plotted against the acidity expressed as the volume of 
hydroxide solution used for 10 c.c. portions. 

The shape of the curve is very much the same for all concentrations 
studied. It is noteworthy that the rise is at first very rapid, the 
maximum acidity being attained within seven or eight hours. The 
drop in the acidity from the maximum which was scarcely notice- 
able in the case of the platinichloride is here very marked, and 
continues until almost 40 per cent. of the acid formed has dis- 
appeared. 

The general curve as shown in Fig. 3, which represents fairly 
dosely the progress of the reactions, at least for the four more 
concentrated solutions, may be divided into four parts. 

From A to B we have the initial rate of hydrolysis where the 
amount of acid in the solution has not been appreciably affected 
by auy secondary reaction. From B to C we have an almost straight 


Fic. 3. 


Generac Curve ror Acorty or H,PrBr, 
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ACIDITY 


TIME 
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line portion, rising to a maximum at C, in approximately eight 
hours, with the particular intensity of light used. Over this part 
of the curve the influence of the reaction which accounts for the 
disappearance of so much of the acid formed is clearly seen. From 
C to D the acidity decreases rapidly, whilst from D the decrease 
is very slow until final equilibrium is reached. 

It is found that if a solution that has been exposed to the light 
be placed in the dark before the acidity corresponding with point B 
is reached, the hydrolytic reaction practically stops, but will con- 
tinue again on re-exposure. If point B has been passed before 
the solution is placed in the dark, the acidity does not remain 
constant but gradually drops to the point of final equilibrium, 
almost as rapidly as if in the light. This seems to show that the 
reverse reaction is not influenced by the light to the same extent 
as the direct reaction. 

The difference in the behaviour of solutions of platinibromide 


and platinichloride can be seen from the shape of the curves in 
5 D* 
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Fig. 4. The rate of the hydrolytic reaction is very much greater in 
the case of the platinibromide solutions, and the point of maximum 
acidity is reached much sooner for these solutions than for those of 
the platinichloride. The maximum point, however, for the platini. 
chloride is much higher than for the platinibromide, and there is 
very little, if any, recession in the case of the former solutions 
from this maximum, whilst the reverse reaction for the bromide 
accounts for a considerable decrease in the acidity of the solution 
and takes place at an appreciable rate. 

The fractions of the bromine assumed to be replaced at the point 
of maximum acidity and of final equilibrium, for the several con- 
centrations, are shown in Table II. The values are expressed as 
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TIME. 
Comparison of rates of hydrolysis of K,PtBr, and K,PtCl, solutions of 
equal concentration (0°02N) in the light. 
fractions of the bromine associated with the platinum as PtBr,. 
The second and fourth columns give the fraction of one Br that has 
been replaced for that concentration. 


TABLE II, 

Normality of Br replaced at final 
solution Br replaced at maximum. equilibrium. 
K,PtBr, Fraction Fraction 

( Te ). of 1 Br. % of 4Br. of 1Br. % of 4Br. 
0-04 0-97 24-25 0-26 6-0 
0-02 1-12 28-0 0-36 9-0 
0-01 1-28 32-0 0-56 14-0 
0-004 1-7 42-5 1-10 27-5 
0-002 1-9 47-5 — —- 


Hydrolysis in the Dark.—The behaviour of the solutions when 
prepared and kept in the dark was as follows. No change could 
be detected for the first three days. The acidity then rose slowly 
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to an equilibrium corresponding with the final acidity reached in 
the light; there being no evidence of a decrease. The time required 
to reach this point was about fifteen days, both for a saturated 
solution and one that was 0-02N. 

The Effect of Adding a Common Ion.—The addition of potassium 
bromide to a hydrolysed solution caused a reversal of the reaction, 
as indicated by a rapid decrease of acidity. A 0°02N-solution that 
had reached equilibrium in light became neutral in forty minutes 
in the light after sufficient potassium bromide had been added 
to give a 0°05N-solution of KBr. The influence of the light on this 
reverse reaction in the presence of potassium bromide is illustrated 
by the fact that a solution which required five hours for reversal 
in the dark only required forty minutes in the light. 

The addition of sodium bromide to the hydrolysed solution had 
asimilar effect to that of the potassium bromide, whilst an equivalent 
amount of potassium nitrate did not appreciably change the point 
of equilibrium; neither did the presence of potassium nitrate 
noticeably affect the rate of the hydrolytic reaction if added to the 
solution undergoing hydrolysis. 

Attempts to Isolate a Product Formed by Hydrolysis —An attempt 
was made to precipitate from the hydrolysed solution a product of 
the hydrolysis. Thinking that the reaction product was probably 
less soluble than the original salt, we added a saturated solution 
of potassium bromide to a solution having a maximum acidity. 
The bright scarlet crystals which separated were carefully analysed 
for platinum and potassium bromide, by heating a weighed portion 
of the precipitate in a porcelain boat in a stream of hydrogen. 
The platinum black and potassium bromide were weighed, the 
weights corresponding very closely with the formula K,PtBr,. 
Evidently no appreciable amount of the product formed by 
hydrolysis had been precipitated. 

Evaporation of a hydrolysed solution also yielded crystals of 
the normal platinibromide. The weight of the residue corre- 
sponded exactly with the weight of potassium platinibromide 
known to have been originally present. Samples of these crystals 
as well as some obtained from the precipitation noted above were 
examined under a. high-power microscope and found to have the 
same form as those of the original compound. These results seem 
to confirm the supposition that the PtBr,” ion is re-formed by the 
reverse reaction. 

A few of the crystals formed from the evaporation were re- 
dissolved and the solution was exposed to the light as before; the 
initial rate of the hydrolysis was the same as before, but the point 


of maximum acidity was not as high—the B C portion of the curve 
5 D* 2 
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(Fig. 3) being flatter. This was also the case with portions recovered 
from titration residues by partial evaporation and _ precipitation 
with saturated potassium bromide solution. This may be due 
to the presence of traces of hydrolysed products which act 
catalytically in the reverse reaction. 

To another solution that had reached its point of maximum 
acidity a considerable quantity of alcohol was added. Again the 
precipitate obtained proved on examination to be the platini- 
bromide, 

The observed increase and decrease in acidity may be accounted 
for by assuming that the following chemical reactions take place; 
we may suppose that the salt in solution is almost completely 
ionised, thus : 

K,PtBr, = 2K* + PtBr,” See Secs a tt we 
Under the action of light the ion carrying the bromine then undergoes 
hydrolysis, thus : 


PtBr,” + HOH = PtBr,OH”+HBr . . . . . (2) 
The second hydroxyl adds on more slowly than the first one, thus: 
PtBr,OH” + HOH = PtBr,(OH),”-+ HBr. . . . (3) 


The ion PtBr,(OH),” then reacts with the hydrobromic acid formed 
and reverts to the original states : 
2PtBr,(OH),” + 3HBr = PtBr,OH” +- PtBr,” +- 3H,O (4) 

As pointed out above, the experiments show that the light has 
a much greater effect on the direct than on the reverse reaction. 
It appears, then, that only in the light does reaction (3) take place 
rapidly enough to more than counterbalance the effect of reac- 
tion (4). In such a case we get the maxima shown in the curves 
(Fig. 2). In the absence of light radiation, reaction (3) goes so 
slowly that its effect is entirely masked by that of (4). 

Using the spectroscope of a Tutton monochromatic illuminator 
and Baly absorption tube, some observations have been made of 
the absorption spectrum of solutions of the platinibromide. As 
soon as circumstances will permit we wish to extend these measure- 
ments to include both the hydrolysed and unhydrolysed solutions, 
as well as the corresponding solutions for the platinichloride. 


Summary. 


(1) Solutions of potassium platinibromide are rapidly hydrolysed 
under the influence of light. 

(2) The acidity of the solution increases, at first rapidly, then 
more slowly to a maximum, and finally decreases to an equilibrium 
that varies with the concentration of the solution. 
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(3) The addition of a soluble bromide causes complete reversal 
of the chemical action. The reaction involved here is also 
accelerated by light. 

(4) In the absence of light radiations, hydrolysis can be noticed 
in the solutions only after several days; the final equilibrium point 
is then reached without the solution showing a maximum point 
on the acidity curve. 

CHEMICAL LABORATORY, 


UNIVERSITY OF BritTisH COLUMBIA, 
VANCOUVER, B.C. (Received, November 13th, 1922.] 


(CCX LITI.—Researches on Residual Affinity and Co- 
ordination. Part XII. Cobaltammine and Ferric 
Lakes of Dinitrosoresorcinol. 

By Gipert T. Morcan and Jonn Ewarr Moss. 


Ix two earlier communications (T., 1921, 119, 704; this vol., 
p. 160) on cobaltammine lakes of quinoneoxime and alizarin dyes, 
it was shown experimentally that these adjective dyes owe their 
distinctive lake-forming properties to the presence in the colour 
molecule of at least one unsaturated group (I or Ia) capable of 
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taking up two positions in the co-ordination complex surrounding 
a metallic atom so that the latter becomes finally held in a hetero- 
cyclic ring. To these unsaturated radicles, which are capable of 
acting as two associating units, has been given the name of chelate 
groups because of the tenacity of their grip on the implicated metallic 
atom. 

The presence of chelate groups in a dye may be detected by the 
use of a cobaltammine reagent consisting of an ammoniacal solution 
of hydroxopentamminocobaltic chloride, [HO-Co(NHg),|Cl,. If the 
dye contains one chelate group, three of these unsaturated radicles 
combine with one atom of tervalent cobalt, satisfying completely 
its principal and supplementary valencies so that the metallic atom 
loses completely its capacity for combining with ammonia. This 
central cobalt atom, which is then said to be completely chelated, 
has become implicated in three heterocylic rings, one arising from 
each of the three chelate groups. — 


a re 
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Meanwhile, the cobaltammine reagent combines with any other 
acidic groups present in the dye to give a pentamminocobaltic 
salt, so that if the resulting complex lake contains n atoms of 
cobalt and m molecules of ammonia the relationship between these 
constituents is expressed by equation (i) . . . m = 5(n — 1). 

If there are two or more lake-forming chelate groups present in 
the dye, the relationship becomes somewhat more complicated, 
because, owing to spatial arrangement, the second chelate group 
can only co-ordinate once with a tervalent cobalt atom, the latter 
retaining the power of association with four molecules of ammonia, 
The equation for a polychelate dye thus becomes 

Baws m= 5[n—° $4), 
where c is the number of chelate groups. Several examples of 
dichelate mordant dyes have been observed in the alizarin series 
(loc. cit.). 

These considerations have now been applied to the case of 
dinitrosoresorcinol or | : 2 : 3 : 4-benzodiquinone-1 : 3-dioxime (II) 
with the object of ascertaining the nature of the metallic lakes 
derived from this quinoneoxime dye, or, in other words, of finding 
out whether the colouring matter is a monochelate or a dichelate 
dye. Dinitrosoresorcinol, when precipitated on iron mordants, 


gives rise to fast green lakes, variously designated as resorcinol 
green, chlorin, resorcin green, Alsace green, fast myrtle green, ete. 
With chromium mordants, it furnishes fast brown lakes. These 
shades of colour resemble closely those derived from the 1 : 2-naphtha- 
quinonemonoximes (Gambine or nitrosonaphthol dyes) which have 
been shown definitely to be monochelate dyes (loc. cit.). 

The foregoing consecutive formula II assigned to dinitroso- 
resorcinol has not hitherto been demonstrated by direct proof, 
but nevertheless this constitution is rendered very probable by the 
analogies drawn from the behaviour of homologues of resorcinol 
towards nitrous acid. §-Orcinol [2CH,:20H = 1:4:3:5], in 
which one methyl group occupies the position contiguous to the 
two hydroxyl radicles, yields only a mononitroso-derivative even 
with excess of nitrous acid, whereas orcinol [CH,: 20H = 1: 3:5] 
and its isomeride, cresorcinol (CH, : 20H = 1 : 2 : 4], readily furnish 
dinitroso-compounds even with a deficiency of nitrous acid, and in 
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the latter instance one of the nitroso-groups must enter the position 
contiguous to the two hydroxyl radicles (Kostanecki, Ber., 1887, 
20, 3133). The consecutive formula for dinitrosoresorcinol suggests 
a possibility that this substance may behave towards metallic 
mordants as a dichelate dye, in which contingency the cobalt- 
ammine lake should have a composition determined by the second 
of the foregoing equations. Putting c and n each equal to 2, the 
number, m, of ammonia molecules should be four. Experiment 
shows, however, that the dicobaltic lake contains not four but 
five molecular proportions of ammonia in accordance with equa- 
tion i. Hence it follows that dinitrosoresorcinol, although a 
dioxime, behaves as a monochelate dye, thus falling into line 
with the nitrosonaphthol or 1 : 2-naphthaquinonemonoxime colour- 
ing matters. The simplest explanation of this behaviour is that 
the median isonitroso- and carbonyl radicles form the two limbs of 
the chelate group, leaving to the terminal isonitroso-radicle the 
simpler function of salt-formation. On this hypothesis, the con- 
stitution to be assigned to the cobaltammine lake is as shown in 
formula ITT. 


This view of the constitution of the cobaltammine lake is confirmed 
by evidence derived from a study of the iron lakes of dinitroso- 
resorcinol. 

The iron lakes of quinoneoxime dyes are almost invariably cited 
as ferrous compounds in the technical literature of colouring 
matters. There is, however, no analytical justification for this 
fallacious formulation, which has been advocated probably owing 
to two circumstances: first, these lakes are often produced either 
on the textile fibres or in bulk from ferrous compounds, and, 
secondly, the deep green colour of the lakes suggests a misleading 
analogy with the similar although much paler tints of many 
ferrous salts. 

The green quinoneoxime iron lakes can be produced from either 
ferric or ferrous salts, but in the latter instance lake formation is 
accompanied by oxidation. The product contains ferric iron in 
both cases and the intense green colour is characteristic of the 
heterocyclic complex in which the tervalent iron atom has now 
become implicated. 
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When dinitrosoresorcinol and ferrous sulphate interact in presence 
of ammonia under ordinary atmospheric conditions, a deep green 
lake is obtained. This product contains no ferrous iron, but has 
the composition of a basic ferric compound derived from a 
monochelate mordant dye (IV). 


(IV.) 


The formation of this basic ferric lake agrees with the analytical 
data obtained by O. Hoffmann in a study of the iron lakes of 
2-nitroso-«-naphthol-4-sulphonic acid (Naphthol Green G), where 
ferrous salts gave lakes corresponding with a basic ferric constitu- 
tion (Ber., 1891, 24, 3741). This investigator noticed that by 
repeated crystallisation the basic lakes furnished the normal ferric 
lake, a product which was obtained more directly by the use of a 
ferric salt. 

The interaction of ferric alum and dinitrosoresorcinol in presence 
of ammonia leads similarly to the normal ferric lake containing one 
atomic proportion of iron combined with three molecular pro- 
portions of the monoammonium salt of the benzodiquinonedioxime 
radicle (V). 


— 


NONH,\ 


J 

The composition and properties of the cobaltammine and ferric 
lakes of dinitrosoresorcinol furnish corroborative evidence in 
support of the view that this dye contains one chelate group and 
one salt-forming radicle as symbolised in the foregoing constitu- 
tional formule. 

Accordingly, our practical results substantiate the consecutive 
formula for dinitrosoresorcinol (II) inasmuch as this configuration 
shows distinctly that the two isonitroso-radicles differ fundamentally 
in function. The median isonitroso-group alone is involved in the 
chelating complex, whereas the terminal isonitroso-group situated 
in the para-position with respect to the remaining carbonyl group 


amn 
gree 
addi 
salt 
pre} 
2N- 
resu 
heat 
proc 
in ] 
10 

(Co) 
cent 


T 


RESIDUAL AFFINITY AND CO-ORDINATION. PART XII. 2861 


behaves merely as an acidic radicle. A symmetrical formulation 
(1:2:4:5) for dinitrosoresorcinol suggests on the contrary that 
both isonitroso-groups have similar functions, thus leading to a 
dichelate dye. This supposition is entirely opposed to the 
experimental evidence. 


EXPERIMENTAL. 


Dinitrosoresorcinol was prepared by the method outlined in 
Cain and Thorpe’s “Synthetic Dyestuffs,” ed. 1913, page 253, 
and dried on porous plate over sulphuric acid under reduced 
pressure. The product then contained one molecule of water 
(Found: N = 15°08, 15°20. ©C,H,O,N,,H,O requires N = 15°04 
per cent.) (compare Fitz, Ber., 1875, 8, 631; Kostanecki, Ber., 
1889, 22, 1345; Biillow and Deigimayr, Ber., 1904, 37, 1794). A 
difficulty arose in estimating ammonia in the complex cobalt- 
ammine lakes of dinitrosoresorcinol owing to the fact that the 
colouring matter itself evolved ammonia on heating with 5N-sodium 
hydroxide. The amount set free varied with the time of distil- 
lation; in three and a half hours, about one-sixth of the nitrogen 
present had been eliminated as ammonia and after thirteen and a 
half hours the proportion of nitrogen eliminated was roughly about 
one-fourth of the whole; there was no definite end-point. During 
this distillation, an unmistakably persistent odour of hydrogen 
eyanide was noticed, and this acid was identified in the distillate 
as silver cyanide. The exact nature of the decomposition was not 
ascertained owing to the tarry nature of the non-volatile product. 


1-Pentamminocobaltic 3-Coballic 1: 2:3: 4-Benzodiquinone-1 : 3- 
dioximate (Formula ITT). 


Dinitrosoresorcinol (5°6 grams) was added to 72 c.c. of 5N- 
ammonia, diluted with 30 c.c. of water, when a slight brownish- 
green precipitate was formed, which was dissolved by the further 
addition of 5¢.c.of 5N-ammonia. This solution of the diammonium 
salt of dinitrosoresorcinol was mixed with cobaltammine reagent, 
prepared by adding 2 c.c. of 5N-hydrogen peroxide to 20 c.c. of 
2N-cobalt chloride diluted with 40 ¢.c. of 5N-ammonia. The 
resulting mixture, containing a chocolate-brown precipitate, was 
heated at 75° for fifteen minutes and cooled to 0°. The insoluble 
product, after washing with cold water, was dried over soda-lime 
in presence of solid ammonium carbonate for three days under 
10 mm. pressure [Found: Co= 15°76, 15°83; N = 20°93. 
(C,H,O,N,,H,O),Co.(NH3); requires Co = 15°61; N = 20°38 per 
cent. |. 

The trihydrate was now dried over quicklime for three days under 
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10 mm. pressure [Found: Co = 16°33, 16:44; NH, = 11-72, 
11°33; N = 22°12; another dehydrated preparation gave Co = 
16°95, 16°81; N = 21°31, 21°40. (C,H,0O,N,),Co,(NH3); requires 
Co = 16°81; NH, = 12°13; N = 21°95 per cent.]. 

The anhydrous cobaltammine lake was a chocolate-brown, 
amorphous powder insoluble in water and the ordinary organic 
media; it evolved ammonia on heating and was decomposed by 
warm 5N-sodium hydroxide. The co-ordinated ammonia was 
estimated by distillation during one and three-quarters to two hours 
with aqueous borax (0°3 to 3 per cent.); the total nitrogen was 
determined by Kjeldahl’s method after preliminary reduction with 
sodium hydrosulphite; equal weights (0°3 gram) of this reducing 
agent and the cobaltammine lake were digested at 100° with 6 c.c. 
of 2N-sulphuric acid. The mixture was then heated with 5 to 
10 c.c. of concentrated sulphuric acid and a globule of mercury. 
Owing to the explosive nature of the cobaltammine lake, the metal 
present was estimated as anhydrous sulphate after a preliminary 
digestion at 100° with 2N-sulphuric acid followed by strong heating 
with concentrated acid, any separated carbon being oxidised by 
ammonium nitrate. With cold concentrated hydrochloric, nitric, 
or sulphuric acid, the anhydrous cobaltammine lake developed a 
reddish-brown coloration, becoming orange on dilution. 

A partly chelated lake was obtained by adding slowly a solution 
of 5°6 grams of dinitrosoresorcinol in 110 c.c. of 15N-ammonia to 
20 c.c. of 2N-cobaltic chloride, dissolved in 55 c.c. of 5N-ammonia 
and 4 c.c. of hydrogen peroxide. A brown, gelatinous precipitate 
was formed, and after adding 15 c.c. of 15N-ammonia the mixture 
was heated at 60°. The insoluble product, washed successively 
with water, alcohol, and ether, was dried for four days over soda- 
lime under 10 mm. pressure in presence of ammonium carbonate 
[Found : Co = 15°10, 14:89; N = 21°94, 22°63. 

(CgH,O,No,H,0)3Co.(NH3), 
requires Co = 14°90; N = 23°05 per cent. ]. 


Ferric Ammonium Lakes of Dinitroso- 
resorcinol. 
1. Basic Ferric Lake: 1-Ammonium 3-Hydroxoferric 1:2:3:4- 
Benzodiquinone-1 : 3-dioximate (Formula IV). 

Ferrous ammonium sulphate (7°82 grams), dissolved in the least 
amount of water, was added to 500 c.c. of water and 30 c.c. of 
18N-ammonia containing 13 grams of dissolved dinitrosoresorcinol, 
when an intense green coloration was produced. The solution 
was concentrated on the water-bath to 350 c.c. and cooled. The 
precipitated lake, after washing with 5N-ammonia, was dried for 
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four days in a vacuum desiccator over soda-lime [Found : C = 33:07, 
3312; H = 3-45, 3°36; N — 19°05 (Kjeldahl), 19°60 (Dumas); 
Fe = 12°87, 12°92. (C,H,O,N,,NH,),.Fe-OH requires C = 32°74; 
H = 2°97; N = 19°04; Fe = 12°65 per cent.]. 

The basic ferric ammonium lake of dinitrosoresorcinol was a 
black amorphous powder dissolving in water to a dark green 
solution; its solubility decreased considerably on drying and it 
dissolved sparingly in alcohol or pyridine; it was insoluble in other 
organic media, but dissolved readily in aqueous sodium hydroxide 
or 18N-ammonia. With concentrated nitric or sulphuric acid, 
this lake developed a reddish-brown coloration, becoming orange 
on dilution. On boiling with concentrated hydrochloric acid to 
remove dinitrosoresorcinol, the filtrate on dilution gave all the 
reactions for ferric iron and showed no indication of the ferrous 
condition. The foregoing results proved conclusively that the 
lake produced from dinitrosoresorcinel and a ferrous salt in am- 
moniacal solution exposed to air was entirely a basic ferric compound. 


2. Normal Ferric Lake: 1-Ammonium 3-Ferric 1: 2:3 : 4-Benzo- 
diquinone-| : 3-dioximate (Formula V). 

Ferric alum (9°6 grams), dissolved in 100 c.c. of cold water, was 
added to a solution of 11-2 grams of dinitrosoresorcinol in 450 c.c. of 
water and 25c.c. of 15N-ammonia. The solution was concentrated 
in three different experiments to 300, 400, and 500 c.c. of liquid, the 
yields of green lake being, respectively, 6°9, 8, and 1-4 grams. The 
precipitates were washed successively with alcohol and ether and 
dried for five days over concentrated sulphiric acid under 10 mm. 
pressure [Found: Fe = 9°92, 10°39, 10°44; N = 20°73, 20:11, 
20°42. (C,H,O,N,,NH,)3Fe requires Fe = 9°17; N = 20°71 per 
cent.]. These results agree best with the composition of a normal 
ferric lake. The product is a bluish-black powder soluble in water 
or pyridine to a dark green solution, but insoluble in neutral 
ordinary organic media. 

Inasmuch as pyridine was one of the few organic solvents in which 
dinitrosoresorcinol dissolved, an attempt was made to obtain a 
crystalline ferric pyridine lake. Anhydrous ferric chloride (1°5 
grams, 1 mol.), dissolved in 7 grams of pyridine, was added to a 
solution of 5°35 grams (3 mols.) of dinitrosoresorcinol in 20 grams 
of the same solvent. Heat was evolved and a dark green color- 
ation developed, but there was no precipitate until 40 c.c. of absolute 
alcohol were added, when a dark green substance was deposited, 
which, after washing with alcohol and drying over quicklime in a 
vacuum desiccator, weighed 3°3 grams. The compound gave a 
distinct iodoform test for alcohol (Found : C = 48°87; H = 4°44; 
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N (Dumas) = 11°99, N (Kjeldahl) = 11°41; Fe = 7°62. These 
analytical data indicate a basic ferric pyridine lake, 
{C;H,N-NO°C,H,O,:NO}!,.Fe-OH,4C,H,O, 

requiring C= 4818; H=550; N= 1119; Fe = 7:44; o 
[{C;H,-N-ON:C,H,0,:NO},.Fe],0,8C,H,O, requiring C = 48°75; 
H = 543; N= 11:32; Fe = 7°52 per cent. It was, however, 
impossible to ascertain precisely by analysis the degree of hydration, 
This ferric pyridine lake was sparingly soluble in water, alcohol, 
or ether, but dissolved readily in pyridine to a deep green solution. 


Cobaltammine Salts of Colour-producing Intermediates. 


In connexion with an investigation still in progress on synthetic 
mordant azo-dyes, it became of interest to examine the behaviour 
of the generators of these colouring matters towards the cobalt- 
ammine reagent, especially when it was found that complete 
chelation of the cobaltic complex took place less readily in the 
benzene than in the naphthalene series. 

8-Amino-«-naphthol-3 : 6-disulphonic acid (H acid) yields a 
cobaltammine salt (VI) containing a threefold chelated complex, 
whereas 2-aminophenol-4-sulphonic acid gives only a partly chelated 
compound even at 75°, and repeated attempts up to 100° have 
failed to produce more than twofold chelation (formula VII). The 
case of anthranilic acid is even more exceptional. The cobalt- 
ammine reagent gives an insoluble cobaltous anthranilate, which 
is also formed more simply with ammoniacal cobalt chloride in the 
absence of hydrogen peroxide. The determining factor in this 
reaction is in all probability the sparing solubility of cobaltous 
anthranilate, this salt being removed from the sphere of action 
before oxidation can occur. The cobalt atom, which exhibits its 
lower valency, has also the lower co-ordination number of 4 as 
in the cobaltous «-oximinoketones recently described by Ponzio 
(Gazzetta, 1922, 52, i, 285). 


3 : 6-Dipentamminocobaltic 1-Cobaltic 8-Amino-1-oxynaphthalene-3 : 6- 
disulphonate (Formula V1). 


— 


| GaHdeofs -Leo(un)] °” 


A specially purified specimen of the monosodium salt of H acid, 
obtained from Dr. de Mouilpied of the British Dyestuffs Corpor- 
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ation, gave Na = 6°08, 6:12; S = 17°91, 17°32 per cent., these 
numbers corresponding with the acid sodium salt with 1}H,O 
(compare Dressel and Kothe, Ber., 1894, 27, 2137). 

One-third of the cobaltammine reagent from 30 c.c. of 2N-cobalt 
chloride, 45 c.c. of 5N-ammonia, and 6 c.c of 5N-hydrogen peroxide 
was added to a solution of 10°8 grams of this acid sodium salt 
dissolved in 8 c.c. of 15N-ammonia and 10 c.c. of water, and after 
heating at 100° the mixture was allowed to cool. Following the 
addition of the remaining two-thirds of cobaltammine reagent, the 
dark brown, viscid liquid was heated at 60°, the cobaltammine 
compound being subsequently precipitated by the addition of 
150 c.c. of absolute alcohol. The chocolate-brown product after 
washing with alcohol and ether was dried for a week over soda- 
lime [Found: Co = 13°45; NH, = 13°60; N= 140; 8S = 13°35. 
(C,gH,ONH.°8,0,)3Co3(NH3)39 requires Co = 13°63; NH, = 13°13; 
N= 14:05; S = 14°84 per cent.]. The cobaltammine compound 
of H acid dissolved in water to a reddish-brown solution, changing 
to carmine on adding caustic alkali or to yellow on acidifying. It 
was insoluble in organic media, evolved ammonia on heating, and 
developed a heliotrope coloration, changing to carmine, with con- 
centrated sulphuric acid. 


Cobaltammine Salt of 2-Aminophenol-4-sulphonic Acid, 


ANH 


\ pe Coe 
. “N Hz 


+ SHo (VII.) 


A solution of 11°5 grams of 2-aminophenol-4-sulphonic acid in 
20 c.c. of 15N-ammonia and 50 c.c. of water was added to sufficient 
cobaltammine reagent (see preceding preparation) to furnish 
sufficient cobalt for a dicobaltic salt. The purplish-brown liquid 
was heated at 60°, cooled, treated with 30 c.c. of alcohol, filtered, 
and diluted with 250 c.c. of alcohol. The brown precipitate after 
washing with alcohol and ether was dried for a week over soda- 
lime under 10 mm. pressure: found Co = 13°75; NH, = 13°66. 
This preparation, redissolved in dilute ammonia and heated again 
at 60°, gave, after similar treatment, Co = 13°52; NH, = 14°00. 
Another specimen, after heating at 75°, gave Co = 14°54; NH; = 
13°62. These analyses give the ratio, Co atoms : NH; molecules 
=2:7, corresponding with the partially chelated compound 
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(Cs5H,ONH,°SO,°H,O),Co.(NH;),, which requires Co = 13°82: 
NH, = 13°96 per cent. 


Cobaltous Anthranilate| (CoH<Xy}, >) |. 


To 82 grams of anthranilic acid (3 mols.), dissolved in 15 ee, 
of 5N-ammonia, was added the following cobaltammine reagent 
(1 mol.) : 20 c.c. of 2N-cobaltous chloride, 22 c.c. of 10N-ammonia, 
and 4 c.c. of 6N-hydrogen peroxide. On warming at 80°, the 
solution yielded a dark brown precipitate which assumed a light 
grey colour after washing with alcohol and ether [Found: Co= 
17°45; N=9-40. (C,H,0,N),Co requires Co = 17°77; N = 8-45 
per cent.]. The product contained 1°62 per cent. of ammonia, 
The preparation was repeated with two molecular proportions of 
anthranilic acid; the grey product contained Co = 17-47; N = 8-70; 
and only 0°83 per cent. of ammonia. 

These results showed that the foregoing product was essentially 
cobaltous anthranilate, and not a cobaltammine salt. The pre- 
paration was now modified by using ammoniacal cobaltous chloride 
(1 mol.) to two molecular proportions of anthranilic acid but no 
hydrogen peroxide. The cobaltous anthranilate, an amorphous, 
grey powder insoluble in water and the ordinary organic media, 
gave Co = 17°60; N = 9°10; and only 0°68 per cent. of ammonia. 
Anthranilic acid, melting at 141°, was set free either by hydro- 
chloric acid or on prolonged digestion with boiling water. 


The authors desire to express their thanks to the Advisory 
Council of the Department of Scientific and Industrial Research 
for grants which have partly defrayed the expenses of this 
investigation. 
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CCCXLIV.—Researches on Residual Affinity and Co- 
ordination. Part XIII. Cobaliammine and Chromic 
Lakes of the Azo-salicylic Acids. 


By Gitpert T. Morean and J. D. Marin Smitu. 


In our earlier communications on mordant dyes (T., 1921, 119, 
704; this vol., p. 160), we have shown that the quinoneoxime and 
alizarin colouring matters, when treated with hydroxopentammino- 
cobaltic chloride (“‘cobaltammine reagent,” this vol., p. 1969), 


3°82; 
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furnish cobaltic lakes in which at least one radicle of the colour 
molecule is capable of acting as a chelate group in satisfying the 
whole of the chemical affinity of tervalent cobalt, so that this 
implicated metallic atom no longer retains the property of co- 
ordinating with ammonia. Any ordinary salt-forming group 
present in the dye such as the hydroxyl, carboxyl, or sulphonyl 
radicle, loses hydrogen in exchange for the pentamminocobaltic 
group, Co(NH;);. Hence the cobalt and ammonia content of the 
cobaltammine lakes of quinoneoxime dyes and of the monochelate 
dyes of the alizarin series can be expressed by the simple numerical 
relation m = 5(n — 1), where m and 1 represent, respectively, 
the numbers of ammonia molecules and cobalt atoms. 

It has since been shown that chelate groups do not occur in the 
substantive nitro-dyes (picric acid, aurantia, dinitro-«-naphthol 
and its sulphonic acid, this vol., p. 1723), so that presumably 
these chelate groups are characteristic of acidic mordant dyes. 

The cobaltammine reagent has also been applied to the case 
of dinitrosoresorcinol (this vol., p. 2857) with the result that this 
colouring matter, despite its two nitroso- or isonitroso-groups, 
was proved to be a monochelate dye, thus falling into line with 
the nitrosonaphthols. 

The method, being thus shown to be of general application, has 
now been extended to the azosalicylic acids, a group of colouring 
matters which, although substantive for wool, are generally applied 
in conjunction with chrome mordants. 

On treating m-nitrobenzeneazosalicylic acid and its congeners 
with the cobaltammine reagent at 70°, cobaltammine lakes are 
produced which demonstrate the existence of a chelate group 
analogous to that present in alizarin. The hydroxyl and con- 
tiguous carbonyl radicles of the salicylate residue form the chelate 
group. The other hydroxyl group attached to the carboxylic 
carbon atom acts as a salt-forming group, its hydrogen becom- 
ing replaced by one principal valency of the pentamminocobaltic 
radicle (Fig. 2). Six mordant dyes of this series have been 
examined, five being derived from salicylic acid and one from 
2:3-hydroxynaphthoic acid (m. p. 216°). 

m-Nitrobenzeneazosalicylic acid (Alizarin Yellow GG) and 
p-nitrobenzeneazosalicylic acid (Alizarin Yellow R) reacted with 
cobaltammine reagent, giving pentamminodicobaltic lakes, both 
represented by formula If. The foregoing lake formation was also 
efiected in two stages, using m-nitrobenzeneazosalicylic acid as the 
example. At the ordinary temperature, this acid reacts with aquo- 
pentamminocobaltic hydroxide, [H,0,Co5NH,](OH)s, yielding the 
complex diroseo-salt (formula I). This compound is, however, 
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unstable in boiling water or hot aqueous ammonia and decon. 
poses, with loss of half its ammonia, into the chelated lake 
(formula II), the change being irreversible. 


N-CH* NO, arr 


N= —O [Co(NH,). H,0] ae n€__>-0 fom 
fo) Bi 
“ee ~0 Co(NH,), 


SOK [Co(NH),H,0] 


(I.) (IT.) 


o-Carboxybenzeneazosalicylic acid (Diamond Yellow R) and 
m-carboxybenzeneazosalicylic acid (Diamond Yellow G) reacted 
with a larger proportion of cobaltammine reagent, inasmuch as 
each of these colouring matters contains an extra salt-forming 
carboxyl group. The resulting complex lakes each contain three 
cobalt atoms and ten molecular proportions of ammonia as 
indicated in graphic formula III. 


es 
a, an Ce 
“Sof meef-Co(NH) J 


A still more complex lake is produced by the use of 6 : 8-disulpho- 
naphthalene-8-azosalicylic acid (Crumpsall Yellow), and since this 
colouring matter carries three sait-forming groups the product 
contains four cobalt atoms and fifteen molecular proportions of 
ammonia as shown in formula IV. 

The replacement of salicylic acid by 2-hydroxy-3-naphthoic 
acid leads to experimental difficulties owing to the circumstance 
that the dyes produced from this naphthalene intermediate are 
much more prone to oxidation under the influence of the cobalt- 
ammine reagent than is the case with the simpler azosalicylic acid 
dyes studied in this investigation. This difficulty is, moreover, a 
significant one, as it suggests that the cobaltammine method may 
break down when applied to oxidisable dyes. Nevertheless, in 
spite of the oxidising action of the reagent, it is possible to obtain 
evidence of the formation from m-nitrobenzene-1-azo-2-hydroxy-3- 
naphthoic acid of a dicobaltic lake containing the normal propor- 
tions of cobalt and ammonia (Co : NH, = 2:5). Besides containing 
an oxidisable naphthalene residue, this lake differs in another 
important respect from the foregoing members of the series under 
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examination. Its azo-radicle is in the ortho-position to the chelate 
group, the constitution of the complex lake being represented by 
formula V, whereas in the azosalicylates these substituents are 


mutually in the para-position. 


(V.) 


Et Co(N K Jd 


A survey of the foregoing diagrams shows that although these 
cobaltammine lakes of hydroxyazo-dyes derived from salicylic 
acid and 2 : 3-hydroxynaphthoic acid vary in complexity with the 
number of salt-forming groups, yet they all conform to the general 
type now identified as characteristic of monochelate dyes, the 
relationship of ammonia molecules (m) to cobalt atoms (”) as 
expressed in the equation m = 5(n — 1), which has now been found 
to hold for three series of mordant dyes, the quinoneoxime group, 
the azosalicylates, and the monochelate dyes of the alizarin series. 

That the cobaltammine lakes of the azosalicylic acid dyes have 
a definite relationship to the chromic lakes of these colouring 
matters is shown by preparing the yellowish-buff chromic lake from 
sodium m-nitrobenzeneazosalicylate and chrome alum. This simple 


LE “ Ec. 
_ =f Co(NH,)5] 


(VI.) (VII.) 

lake (VI) contains two atomic proportions of chromium to three 
molecular proportions of the azosalicylato-radicle, thus conforming 
to the general type exhibited by the complex cobaltammine lakes. 
Moreover, salicylic acid itself contains the chelate group which is 
operative in the foregoing lakes, and should accordingly furnish a 
cobaltammine lake of similar type. This anticipation has been 
realised experimentally by the isolation of the sage-green salicylic 
lake (VII) as a by-product in the preparation of the salicylato- 
cobaltammines (this vol., p. 1956). The salicylato-radicle, there- 
fore, is a noteworthy instance of a chelate group which can function 
in two different ways; one of its isomeric forms giving rise to the 
soluble crystallisable salicylatocobaltammines, the other yielding 
the insoluble salicylic lake. 
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EXPERIMENTAL. 


Pentamminodicobaltic m-Nitrobenzeneazosalicylaie (Formula II). 


One-hundredth of a gram-molecule (8°61 grams) of m-nitrobenzene. 
azosalicylic acid (synonyms Alizarine Yellow GG [M] and Chrome 
Yellow R [P]) was dissolved by boiling in 20 c.c. of 10N-ammonia 
and 30 c.c. of water; the deep red solution treated with 64 c.c. of 
cobaltammine reagent (1°18 grams Co), a thick brown precipitate 
was formed and the mixture after warming at 60° for half an hour 
was cooled on ice. The yield of dark buff cobaltammine lake after 
washing with dilute ammonia and water and drying over soda- 
lime was quantitative [Found : Co = 11:1; NH, = 8:0; N = 18-4. 
(C\3H,0;N3)sCo,(NH3), requires Co = 11:2; NH, = 8:0; N = 185 
per cent.]. This lake was also obtained in a yield of 93 per cent., 
calculated on the dye, when a 50 per cent. excess of cobaltammine 
reagent was employed. It was insoluble in water, dilute acids, 
strong ammonia, pyridine, or organic solvents ; it dissolved sparingly 
in 5N-sodium hydroxide with yellow to red colorations and evolving 
ammonia on boiling. In methyl sulphate, and in all concen. 
trated acids, it developed intense red colorations distinct from 
those of the free azo-dye, the latter being precipitated on dilution. 


Bisaquopentamminocobaltic m-Nitrobenzeneazosalicylate (Formula 1). 


Aquopentamminocobaltic chloride (5-4 grams in 20 c.c. of water) 
was triturated with excess of silver oxide and the filtrate con- 
taining aquopentamminocobaltic hydroxide (roseo-base) thoroughly 
stirred with 5°74 grams of alizarin yellow GG, when an intense 
brown solution was formed, from which a brown precipitate separated 
immediately. The trituration was continued for three hours, no 
ammonia being evolved; the precipitate was then washed suc- 
cessively with water, alcohol, and ether and dried over calcium 
chloride; the yield was quantitative : Found : Co = 10°3; NH, = 
14°3. (C\,H,O;N3),{[Co(NH,);H,O], requires Co = 10°0; NH, = 14°4 
per cent. This bisaquopentammine salt was readily soluble in 
cold 5N-sodium hydroxide to an intense orange-yellow solution, 
but was only sparingly so in 5N-ammonia. Methyl sulphate or 
concentrated sulphuric acid developed intense yellow colorations 
resembling those obtained from the dye and differing from the red 
colour produced with the chelated lake. 

On boiling with water, 1 gram of the aquopentammine salt lost 
half its ammonia quantitatively within fifteen minutes, passing into 
the foregoing chelated lake, the latter compound then undergoing 
a very slow decomposition amounting to the elimination of less 
than one molecular proportion of ammonia in an hour, The 
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experiment suggested that the chelated lake, although appreciably 
unstable in boiling water, would exist unchanged at this temperature 
in the presence of ammonia. This anticipation was verified by 
boiling for two hours 1°5 grams of the aquopentammine (roseo- 
alt) with 100 c.c. of 5N-ammonia, the ammoniacal content of the 
lution being maintained by the occasional addition of drops of 
i8V-ammonia. The reddish-brown aquopentammine assumed a 
yellowish-buff colour, the product (98 per cent. yield), which was 
insoluble in cold 5N-sodium hydroxide, developed intense red 
colorations with methyl sulphate or concentrated sulphuric acid, 
being thus identified as pentamminocobaltic m-nitrobenzeneazo- 
salicylate (IT) (Found: Co = 112; NH, = 8:0 per cent.). 


Bishexamminocobaltic m-Nitrobenzeneazosalicylate, 
O—"\" <,, 
(NO,CHNeCH< Oo, ), <[Co(NH)¢h- 


Alizarin Yellow GG was triturated for three hours with a solution 
of hexamminocobaltic hydroxide (luteo-base); the product was 
extracted with cold pyridine to remove unchanged dye, washed with 
ether, and dried at the ordinary temperature over sulphuric acid : 
Found: Co = 9°3; NH, (evolved in boiling water) = 7°8; total 
NH, = 15°7. (C,3H,O;Ns)s[Co(NH3)¢lo,5H,O requires Co = 9°3; 
(NH, = 8:1; 12NH, = 16:1 per cent. The product after boiling 
with water was a buff yellow lake developing orange-yellow color- 
ations with methyl sulphate or strong sulphuric acid ; a chelated lake, 
it differed from the others under examination in_ belonging, 
not to the purpureo-, but to the luteo-series, 


[(C,,H,zO;N,),Co ][Co(N Hg) ¢]. 


Pentamminodicobaltic p-Nitrobenzeneazosalicylale (Formula IT). 

A warm solution of 8°61 grams of p-nitrobenzeneazosalicylic 
acid (synonyms Alizarin Yellow R[{M.By.CR], Terracotta [GI], 
Chrome Orange [P]) in 12 e.c. of 15N-ammonia and 60 c.c. of 
water was added to 45 c.c. of cobaltammine reagent (Co = 1°18 
grams) and 20 e.c. of water. The mixture, containing a thin, 
reddish-chocolate paste, was warmed at 70° and then cooled. 
The insoluble lake (yield quantitative) was washed successively 
with dilute ammonia, water, alcohol, and ether and dried 
over soda-lime [Found: Co= 109; NH,=82; N= 175. 
(C,,H,0,;N,),Co,(NHg); requires Co = 11°2; NH; = 80; N = 185 
per cent.]. The lake, which slowly evolved ammonia on keeping, 
was insoluble in pyridine and other organic solvents, except methyl 
sulphate, with which it developed an intense red coloration similar 
to that obtained with strong acids. With hot 5N-sodium hydroxide, 
it evolved ammonia and dissolved to a red solution. 
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3: 3’-Dipentammino-3 : 4 : 3’-tricobaltic Benzene-1-az0-4-oxybenzen. 
3 : 3’-dicarboxylate (Formula ITI). 


The deep red solution containing one-hundredth of a gram. 
molecule of m-carboxybenzeneazosalicylic acid (Diamond Yelloy 
G [By]), dissolved by boiling with 12 c.c. of 15N-ammonia anj 
30 c.c. of water, was added to 60 c.c. of cobaltammine reagent 
(Co = 1-77 grams) and the mixture warmed at 70°. A buff pre. 
cipitate separated which on analysis proved to be a mixture of the 
lake and ammonium salt of the azo-compound. Accordingly, the 
product was treated twice in succession with molecular proportions 
of cobaltammine reagent. The final residue, a khaki-brown powder 
(yield 30 per cent.) gave the following data: Co = 14:8; NH, = 
14-4; N=18-2. [(C,,H;0;N,),Co]:[(Co(NH,),], requires Co = 148; 
NH, = 14-2; N= 18-7 per cent. This tricobaltic lake, which 
slowly evolved ammonia on keeping, was slightly soluble in water 
or cold dilute aqueous alkalis to yellow solutions; with hot 5N. 
sodium hydroxide it evolved ammonia and dissolved with an 
orange colour. Insoluble in concentrated aqueous ammonia, 
pyridine, and organic media excepting methyl sulphate, it dis. 
solved in the last solvent to an intense red solution similar to 
that obtained with concentrated acids. 


2 : 3’-Dipentammino-2’ : 3: 4-tricoballic Benzeneazo-4-oxrybenzeie- 
2’ : 3-dicarboxylate (Formula ITT). 


The warm reddish-orange solution of one-hundredth of a gram- 
molecule of o-carboxybenzeneazosalicylic acid (Diamond Yellow 
R [By]) in 6 e.c. of 15N-ammonia and 20 c.c. of boiling water 
was added to 100 c.c. of cobaltammine reagent (Co = 1-77 grams). 
A slight buff precipitate appeared, but redissolved on warming at 
70° and no further separation was effected on cooling until 5 volumes 
of alcohol were added, when a reddish-brown lake was precipitated, 
which was washed successively with dilute alcohol, alcohol, and 
ether (yield 70 per cent.): Found: Co = 14-6; NH, = 141; 
N= 18-4. [(C,,H,O;N,),Co}-[Co(NHg);]. requires Co=14-8 ; NH, = 
14:2; N = 18-7 percent. The colour reactions are similar to those 
of the preceding lake. 


3’: 6: 8-Tripentammino-3’ : 4’ : 6 : 8-tetracoballic 6 : 8-Disul phonaph- 
thalene-2-azo-4’-oxrybenzenc-3'-carboxylate (Formula IV). 


The warm intensely red solution of 7-11 grams (one two-hundredth 
of a molecule) of the acid sodium salt of 6 : 8-disulphonaphthalene- 
B-azosalicylic acid (Crumpsall Yellow [Lev.]) obtained by dis- 
solving the dye in boiling water (10 c.c.) and 12 c.c. of 5N-ammonia, 
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yas added to 56 c.c. of cobaltammine reagent (Co = 1-77 grams 
or 50 per cent. excess). A viscid, dark brown precipitate appeared 
and redissolved on warming at 70°. On cooling the intensely 
srall-F ed solution to 0°, a microcrystalline precipitate separated (yield 
54 per cent.) and was washed successively with dilute ammonia, 
agent water, alcohol, and ether and dried over calcium chloride and 
| soda-lime : Found: Co = 13-5; NH, = 144; N= 15-7; S= 9-1. 
Pr®-H ((CjpHgOgN8»)3Co]}:[Co(NH,)5], requires Co = 12-9; NH, = 13-9; 
N=16-0; S= 10-5 per cent. This crystalline lake, which dis- 
solved in water or dilute caustic alkalis to a brownish-yellow or 
reddish-orange solution, respectively, evolved ammonia with hot 
aqueous alkali; it was soluble in dilute acids to a reddish-purple 
_[solution, concentrated acids and methyl sulphate giving a carmine- 
‘Bred coloration and becoming purple and orange on dilution. In- 


= soluble in pyridine, it dissolved sparingly in concentrated ammonia. 


ON. 


Dichromic m-Nitrobenzeneazosalicylate (Formula V1). 
m-Nitrobenzeneazosalicylic acid (8-6 grams), dissolved to a deep 
dis. 74 solution by boiling in 30 c.c. of N-sodium hydroxide and 50 c.c. 
of water, was added to 65 c.c. of 0-46N-chrome alum (= 0-52 gram 
(r), when a lemon-yellow precipitate appeared, assuming a buff 
colour on boiling. This product, extracted with benzene in a 
Soxhlet apparatus, yielded 1-5 grams of dye insoluble in this solvent 
(Found: Cr = 10-6; N= 12-7. (C,3H,O;N3)sCr, requires Cr = 
10:8; N = 13-1 per cent.]. 


a This dichromic lake was insoluble in organic media, in water, and 
WF in cold dilute acids and alkalis. It dissolved to a yellow solution in 
ter — . : - , a 

hot 5N-sodium or ammonium hydroxide, in pyridine to a yellow 
8), . . . , ‘ 
a solution, in methyl sulphate to a red solution, and in concentrated 
= nitric or sulphuric acid to an orange solution. It was insoluble in, 
: ry but changed to brick-red by, concentrated hydrochloric or syrupy 
nd phosphoric acid. 


‘I; | 3-Pentammino-2 : 3-dicobaltic m-Nitrobenzene-1-az0-2-oxy-3-naphth- 
oate (Formula V). 

m-Nitrobenzene-1-azo-2-hydroxy-3-naphthoic acid was prepared 
by coupling m-nitrobenzenediazonium chloride (69 grams 
3. | NO.C,HyNH,) with 2: 3-hydroxynaphthoic acid (9-9 grams) in 
80 c.c. of 5N-sodium hydroxide and 200 c.c. of N/2-sodium acetate ; 

the solution, containing a deep red deposit, was warmed at 80° 

th F and acidified; the vermilion precipitate, when crystallised from 
© § pyridine, in which it was moderately soluble, separated in coppery- 
red needles melting at 271—273° (Found: N= 13-0. C,,H,,0;N; 
requires N = 12-5 per cent.). This azo-pigment was insoluble in 
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water or concentrated hydrochloric acid and dissolved only spar 
ingly in aqueous ammonia or caustic alkalis. Methyl sulphate anj 
concentrated sulphuric acid developed intense carmine-red color 
ations. 

When 7-4 grams of the azo-hydroxynaphthoic acid were su 
pended in 60 c.c. of hot 5N-ammonia and treated with 48 c.c. ¢ 
cobaltammine reagent, a brownish-red product separated which!’ ™ 
assumed a chocolate colour on heating the mixture to 60°. Aftermlace 
cooling over-night, the supernatant liquid and a small amount 0 invest 
oxidised scum were decanted; the residue was washed successively condi 
with dilute ammonia, water, and alcohol, 8-4 grams of the horizc 
brown lake being obtained [Found: Co= 103; NH, = 64, media 
(C,,H,O;N,),Co(NH,), requires Co = 9-8; NH, = 7-0 per cent] It! 
It was insoluble in water, aqueous alkalis, and dilute acids; it 1921, 
dissolved in pyridine to an intense brown solution and developedgo™@P 


(CC. 


deep red colorations with methyl sulphate and concentrated nitric divid 
acid or sulphuric acid. of the 
the ac 


Pentammino-1 : 2-dicobaltic 2-Oxybenzoaie (Pentamminodicobaltic the n 
Trisalicylate) (Formula VII). Th 


Reference has already been made (this vol., p. 1961) to the - 
formation of the cobaltammine lake of salicylic acid as a by-product " ‘ 
in the preparation of salicylatocobaltammine salts, the maximum he 
yield being about 12 per. cent. It was thus obtained as a sage wi 
green powder insoluble in water, dilute acids or alkalis, and the n s 
ordinary organic solvents including pyridine [Found: Co = 17/7; ag 
NH, = 12-7. (C;H,0,),Co,(NH;);(H,O), requires Co = 177; oth 
NH, = 12:8 per cent.]. This lake, which was also obtained from ‘ 
disodium salicylate and a boiling solution of hexamminocobaltic _e 
chloride, evolved ammonia on warming with 5N-sodium hydroxide; 
it developed brown colorations with methyl sulphate and con- 
centrated sulphuric or nitric acid. Hot concentrated hydrochloric 
acid decomposed it with evolution of chlorine into salicylic acid. 
and a green solution of cobaltous chloride. 


of tk 
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wal (CCXLV.—Boundary Lubrication and Chemical Con- 
colon stitution. The Optically Active Carbinols of the 
Formula C,H;*CH(OH):C,H,,,,;. 


By Ipa DovuBLepDay. 


© sus. 


C.C. 0 
which’ measurements of lubricating power, a slider having a spherical 


Afterilace is applied to a plane surface, lubricated with the substance under 
investigation, in an atmosphere of perfectly clean, dry air. The 
wnditions operating are those of “‘ boundary lubrication,’ and the 
horizontal force which just fails to cause motion of the slider im- 
nediately it is applied is taken as a measure of the static friction. 
It has already been shown (Hardy and Doubleday, Proc. Roy. Soc., 
is; it@l921, [A], 100, 550) that for certain homologous series of carbon 
sloped ompoungs, the coefficient of static friction (» = pull in grams 
nitricgdivided by weight of slider) is a linear function of the molecular weight 
ofthe lubricant. With the exception of the lowest two members of 
the acid series, formic and acetic acids, this relation holds strictly for 
altic the normal paraffins and their related primary alcohols and acids. 
Through the kindness of Dr. Pickard, the author has now had the 
oe opportunity of examining a long homologous series, comprising 
oduct i’ Optically active forms of fourteen normal secondary alcohols of 
mung’ formula C;H;-CH(OH)C,H.,,,; (where x varies from 1 to 15) 
sage wepared by himself and Dr. Kenyon (T., 1913, 105, 1923). These 
1 thegMbinols are of extreme purity. In the homogeneous state, 
17-7. ébnormality as regards molecular rotatory power was found when 
Ten ie 5 (or 6), 10 (or 11), or 15 (loc. cit.); that is, at those members 
from of the series where the growing chain may be expected, from stereo- 
naltic chemical considerations, all but to return on itself. The viscosities 
side: of the members of two similar series, CH,-CH(OH)-C,,H,,,,; and 
con. ff CHs)eCH-CH(OH)-C,H2n+1, and the esters of these, were deter- 
are mined by Dunstan and Thole (T., 1913, 103, 127; 1914, 105, 782), 
ail but no similar abnormalities were observed, and the curves connect- 
ing the logarithms of viscosity with molecular weights in each series 
were found to be linear. 

It was suggested by Dr. Pickard that lubricating power might 
be a more highly constitutive property than viscosity, and that 
measurements of » might give some indication of the spiral form of 
the growing carbon chain; the present investigation was therefore 
undertaken with the object of testing this suggestion. 


unt o 
sively 
f the 
= 6-9, 
ent. 


EXPERIMENTAL. 


_ The apparatus and experimental method have been fully described 
mn earlier papers (Hardy, Phil. Mag., 1919, [vi], 3°, 32; Hardy and 
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Doubleday, Proc. Roy. Soc., 1921, [AJ], 100, 550; 1922, [4) 
101, 487). 

Measurements were made on glass and steel and with the lubricants 
both in the flooded state and as a primary film formed by spreading. 
The solid carbinols (ethyl-n-octylcarbinol and all higher member) 
were deposited as invisible films from pure, dry ether, and were als 
used in the liquid state, the temperature in the experimental chamber 
being regulated to about 1° above the melting point of the solid; 
previous investigation having shown that, at any rate from 15° to 
110°, » is independent of the temperature so long as the lubricant 
is completely fluid or is applied as an invisible film. The possibility 
of partial racemisation with increase of temperature could be dis. 
regarded, as these optically active carbinols are known to be 


extremely stable. 

The values of the coefficient of friction, », are given below for 
flooding and primary films on glass and steel (Table 1). Tt will be 
seen that within the limits of experimental error the corresponding 
flooded and film values are identical in each case. 


TABLE I. 
Lubricants on Glass. Lubricants on Steel. 


Primary Primary 
Lubricant. - film. Flooded. film. 
d-Methylethylcarbinol , 0-6246 0-4453 0-4416 
Diethylcarbinol : 0-5192 0-3501 0-3552 
d-Ethyl-n-propylearbinol ... 0- 0-4623 0-2962 0-2973 
d-Ethyl-n-butylcarbinol . 0-4454 0-2680 0-2643 
d-Ethyl-n-amylearbinol . 0-4098 0-2378 \0-2378 
d-Ethyl-n-hexylearbinol , 0-3812 0-2152 0-2206 
dl-Ethyl-n-hexylcarbinol , 0-3087 0-1563 0-1507 
d-Ethyl-n-heptylearbinol ... 0-3: 0-3495 0-1834 0-1804 
d-Ethyl-n-octylcarbinol 0-3304 0-1605 0-1577 
l-Ethyl-n-nonylcarbinol “< 0-2986 0-1298 0-1309 
l-Ethyl-n-decylearbinol : 0-2701 0-1072 (0-1054 
l-Ethyl-n-undecylearbinol ... 02425 0-2377 0-0701 0-0684 
l-Ethyl-n-dodecylearbinol ... 0-3814  0-3829 0-2024 0-2001 
1-Ethyl-n-tridecylearbinol 0-1904 = 0-1868 0-0226 0-0218 
l-Ethyl-n-pentadecylearbinol 0-1351 00-1364 unmeasur- unmeasur- 
able; slider able; slider 
moves with moves with 
weight of weight of 
scale pan. _ scale pan. 


If these values of » are plotted against molecular weights, the curves 
shown in Fig. 1 are obtained, the upper curve being for glass, the 


lower for steel. 


Discussion of Results. 


It will be seen that, except in the case of the methyl, ethyl, and 
dodecyl carbinols, the values of », when plotted against molecular 
weight, lie on a straight line, and moreover, the curves for glass and 
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steel are parallel. The slope of the curves is slightly greater than 
that of the normal primary alcohol series, given in a previous paper 
(loc. cit.). Therefore, if the first two and the twelfth members of 
the series be neglected, the curves satisfy the equation 


p=b—aM 


where M is molecular weight of the lubricant; a is a parameter 
independent of the nature of the solid face and dependent only on 
chemical type, varying from one chemical series to another; and 
b is dependent on the nature of the solid face, as well as on the 
chemical series. This is the relation previously shown to obtain 
for normal paraffins, alcohols, and acids (see earlier papers). 
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Any abnormalities due to the spiral arrangement of the carbon 
chain should be shown when either the branch chain or the whole. 
chain of the carbinol molecule contains a multiple of five carbon 
atoms. That is, departure from linearity might be expected at the 
amyl, decyl, and pentadecyl carbinols (5, 10, and 15 carbon atoms 
in the branch chain); or at the ethyl, heptyl, and dodecyl carbinols 
(5, 10, and 15 carbon atoms in the whole chain). Actually abnorm- 
ality is found in two cases where the number of carbon atoms in 
the whole chain equals a multiple of five, that is, at the ethyl and 
dodecyl members. A glance at the curves, however, will show 
that some explanation other than the disposition of carbon atoms 
in the chain will have to be found to account for the abnormality, 
for no trace of irregularity is shown by the heptyl member, and 
further, it is highly improbable that the effect for a chain of fifteen 

VOL. OXXI. 5E 


2878 BOUNDARY LUBRICATION AND CHEMICAL CONSTITUTION. 


carbon atoms would be greater than for one of five, yet the actual 
abnormality shown by the dodecyl carbinol is very much greater 
than that of the diethyl compound. It is evident, therefore, that 
the spiral arrangement of the carbon chain, if it exists, exerts no 
influence on the lubricating power. This is in agreement with the 
view, advanced by Hardy, that in the primary films with which 
we are dealing in lubrication measurements, “ the atomic pattern 
of the molecules suffers rearrangement, somewhat like that which 
occurs in crystal formation. The primary film in a sense may be 
said to be crystallised ” (Proc. Roy. Soc., 1921, [A], 100, 570). 

In the case of the dodecyl carbinol, the abnormally high value 
of » is hard to explain, unless we assume that the sample was 
contaminated by some impurity. It is known that a minute 
percentage of impurity may affect the lubricating power enormously; 
thus, the merest trace of moisture will raise the value of pu for 
the primary alcohols nearly to the “ clean” value (= 0°94 for the 
glass used). The compounds employed in the present investigation 
were, as has already been stated, of an extremely high degree of 
purity, strong confirmation for this being found in the general 
linearity of the curves. It is possible, nevertheless, that a trace 
of moisture or other foreign substance had found its way into the 
specimen of dodecyl carbinol, and that the exaltation of friction 
was due to this. There seems to be no other possible explanation. 
It may be noted that this carbinol has also been found to be slightly 
abnormal as regards density. 

The departure from linearity shown by the methyl and ethyl 
carbinols is not unexpected, since with almost every physical 
property, the results for the first one or two members of an homo- 
logous series tend to anomaly. This is often ascribed, in the case 
of hydroxyl compounds, to the high degree of association possessed 
by the initial members. In the case here considered, however, 
the abnormality is in the wrong direction. Association, by in- 
creasing the molecular weight, would tend to lower the value of », 
whereas actually the values obtained for the two compounds are 
higher than would be expected. An associated molecule would 
have less residual affinity than a single molecule, therefore it is 
possible that if association does occur, the diminished friction due 
to increased molecular weight is more than balanced by the increase 
due to diminished residual affinity. 

There remains one more point of interest to be noted. Of the 
active compounds examined, some were dextro- and some levo- 
rotatory, and from the results obtained it is evident that the 
lubricating power is independent of the sign of rotation. It was 
found, however, that the dl-modification of ethylhexylcarbindl 
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gave a value for » considerably lower than that of the correspond- 
ing d-carbinol (see Table I). Several measurements were made, 
but the same low value was always obtained. At present, no other 
dl-compound has been examined, but if this result was not due to 
impurity and can be confirmed in other cases, it is of considerable 
theoretical importance as indicating that the molecular conditions 
of the inactive and active liquids are different. 

The question of the existence of liquid racemates is one over 
which there has been a great deal of controversy, and the evidence 
obtained has been conflicting. Various physical properties of 
liquids have been utilised in an attack on the problem, such as 
the molecular volume, viscosity values (Thole, T., 1913, 103, 19), 
absorption power (Steward, T., 1907, 91, 1537), refractive index 
(Pope and Peachey, T., 1899, 75, 1111), and molecular weight as 
determined by Ramsay and Shields’s surface tension method (Mitchell 
and Smith, T., 1913, 103, 489). In spite of the huge accumulation 
of data, none of the methods employed can be said to have definitely 
established the existence of liquid racemates, and in the case of 
the normal secondary alcohols the methods hitherto used have 
given negative results only. The application of lubrication measure- 
ments should be eminently suitable for investigating this problem, 
since the lubricating power of a liquid is very essentially a mole- 
cular function. It is, of course, impossible to theorise on the single 
example given above, but it is hoped to continue the investigation 
by examining several dl-liquids and their corresponding dextro- 
and lzevo-rotatory forms. 


In conclusion, the author wishes to express her best thanks to 
Dr. Pickard for suggesting the research and for the loan of material. 


PHYSIOLOGICAL LABORATORY, 
UNIVERSITY OF CAMBRIDGE. [Received, November Sth, 1922.] 


CCCXLVI.—Vat Dyes of the Azo-series. 


By Duirenpra NatH MUKEBJI. 


Tus work was undertaken with the object of discovering a method 
by which insoluble azo-dyes could be fixed on textile fibres. 

The investigation of Green and Bearder (T., 1911, 99, 1960) on 
nitrohydrazo-compounds suggested the idea that suitable nitroazo- 
compounds might be applied as vat dyes. It was found that 
pp’-dinitrohydrazobenzene was absorbed by wool from dilute 


alkaline solution and on exposing the fibres to air the corresponding 
5E2 
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dinitroazobenzene was regenerated within the fibres, but the dye. 
ings were not so fast to washing and alkalis as expected. The 
preparation of similar compounds of deeper colour was _ then 
attempted, and three azo-dyes were prepared. Of these, p-nitro- 
benzeneazo-4-nitro-«-naphthol and p-nitrobenzeneazo-o-nitrophenol 
could be reduced to the corresponding hydrazo-compounds with 
alcoholic ammonium sulphide. The reduction of the third com. 
pound, 4-nitronaphthaleneazo-4-nitro-«-naphthol, could not be 
tried-on account of its small yield. The hydrazo-compounds thus 
obtained were not very soluble in dilute aqueous alkali. However, 
it was found possible to use them as vat dyes and to regenerate 
the azo-compounds by exposing the fibres to air. But the method 
does not seem to be very promising, as the dyeings have not the 
desired fastness. Moreover, the hydrazo-compounds are not 
readily soluble in very dilute aqueous alkali, which alone is suit- 
able for a wool-dyeing bath. Cotton, which will withstand more 
concentrated alkali, does not readily absorb the hydrazo-compounds, 


EXPERIMENTAL. 


pp’-Dinitrohydrazobenzene.—This compound was prepared accord- 
ing to Green and Bearder (loc. cit.). 

Wool Dyeing.—0°05 Gram of the substance was dissolved by 
boiling with 15 c.c. of water containing 0°06 gram of potassium 
hydroxide (six times the theoretical amount). One gram of wool 
was then introduced into the vat, which was kept at the laboratory 
temperature. The wool was taken out after an hour, well wrung, 
and exposed to the air for two to three hours. The colour of the 
dyeing changed from deep blue to golden-yellow. 

Cotton Dyeing.—Cotton was dipped in a 6 per cent. aqucous 
potash solution of the dyestuff (5 per cent. by weight of the 
cotton used). The colour changed from light blue to yellow by 
oxidation in air. It was found that very little of the dyestuff 
was taken up by cotton. 

p-Nitrobenzeneazo-4-nitro-«-naphthol._—p-Nitroaniline was diazo- 
tised in the usual way and coupled with 4-nitro-«-naphthol, dissolved 
in a strong solution of sodium carbonate. The colouring matter 
was crystallised from a mixture of nitrobenzene (1 part) and glacial 
acetic acid (4 parts) and obtained in brick-red needles, which 
melted with decomposition at 255°. It is sparingly soluble in 
alcohol, acetone, or acetic acid, but dissolves readily in nitro- 
benzene. It is practically insoluble in alkali, but dissolves in cold 
concentrated sulphuric acid, yielding a violet solution, from which 
it was obtained in a fine state of division by pouring into water 
(Found: N = 16°53. C,,H,)0;N, requires N = 16°56 per cent.). 
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p-Nitrobenzenehydrazo-4-nitro-x-naphthol, 

NO,°C,H,NH:-NH-C,,H;(NO,)-OH. 

—One gram of the finely divided azo-compound was warmed at 
60—70° with 20 c.c. of alcohol and 1 c.c. of ammonia while a slow 
current of hydrogen sulphide was passed into the mixture until 
solution was just complete. Dilution with water precipitated the 
hydrazo-compound as a brown, amorphous mass, which was 
filtered, washed, and purified by extraction with acetic acid. The 
substance melts at 220°. It is readily soluble in alcohol, acetone, 
or acetic acid, but insoluble in ether. It dissolves in alkali with a 
bluish-green colour, which fades on exposure to air, a brick-red 
precipitate, which resembles the original azo-compound, being 
formed. The dyeing of wool was effected as with dinitrohydrazo- 
benzene. The colour changed from violet to rose-red on exposure 
to air (Found: C = 56:11; H = 3°62; N = 16°32. C,,H,.0O;N, 
requires C = 56°47; H = 3°52; N = 16°47 per cent.). 
p-Nitrobenzenehydrazo-o-nitrophenol, 

NO,°C,H, NH:NH:C,H,(NO,)-OH. 
—p-Nitrobenzeneazo-o-nitrophenol (Hewitt and Mitchell, T., 1905, 
87, 229) was prepared in a different manner by diazotising p-nitro- 
aniline and coupling it with o-nitrophenol. It was then reduced 
in the same way as p-nitrobenzeneazo-4-nitro-«-naphthol. The 
crude hydrazo-compound was freed from unchanged material by 
boiling with benzene for a few minutes, and further purified by 
extraction with alcohol. The substance melts with decomposition 
at 260°. It is readily soluble in alcohol or acetic acid, insoluble 
in benzene, and dissolves in alkali with a fine blue colour. The 
alkali solution decolorises on exposure to air, leaving a brown 
precipitate. The dyeing of wool was effected as with the other 
hydrazo-compounds. The colour on exposure to air changed from 
violet to brown (Found: C = 4951; H=379; N= 19°61. 
C,.H,90,N, requires C = 49°65; H = 3:44; N = 19°31 per cent.). 

4-Nitronaphthaleneazo-4-nitro-«-naphthol, 

NO,°C,)H,"No"C,9H;(NO,)-OH. 

—It was not found necessary to separate 4-nitronaphthylamine 
from the 2-nitro-aceto-«-naphthalide formed during its preparation 
(Liebermann, Annalen, 1876, 183, 229). Two grams of the mixture 
were diazotised in the ordinary way and the unchanged 2-nitro- 
aceto-«-naphthalide was removed by filtration. The use of ethyl 
nitrite in diazotisation (loc. cit.) is therefore not necessary. The 
solution of 4-nitronaphthalenediazonium chloride was coupled 
with 1 gram of 4-nitro-«-naphthol, dissolved in a solution of sodium 
carbonate. The dyestuff crystallises from a mixture of nitrobenzene 
(4 parts) and acetic acid (1 part) in brownish-red needles which 
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melt with decomposition at 240°. The substance is almost insoluble 
in alcohol, acetone, or acetic acid, but dissolves readily in nitro. 
benzene (Found: N = 14°34. C,9H,.0;N, requires N = 14°43 per 
cent.). 


In conclusion, the author expresses his sincere thanks to Pro- 
fessor E. R. Watson for his kind encouragement and valuable 
suggestions. 


Dacca Corttece LABORATORY, 
Dacca, Bencat, InpTA. [Received, October 24th, 1921.] 


CCCXLVII.—Researches on Residual Affinity and Co- 
ordination. Part XIV. Interactions of Metallic 
Salts and Dimethyldithiolethylene. 


By Girpert T. Morean and Wiirrip Lepsury. 


Tae selective character of chemical affinity is manifested in the 
combination of the metals with oxygen and sulphur, respectively. 
The metallic elements may in this respect be divided roughly into 
two main series; one series, exhibiting a marked tendency to 
combine with oxygen, occurs in oxygenated minerals, whereas 
the other series shows a similar propensity for association with 
sulphur, the latter group being found in the natural sulphides. 
The line of demarcation is, however, not sharp, as several metals 
occur both in oxygenated minerals and in sulphides. 

The researches described in this communication deal with a 
representative set of the metals combining preferentially with 
sulphur. On the current electronic theories of chemical combin- 
ation, sulphides arise as a result of the sharing of electrons between 
the radicles of electropositive metals and electronegative sulphur, 
the latter element being uniformly bivalent in these combinations. 
There is, however, abundant experimental evidence for the belief 
that this interchange of electrons does not exhaust the possibilities 
of chemical combination. The metallic radicles and the bivalent 
sulphur atom each exhibit residual affinity; the former in their 
hydrated and ammoniated salts, the latter in such co-ordinated 
compounds as (CH;),8,ZnBr, and 2(CH;),8,PtC1,. 

Our results show that there is at least a qualitative relationship 
between the tendency for a metallic radicle to combine with sulphur 
by principal or electronic valency and its propensity to become 
associated with alkyl sulphides, the particular organic sulphide 
employed being dimethyldithiolethylene, CH,-S-C,H,°S-CHg, a sub- 
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stance which functions co-ordinatively as a chelate group containing 
two associating units. The metals are considered in periodic order. 


Group I.—The Currency Metals. 


Cupric chloride and bromide combine in molecular proportions 
with dimethyldithiolethylene even in aqueous solution. The 
resulting dimethyldithiolethylene cupric haloids (I) show, however, 
a marked tendency to change into cuprous compounds (II), the 
instability being especially noticeable in the case of the 
dibromide. 


i 
H,— CH —sS. 
—>> 2 (II.) 
. a >oux, CH,— RI > >CuX 
OH, 


The diminution in a eas of copper is accompanied by an 
alteration of colour as the dark green cupric compound changes 
to the white cuprous derivative. This reduction offers a close 
analogy to the change occurring in the precipitation of cupric 
salts by hydrogen sulphide, when the product consists partly of 
cuprous sulphide. 

A similar parallelism is observable in the case of gold salts. 
Precipitation with hydrogen sulphide leads to reduction, the pro- 
duct containing only the lower gold sulphides. Auric chloride 
and the dithiol ether furnish yellow dimethyldithiolethylene auric 
chloride (III), stable only in the absence of moisture, which, in 
contact with water or moist solvents, undergoes reduction yielding 
white dimethyldithiolethylene aurous chloride (IV). 


ot qi 
(IIT. CHS tg CIV.) 
la gant ae OH.— 3° AuCl 
CH, CH, 


Owing to their highly associated character, the silver haloids 
could not be brought into combination with the dithiol ether even 
under pressure at 220°. 


troup I1.—Metals of the Zine Family. 


In this group of metals the stability of the sulphide increases 
with the rise of atomic weight; from magnesium sulphide, decom- 
posed by cold water, to mercuric sulphide, which is extremely 
resistant to strong mineral acids. The co-ordination compounds 
of the zinc group with alkyl sulphides show a precisely similar 
change in stability. Combination was observed between magnesium 
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iodide and the dithiolethylene in anhydrous ether, but the product 
dissociates rapidly at the ordinary temperature. 
Dimethyldithiolethylene zinc bromide (V) is more stable, but js 
decomposed by water or alcohol. 
Dimethyldithiolethylene cadmium iodide (V1) can be prepared in 
aqueous solution, although the corresponding bromide and chloride 
are decomposed by water or moist solvents, 
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H, CH, 
— 'H,— —§_ 
si Hs" >ZnBr, _— a ~CdI, (V4) 
2 
CH, H, 


Considerably greater stability is observed with the dimethyldithiol- 
ethylene mercuric haloids (VII), and this stability increases from the 
chloride to the = 


mt sy A 
H,— S.. 
(VII.) ter a: 8 5. Hega(NO,), (VIIL) 
2 i 
H, CH, 


X = Cl, Br, or I. 

It is noteworthy that the interaction of the dithiol ether and mer- 
curous nitrate is attended by the elimination of a considerable 
proportion of the mercury present as in the sulphide precipitation 
of mercurous salts, but on operating in the cold, a white, crystalline 
dimethyldithiolethylene mercurous nitrate (VIII) separates, which 
is, however, very unstable, water or moist solvents causing a separ- 
ation of mercury. This tendency of the mercurous additive com- 
pound to shed a portion of the metal is reminiscent of many analytical 
reactions of mercurous salts. 


troup Ill, 
The rare metals of the gallium group were not tested with the 
dithiol, but Kurowski’s observation (Ber., 1900, 43, 1079) that 
thallous acetylacetone combined with carbon disulphide was 
reviewed in detail when it was found that the reaction with this 
thallous derivative and also with thallous benzoylacetone was not 
one of simple addition. In each case half the @-diketone radicle 
was replaced by a molecular proportion of the bisulphide. The 
orange-coloured products were, however, amorphous and very ill- 
defined, so that it was not possible to derive a rational formula for 
these substances. 
Group IV. 
The stannic haloids combined readily with the dithiol ether 
and in the case of the chloride (IX) considerable heat was gener- 
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ated. This additive compound and the corresponding bromide 
(IX) show a different order of co-ordination from that indicated 
by the iodide (X). 


* Ht 
oo ~—SnI, 
x) fo .—S— —" or Br, ‘ae 8: --SnI, (X.) 


CH, CH, 


It was not found possible to induce a combination of the dithiol 
ether with the more associated lead haloids. 


Group V. 


The most striking result in this group was obtained with bismuth 
iodide, which gave rise to a bright scarlet, crystalline trisdimethyl- 
dithiolethylenedibismuthotri-iodide (XI). The appearance of this 
co-ordination compound recalls a dry test for bismuth in which 
a compound of the metal after heating before the blowpipe with 
sulphur and potassium or cuprous iodide furnishes a scarlet in- 
erustation stated to be- bismuth iodide (Fresenius, “‘ Qualitative 
Chemical Analysis,” 1887, p. 150). The new red co-ordination 
compound is, however, very sensitive to light or moisture and, 
losing a portion of the dithiol ether, passes into dimethyldithiol- 
ethylene bismuth tri-iodide, a black substance of simpler type 
(XII). 

CH, I, (is H, 
CH, Pe Wi Bi<e— —CH, 


(XI.) CH, ani a = Bil, (XII) 
Gis H oe il; 
om eee Bi< HS 
i I by. 2 


Group VIII, 


Of the transition elements, platinum had already been combined 
with dialkyldithiolethylenes by Tschugaeff and Kobljamski (Z. 
anorg. Chem., 1913, 83, 14), products of the following types 


[C,H,(SR),,PtCl,], [{C,H,(SR),}Pt]Cl, and [{C,H,(SR),}2Pt]PtCl, 


being obtained with each dithiol ether. 
With potassium palladochloride, the dithiol ether furnished 
quantitatively only one product, the well-defined, crystalline 


dimethyldithiolethylene palladous chloride (XIII), from waite the 
5 E* 
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corresponding bromide, iodide, and nitrate are obtainable by double 
decomposition. The hydroxide, produced in aqueous solution by 
the action of silver oxide, is distinctly alkaline, so that it is prob. 
able that the chloride exists at least partly in an ionised con. 
dition owing to the tendency for palladium to have a co-ordination 
number less than four. 


- w "OH, > 
H,—8,. : 
(XIIL.) 8 > PdCl, —> H,—s-"Pd (Cl, (Xa) 
| 
CH, = CH; J 
Summary. 


1. In certain instances the metallic radicles precipitated as 
sulphides in analytical practice give rise to well-defined co-ordin- 
ation compounds with dimethyldithiolethylene. 

2. Whenever the analytical procedure tends to produce an 
alteration in the valency of the metallic radicle a similar tendency 
is observable with the dithiol derivatives; diminution in valency 
is noticed with copper and gold, whereas an exaltation of valency 
accompanied by partial elimination of metal is indicated in the case 
of mercurous salts. 

3. Of the metals examined, those forming the most refractory 
sulphides furnish the most stable dithiol co-ordination compounds. 

4. It may be concluded from these experimental results that the 
same selective affinity is at work between sulphur and the metallic 
radicles whether it is effective as principal valency in producing 
sulphides or whether it operates as residual affinity in the formation 
of co-ordination compounds. 


EXPERIMENTAL. 

Preparation of Dimethyl Dithiolethylene, CH,*S*CH,*CH,’S-CH. 

Methyl mercaptan, the starting point in this research, was pre- 
pared conveniently by Arndt’s method (Ber., 1921, 54, [B], 2236), 
in which thiourea is converted into methylthiourea sulphate, the 
latter substance being hydrolysed by 5N-sodium hydroxide into 
dicyanodiamide and methyl mercaptan (b. p. 5°). The volatile 
product was collected in a bulb tube, cooled with solid carbon dioxide 
and ether, and converted into its sodium salt by pouring into 
saturated alcoholic soda. To the alcoholic solution of sodium 
mercaptide in a reflux apparatus was added the calculated amount 
of ethylene dibromide. Considerable heat was generated, sodium 
bromide separated, and the double decomposition was completed 
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on the water-bath. The alcoholic mixture was poured into water, 
the heavy oil subsided, and a further amount was obtained by 
extracting the aqueous solution with ether. The crude dithiol 
was dried over anhydrous sodium sulphate and distilled, the fraction 
boiling at 181-5—183-5° being taken (yield 85 per cent., compare 
Ber., 1871, 4, 716). 


Bisdimethyldithiolethylcne Cuprous Bromide, 
(CH,°S-C,H,°S-CH,),Cu,Br,. 

On adding the dithioether (1-8 grams) to 3-2 grams of hydrated 
copper sulphate in 30 c.c. of water, the solution assumed a vivid 
emerald-green colour, but the oily thio-compound remained undis- 
solved. The addition of 5 grams of potassium bromide in saturated 
aqueous solution caused a further colour change to dark olive-green 
and on continued agitation a brownish-white, crystalline substance 
slowly separated, the colour of the solution faded to light green, 
and the odour of the thioethet almost disappeared. The product, 
after washing with alcohol, chloroform, and ether, was dried over 
sulphuric acid; it melted with decomposition to a clear liquid 
at 161—162° (Found: Cu = 23-94; Br = 30-25; 8S = 23-94. 
CsHy»Br,S,Cu, requires Cu = 23-95; Br = 30-12; S = 24-10 per 
cent.). 

Bisdimethyldithiolethylene cuprous bromide separated in six-sided 
plates insoluble in water and the volatile organic media with the 
exception of pyridine, which dissolved the compound to a bright 
yellow solution, becoming olive-green on warming. 


Bisdimethyldithiolethylene Cupric Chloride (Formula 1). 

To a solution of 1 gram of cupric chloride in 10 c.c. of water 
was added 1 gram of the organic disulphide in alcoholic solution 
together with 4 c.c. of concentrated hydrochloric acid. The 
addition of a large excess of alcohol caused the cupric chloride 
additive compound to separate from the olive-green solution in 
very dark green, almost black, clusters of well-defined, glistening 
needles, which, after washing successively with absolute alcohol 
and dry ether, retained a faint odour of the organic sulphide (yield 
0-4 gram). On long exposure, the compound assumed a grey tint 
owing to reduction from the cupric to the cuprous condition. It 
was appreciably soluble in absolute alcohol and separated from 
this solvent in dark green, acicular crystals, melting and decom- 
posing at 130-—130-5°. The compound was only sparingly soluble 
in the common anhydrous organic solvents (Found: Cu = 24-83; 
Cl = 27-59; S = 25:14. C,H49Cl,8,Cu requires Cu = 24-79; Cl = 
27-68; S = 24-95 per cent.). 

5 u* 2 


2888 MORGAN AND LEDBURY: RESEARCHES ON 


Dimethyldithiolethylene Bisaurous Chloride (Formula III). 


The thioether was added to a solution of auric chloride in water 
or in moist ether or alcohol so long as a yellow precipitate was 
produced. The mixture was then agitated until the colour of this 
precipitate changed to white, a brown, viscid material being formed 
as a by-product. The white product consisted of microscopic, 
rod-like crystals, which were dried over concentrated sulphuric 
acid (Found: Au = 66-85; Cl = 12-16. C,H, Cl,S,Au, requires 
Au = 67-14; Cl = 12-09 per cent.). 

This white co-ordination compound was only very sparingly 
soluble in alcohol and almost insoluble in other volatile organic 
media; it blackened without melting at 178—179°. 

Dimethyldithiolethylene auric chloride (formula IV) was ob- 
tained in agglomerates of small, orange-yellow, acicular crystals 
when the thioether was added to a solution of auric chloride in 
dehydrated ether. This yellow auric derivative was rapidly con- 
verted into the preceding aurous compound by the addition of 
water, but providing that all moisture was excluded it remained 
sufficiently permanent for analysis (Found: Au = 46-46; Cl= 
24:90. C,H,9Cl,S,Au requires Au = 46-33; Cl = 25-02 per cent.). 

The dithiol auric chloride decomposed indefinitely at 70—75° 
and was decomposed by moist solvents. 


Dimethyldithiolethylene Derivatives of Magnesium, Zinc, Cadmium, 
and Mercury. 

Dimethyldithiolethylene magnesium iodide, which was produced 
by adding the thioether to anhydrous magnesium iodide in dry 
ether, separated in colourless crystals on concentrating the ethereal 
solution, but it decomposed so quickly into its generators even at 
the ordinary temperature that it could not be analysed. 

Dimethyldithiolethylene zine bromide (formula V) was distinctly 
more stable than the preceding magnesium derivative; it was 
similarly prepared from carefully dehydrated materials. Powdered 
zine (2 grams) and bromine (1-5 c.c.) were combined in 120 c.c. of 
dry ether. One gram of thioether was added to the filtered solu- 
tion and after thorough mixing the liquid was evaporated and the 
residual oil left in the desiccator. Aggregates of small, hard, 
octahedral crystals separated and were washed with dry ether 
(Found: Zn = 19-19; Br = 45-92. C,H, )Br,S8,Zn requires Zn = 
18-82; Br = 46-06 per cent.). 

This co-ordination compound softened at 123° and melted to a 
clear liquid at 137°; it was decomposed at once by water and 
even by warm alcohol; it dissolved readily in ether or acetone, 
but its solubility in other organic solvents was very slight. 
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Dimethyldithiolethylene cadmium iodide (formula VI) was suffi- 
ciently stable to be prepared in aqueous solution. Potassium iodide 
(5-47 grams) was added to 25 c.c. of warm water containing 5-08 
grams of cadmium nitrate and 2-01 grams of thioether. The 
mixture was agitated, when a colourless, crystalline mass separated 
which, after cooling, was washed successively with water and 
alcohol. The cadmium compound was very soluble in warm alcohol 
and crystallised from this solvent in white, glistening needles 
melting at 168—169° and assuming a yellow tint on exposure to 
air and light (Found: Cd = 22-70, 23-12; I = 52-20; S = 13-04. 
C,HypI,8,Cd requires Cd = 22-95; I= 5200; S= 13-11 per 
cent.). 

The compound was readily soluble in methyl alcohol, but only 
slightly soluble in benzene or chloroform. The pure dry substance 
had a decided odour of the thioether, which was much more notice- 
able than in the case of the following mercury compounds. The 
corresponding thioether derivatives of cadmium chloride and 
bromide could not be prepared in aqueous solutions. 

Dimethylthiolethylene Mercurous Nitrate (Formula VIII).—An 
immediate precipitation of metallic mercury occurred on treating 
a saturated aqueous solution of mercurous nitrate with a few 
drops of the organic disulphide. Further deposition of metal 
ensued on warming, but on cooling the filtered solution, which 
at this stage possessed a peculiar sweet odour, a hard, white, 
crystalline deposit began gradually to separate. These crystals 
consisted of very small, nacreous prisms matted together in wart- 
like incrustations. After its separation, the mercurous compound 
was not washed with water since this treatment caused the separ- 
ation of mercury [Found: Hg = 62-47; NO, (by reduction to 
NH,) = 19-11. C,H49S.(NO,),Hg, requires Hg = 62-00; NO, = 
19-16 per cent.]. 

This mercurous additive compound, which was only sparingly 
soluble in organic solvents, melted and decomposed violently at 
156-5°. 

Dimethyldithiolethylene mercuric chloride, 

CH,°S-C,H,’S-CH;,HgCl,, 
produced quantitatively on adding the calculated amount of thio- 
ether to a warm concentrated solution of mercuric chloride, separ- 
ated in hard, colourless, prismatic crystals melting at 109° with 
decomposition (Found: Hg = 50-88; Cl=17-91; S = 16-15. 
C,H, ,C1,8,Hg requires Hg = 50-89; Cl= 18-10; S = 15-92 per 
cent.). 

The compound was sparingly soluble in cold water, dissolved 
more readily on warming, but with dissociation; it was slightly 
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soluble in benzene, acetone, or chloroform, and more soluble in 
alcohol. 

Dimethyldithiolethylene mercuric bromide, 

CH,’S-C,H,’S-CH,, HgBr,, 

prepared by mixing warm solutions of potassium bromide and the 
preceding mercuric chloride compound (1 gram in 70 c.c.), separ. 
ated from the filtered solution in colourless, acicular crystals; it 
was sparingly soluble in hot water or alcohol, but less dissociated 
than the preceding compound in these solvents; it melted at 115° 
(Found: Hg = 41-51; Br = 33-08. C,H, )Br,8,Hg requires Hg = 
41-49; Br = 33-16 per cent.). 

Dimethyldithiolethylene mercuric iodide, CH,‘S-C,H,S-CH;,Hgl,, 
obtained by a similar double decomposition from potassium iodide 
and the dithiol mercuric chloride compound, was sparingly soluble 
in hot water, but unlike the preceding mercury compounds it dis. 
solved without dissociation. From warm alcohol, it separated in 
snow-white, matted needles, becoming yellow at 126—127° and 
melting at 134° with decomposition (Found: Hg = 34:32; I= 
44-32. C,H, I,8,Hg requires Hg = 34-71; I = 44-04 per cent.). 


Dimethyldithiolethylene Stannichloride, CH,*S-C,H,°S-CH,,SnCl,. 

On adding stannic chloride to excess of the thioether, the two 
liquids combined so vigorously that cooling was necessary. The 
product, a white, powdery mass, was freed from the organic sulphide 
by washing with cold chloroform; it dissolved in alcohol and 
separated therefrom, on evaporating, in a crystalline form. It 
melted at 209° with decomposition (Found: Sn = 31-05; Cl= 
36-88; S=— 16-71. C,H,)S,,SnCl, requires Sn = 31:08; Cl= 
37-08; S = 16-67 per cent.). 

This stannichloride, which was comparatively stable in the 
atmosphere, was readily decomposed by water; it dissolved in the 
ordinary organic media, but was crystallised only with difficulty 
owing to its extreme solubility. 


Dimethyldithiolethylene Stannibromide, CHy°S°C,H,°S-CH,,SnBr,. 


Powdered tin was heated under reflux with a 12 per cent. solution 
of bromine in carbon tetrachloride until the colour of the bromine 
had disappeared, when to the filtered solution was added slowly 
the calculated quantity of the thioether, dissolved in carbon tetra- 
chloride. A yellowish-white, crystalline precipitate separated 
which was very slightly soluble in chloroform, benzene, or carbon 
disulphide. On heating, it assumed a bright yellow colour and 
then melted with decomposition at 199° to a brown liquid. This 
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product dissolved readily in alcohol, acetone, or ethyl acetate, but 
was not reprecipitated from these solutions by chloroform or carbon 
tetrachloride (Found: Sn = 21-09; Br = 56-80. C,H, )Br,8,Sn 
requires Sn = 21-20; Br = 57-07 per cent.). 

Water decomposed this bromide slowly in the cvid, more rapidly 
on warming. 


Dimethyldithiolethylene Stanni-iodide (Formula X). 


ig Recrystallised stannic iodide, prepared by dissolving granulated 
tin in a warm benzene solution of iodine, was treated in this solvent 
Il, with excess of the thioether, when a brown compound separated 
dide which was very soluble in organic media, At 93°, it assumed a 
uble § Yellow colour, and melted sharply at 100° (Found: Sn = 17-33, 
dis. § 1705; I = 73-99. C,H,I,S,Sn, requires Sn = 17:30; I = 73-84 
1 in § per cent.). 
and 


Trisdimethyldithiolethylene Dibismuthotri-iodide (Formula XT). 


On adding the thioether to a solution of bismuth oxynitrate in 
dilute hydrochloric acid, no precipitate occurred although the 
solution assumed a transient yellow tint, but the introduction of 
potassium iodide solution caused the deposition of a bright scarlet, 
crystalline substance which, when collected and dried as rapidly 
as possible, melted at 85—87° (Found: Bi = 26-93, 27-05; I= 
49-15. C,,Hs9I,S,Bi, requires Bi = 26-95; I = 49-36 per cent.), 

This characteristic red co-ordination compound of bismuth was 
very sensitive to light or moist air, although dried specimens, 
when kept in sealed tubes in the dark, retained the red colour 
for a considerable time. Digestion with cold organic solvents 
led to the removal of two-thirds of the thioether with the formation 
of a black substance, dimethyldithiolethylene bismuth iodide (formula 
XIT) (Found: Bi = 32-56. CH,°S-C,H,S-CH,,2Bil, requires Bi = 
32-25 per cent.). 


Dimethyldithiolethylene Palladous Chloride 
(Formule XII and XIII), 


On agitating potassium palladochloride (2-9 grams) in 60 c.c. 
of water with 1-20 grams of the dithiol, a yellow precipitate ap- 
peared and the mixture was warmed to complete the reaction, 
The yellow product settled out completely (yield 96 per cent.), 
leaving a yellow, supersaturated liquid. The compound crystallised 
from hot water in short, lustrous yellow needles melting and de- 
composing at 234—235° (Found: Pd = 35-70, 35-56; Cl = 23-90. 
C,H, 9C1,8,Pd requires Pd = 35-80; Cl = 23-70 per cent.). 
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The compound was appreciably soluble in hot alcohol, but reduc. 
tion occurred and palladium separated; a slight decomposition 
occurred in aqueous solutions. 

When added to a warm aqueous solution of dimethyldithiol. 
ethylene palladous chloride, silver nitrate produced an immediate 
precipitate of silver chloride, and the filtrate on concentration at 
the ordinary temperature yielded an extremely soluble, yellow, 
crystalline dithiol palladous nitrate, melting at 162° to a red 
liquid. Moist silver oxide became coated with silver chloride 
and the filtrate was distinctly alkaline, containing probably a 
complex soluble hydroxide. Aqueous ammonia decomposed the 
co-ordinated palladous chloride, setting free the dithiol and form. 
ing dichlorodiamminopalladium, (NH,),PdCl,, crystallising in yellow 
needles. Warm dry pyridine also decomposed the palladous 
chloride compound, liberating the dithiol. On cooling the solution, 
a colourless substance separated having approximately the com- 
position (C;H;N),PdCl,; this product lost pyridine when exposed 
in a vacuum desiccator over sulphuric acid and ultimately left a 
residue of dichlorodipyridinopalladium [Found: Pd = 31-75. 
(C;H;N),PdCl, requires Pd = 31-78 per cent.]. 

Dimethyldithiolethylene palladous bromide, 

CH,’S’C,H,°S-CH,, PdBr,, 
obtained on adding aqueous potassium bromide (1 mol.) to a hot 
aqueous solution of the preceding compound, separated as an 
orange-yellow precipitate consisting of small needles; it melted 
and decomposed at 219—220° (Found: Pd = 27-21; S = 16-15; 
Br = 40-92. C,H,)Br,S8,Pd requires Pd = 27-42; S = 16-45; Br= 
41-18 per cent.). 

This palladium bromide additive compound was less soluble 
than the chloride in organic solvents, 

Dimethyldithiolethylene palladous iodide, CH,*S-C,H,°S-CH,,Padl,, 
separated as a dark red, crystalline precipitate on mixing mole- 
cular proportions of potassium iodide and the foregoing chloride 
in aqueous solution (Found : Pd = 22-01; I= 51-41. C,H, 9I,8,Pd 
requires Pd = 21-99; I = 51-61 per cent.). 

The palladous iodide, which consisted of small, acicular crystals 
slightly soluble in boiling water or alcohol, melted with decom- 
position at 204°; reduction to metallic palladium occurred in the 
latter solvent. 


Action of Carbon Disulphide on Thallous @-Diketones. 


Kurowski observed that carbon disulphide, added to an alcoholic 
or benzene solution of thallous acetylacetone, produced an orange- 
yellow, flocculent precipitate (Ber., 1900, 43, 1079). The following 
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experiments showed that the reaction was not one of simple addition. 
To 1 gram of thallous acetylacetone (m. p. 155°), dissolved in 
30 c.c. of absolute alcohol, were added a few c.c. of redistilled 
‘thiol. 4 carbon disulphide, when the liquid slowly became turbid and 
diate | deposited the orange precipitate. After a few hours, when no 
on at § further precipitation was noticeable, the amount of insoluble 
low. J compound was only 0-4 gram and the filtrate still gave the reactions 
. req § of thallium acetylacetone. The reaction was not brought to 
oride § completion even on adding a large excess of carbon disulphide. 
ly a § The product was amorphous and insoluble in the ordinary organic 
| the § media. When digested with hot aqueous alkalis, the compound 
orm. § yielded asmall amount of thalloussulphide. On heating, it blackened 
allow § at 115° and evolved pungent vapours with no trace of carbon 
dous § disulphide. Analyses of various preparations made in alcohol or 
tion, J benzene gave Tl = 69-10, 68-89, 68-80; S = 12-30, 11-99, 12-10 
com. | per cent. These data indicated that approximately half the 
osed | acetylacetone had been replaced by carbon disulphide as in 
ft a | TI,CH(CO-CH;),,CS,, but it was impossible to arrive at a rational 
1-75. | formula. 

Thallous benzoylacetone and carbon disulphide reacted similarly, 
giving an orange, amorphous product, the analyses of which sug- 


gested a similar empirical formula, Tl CH<Go.c a ,CS,, but the 
otts 


"edue. 
Sition 


hot 
an § Substance was quite as ill-defined as that from thallous acetyl- 


lted | acetone (Found: Tl = 62-99, 63-18; S = 11-04, 11-07 per cent.). 
P Thallous acetylacetone was decomposed by «-thionaphthol, 
giving the yellow thallous salt of the latter reagent and free acetyl- 
acetone. Dilute alcoholic solutions containing thiophen and 
ible | thallous acetylacetone in molecular proportions gave a yellow 
product similar to Kurowski’s compound with carbon disulphide, 
dI,, but on allowing these reagents to interact in concentrated solution 
ole. | 2 Small amount of thallous sulphide was precipitated, indicating 
ide | ® decomposition of thiophen. 
Pd With concentrated alcoholic solutions of thiophen and thallous 
; hydroxide, black thallous sulphide was rapidly precipitated and 
‘als | the filtrate after exposure to the air yielded a small proportion of 
m- | White thallous succinate, these results suggesting the following 
the | Peactions : 


‘15; 
r= 


CH:CH _ pis 4. GH:CH-OH 

HICH? oe eee ee CH:CH-OH 
CH,-CHO eTIOH —> ¢HsCO,T! 
lie éu,cHo + 92 + 270H —> ba" co,TI 


re. 
in which the thionated cyclic system is completely broken down. 
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The authors desire to express their thanks to the Advisory 
Council of the Department of Scientific and Industrial Research 
for grants which have helped to defray the expenses of this 
investigation. 

CHEMICAL DEPARTMENT, 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON, [Received, November 7th, 1922.] 


WAR MEMORIAL. 


Unveiling of the War Memorial to Lt.-Col. E. F. Harrison, C.M.G., 
and other Fellows of the Chemical Society on Thursday, November 
16th, 1922, at 3 p.m., Sir James WaLKER, D.Sc., F.R.S., President, 
in the Chair. 


Sir James WALKER: “ We are met to witness the reception in 
trust by the Chemical Society of the Harrison Memorial and to 
take part in a simple ceremony—the dedication of a tablet in 
memory of Lt.-Col. Harrison and of those other Fellows of the 
Society who died in the service of their country during the Great 
War. 

“Sir George Beilby, Chairman of the Harrison Memorial Com- 
mittee, will make a statement of the origin and destination of the 
Memorial Funds, and I now call upon him to do so.” 

Str Georce Beicey : “ Mr. President, My Lord, Ladies and Gentle- 
men,— We are gathered here to-day to take part in the unveiling of 
the memorial to those Fellows of the Chemical Society who made 
the supreme sacrifice during the Great War. Itis my duty to relate 
to you how the memorial came to be erected, and to ask you to 
accept, on behalf of the Chemical Society, custody of this, and 
of an additional memorial, the nature of which I will describe. 
Among all those who knew the late Colonel Harrison, few better 
realised his intense, self-sacrificing energy, and his wonderful 
success in equipping our Troops with protection against poison 
gas than we, his colleagues upon the Chemical Warfare Committee. 
None can realise better than we that he gave his life in the 
service of the Country as truly and as willingly as those who died 
on the field of battle. Shortly after his death we decided to 
endeavour to create some fitting memorial of his life and work. 
To this end we formed a Committee to invite subscriptions from 
those who had known and worked with him, and the sum collected 
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has amounted, with accrued interest, to some £1,640. It was 
decided to use a portion of this money in the erection of a per- 
manent memorial for which we felt no more appropriate home 
could be found than this building which houses the senior Society 
of the science which Harrison pursued. In agreeing to accept the 
custody of the memorial, your Society expressed a desire to combine 
with it a Roll of Honour of the remaining Fellows who lost their 
lives in the War. To this we willingly consented, and it has been 
possible to prepare a joint memorial harmonious in conception 
and in detail. 

** With the balance of the sum collected, it was decided to create 
a fund to provide, every three years, a prize of approximately £150 
to be awarded to the chemist, man or woman, not over thirty 
years of age, who shall have made the most meritorious original 
contributions to chemical science during the previous five years. 
The prize is to be awarded upon the recommendation of a Com- 
mittee composed of the Presidents for the time being of the 
Chemical Society, the Society of Chemical Industry, the Pharma- 
ceutical Society, and the Institute of Chemistry. It is to be given 
for distinguished research in any branch of chemistry, pure or 
applied, and no restriction is to be placed upon the manner in 
which the prize is to be utilised by the recipient. The Fund, the 
interest on which will provide the prize, will be held in trust, and 
administered by the Chemical Society. The subscribers to the 
Harrison Memorial Fund hope that this prize will do something 
to stimulate and encourage the younger chemical investigators, and 
we know that a purpose such as this is one that Colonel Harrison 
had ever foremost in his thoughts, The Prize and Memorial will 
be, we trust, appropriate tributes to his memory, recalling to the 
chemists of the future how gloriously he used their science in the 
cause of right and humanity. 

“‘T ask you, Mr. President, to accept, on behalf of the Chemical 
Society, the custody of the Memorial affixed to the wall behind us, 
and of the Trust, the deeds and funds of which I now place in 
your hands.” 

Sm James Waker: “Sir George Beilby, on behalf of the 
Chemical Society, I gratefully accept the Trust which has been 
so generously offered to us by the Harrison Memorial Committee. 
It is a great satisfaction to the members of the Society to know 
that they have been entrusted with the care of the Memorial and 
with the administration of the Harrison Prize Fund. That part 
of the funds should be devoted to the institution of a prize for 
award to young chemists who have done meritorious research 
commends itself to us all as a most wise allocation. The capable 
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investigator at the outset of his career is sufficiently provided for 
by scholarships and grants, and late in life he generally has received 
(indirectly for the most part) some reward for his work. But there 
is a period in which the substantial encouragement of such a prize 
may well prove a determining factor in his development. The 
regulations for the award seem to have been framed with the 
utmost care and forethought. The Society considers it a high 
honour to have charge of the Memorial and to assist in the ad. 
judication of the Prize. I thank you and your Committee in the 
name of the Chemical Society.” 

The President then called upon The Rigur HonovuraBie Tue 
EArt OF CRAWFORD AND BALoaRREs, K.T., P.C., who said : 

“We are here to commemorate a small group of men connected 
with the branch of science specially represented by this learned 
Society—and in particular the service and sacrifice of Edward 
Harrison. These are occasions of melancholy retrospect, when we re- 
open the closed book; but none the less the record of public service, 
the acknowledgment of heroism, the recognition of exceptional 
skill and distinction do carry some small compensation, and let 
us hope cast a ray of comfort into the house of mourning. 

*“‘ The Memorial presently to be unveiled is a tribute to 30 Fellows 
of the Chemical Society who lost their lives. Each name is there 
engraved, taking its apposite place in the Roll of Honour, and 
forming part of a striking work of art. May I say how much I 
rejoice that the Memorial itself should be a beautiful thing. How 
wise you men of science have been in choosing a sculptor of note, 
placing at his disposal an admirable and well-lighted site, giving 
him full freedom to develop his idea, and thus to conceive a monu- 
ment which is a distinction to him, a credit to yourselves, and a 
worthy record of your deceased colleagues for all time. 

“We do well to emphasise and perpetuate their memory. We 
do not ourselves forget their services, and we desire that posterity 
shall appreciate our veneration. We shall not act like those who 
disregarded the men of science in Ecclesiastes, the poor wise man 
who by his wisdom saved the city, and then was forgotten by 
those for whom he had done so much. 

“The name of Edward Harrison stands out prominently amongst 
those of a gallant band called upon to protect, indeed to save our 
forces from the most terrible assaults ever directed by science 
against an army in the field. 

“ During the spring of 1915 our troops found themselves faced 
by the horrors of an unknown and inconceivable style of warfare. 
Science terrifies, but science also protects. There was a moment 
of incoherence, though let me say never a period of panic, when 
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mysterious agencies cast their death-warrant over our bewildered 
soldiers—a form of unseen aggression against which no remedy was 
known, and threatening the life of our armies, and with it the 
existence of our nation, with an unspeakable cataclysm. 

“A few months later our science asserted its mastery. British 
science kept pace with German aggression, and I believe out- 
stripped it. Somebody, I know not who, detected the genius of 
Harrison, rescued him from military duties where his special powers 
were being wasted, and by the autumn of 1915 he was laying the 
foundation of a huge organisation ultimately destined to become 
one of the central factors of victory. 

“Thovzh I never had the honour of meeting Colonel Harrison, 
I well recall a curious tumbledown little group of huts where 
experiments were conducted. It was difficult to penetrate into 
that out-of-the-world enclave, but I had occasion from time to 
time to see what was going on, and to share the obscure enthusiasm 
which prevailed among threatened men that something concrete 
was being done to stave off the impending danger. Poison gas 
was indeed our most implacable foe, and its intangible horrors the 
most subtle as well as the most lethal of all engines of war. 

“From what I can learn Edward Harrison possessed the power 
of concentrating the accidents of knowledge and _ intelligence, 
directing them into a consistent and specific channel. He had the 
power of interrogation, combined with premonitions, intuitions, 
which enabled him to anticipate developments, and thus to meet 
in good time, sometimes in advance, the progress of enemy attacks. 

“He takes his place among those illustrious men, from Jenner 
down to Lister, whose achievements in the noble efforts of pro- 
phylaxis confer incalculable fame upon British science. 

“ But it is not only Harrison to whose achievement we do honour 
to-day. Here I have a list of young Fellows of the Society, men 
of conspicuous ability in their own departments of research, men 
of character and promise, whose precious lives were prematurely 
ended. These, too, performed their part, each and all animated 
by the same motives of duty and patriotism—devoting themselves 
and ultimately sacrificing their lives in defence of all that we hold 
most sacred and most dear.” 

The Eart: or CRAWFORD AND Batcarres then unveiled the 
Memorial, and after the Last Post had been sounded, followed by 
one minute’s silence and the Reveille, the PRESIDENT said : 

“The sound of the bugle has announced the completion of 
to-day’s ceremony and has recalled us from sorrowful reflection on 
the days of the Great War to the ordinary business of life. 
Please God, neither we nor our children shall again see a time in 
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which our patriotic duty and our common humanity shall be s0 
at variance. 

“It only remains for me to thank the Earl of Crawford for per. 
forming the unveiling of the Memorial and for the eloquent and 
touching words of his address. That Lord Crawford was First 
Commissioner of Works, and thus responsible for the fabric in which 
the Memorial stands, is the least of his qualifications for the task. 
As an artist and a writer on sculpture, he is peculiarly fitted to 
judge of the artistic merit of the Memorial, but what must appeal 
to us most is that he enlisted as a private in the R.A.M.C. and saw 
with his own eyes the ravages of poison gas and the success of the 
protective measures employed against it. 

“Lord Crawford, on behalf of the Chemical Society and of the 
contributors to the Harrison Memorial Fund, I convey to you our 
most grateful thanks for your kindness in performing to-day’s 
ceremony.” 
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JAMES ROBERT APPLEYARD. 
Born 1870; Diep Ocroper 1921. 


JAMES RoBeRT APPLEYARD was born in Bradford in 1870 and was 
the only surviving son of Mr. Rufus Bentley Appleyard, a school- 
master of that town. He was educated at his father’s school and 
subsequently took the regular course in chemistry and dyeing at 
the Bradford Technical College. In 1899 he was appointed assistant 
to Professor Percy F. Frankland at Dundee, where he subsequently 
also gave the lectures on dycing and allied subjects. Ten years 
later he was appointed Lecturer on Dyeing at the Salford Royal 
Technical Institute, becoming later the Head of the Applied Chemistry 
Department, which position he occupied up to the time of his death. 

While still at Bradford, Mr. Appleyard carried out work in 
collaboration with others on the quantitative estimation of picric 
acid, on the composition and properties of Tussah silk, and on the 
absorption of acids and bases by certain textile fibres, the results 
of which were published in the Journal of the Society &f Dyers and 
Colourists. Subsequent work on which he was engaged was of a 
more strictly scientific character and included a paper on “ Salts 
of Glyceric Acid; Influence of Metals on the Specific Rotation of 
Active Acids” in collaboration with Professor Perey Frankland 
(T., 1895, 67, 296), and in collaboration with Professor James 
Walker, papers on “ Ethereal Salts of Ethanetetracarboxylic Acid ” 
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(f., 1895, 67, 768), “Transformation of the Alkylammonium 
(yanates into the Corresponding Ureas”’ (T., 1896, 69, 193) and 
“ Absorption of Dilute Acids by Silk” (T., 1896, 69, 1334). In 
collaboration with Mr. J. B. Deakin he contributed a paper on 
“The Action of certain Inorganic Sulphur Compounds on Cotton ” 
(J. Soc. Dyers and Col., 1902, 128), whilst his last contribution (with 
Mr. R. C. Jefferson), which was also technological in character, 
was on the “‘ Rate of De-sizing of Cotton Cloth ” (ibid., 1915, 153). 
During the past fifteen years most of Mr. Appleyard’s spare time 
was taken up with industrial investigations and consulting work. 
An excellent teacher and of a genial disposition, Mr. Appleyard 
was beloved by his students and all who knew him. Although 
he had been in failing health for some years prior to his death and 
had latterly not been able to carry out his full duties, his interest 
in the subject was maintained to the end. His loss will be felt not 
only by his numerous friends and past students, but also by the 
industry which he represented, for which he had given of his best. 
He leaves a widow and an only son. 
E. KNeEcurt. 


ADRIAN BROWN.* 
Born Aprit 277TH, 1852; Diep Juty 2np, 1919. 


AprIAN Brown was the junior member of the very remarkable 
amateur scientific quartette, Peter Griess, Cornelius O’Sullivan 
and the brothers Brown—Horace and Adrian, once active in the 
scientific service of brewing at Burton-on-Trent. . 
The amateur scientific worker is a peculiarly British product: 
he hates drill and grows through force of example, not of precept; 
he has not matured in countries where drill has been in the ascendant. 
Griess was an outstanding example. He spent six or seven years 
at the University—doing nothing as a formal student; the saying 
goes, that he wasted his time. Far from this—whilst he took his 
fill of student life, what to-day would be called his subconscious 
mind was clearly at work and he suddenly displayed extraordinary 
activity in the laboratory. His great ability was appreciated 
by Kolbe, his teacher, himself a man of the highest intelligence, 
to some extent trained here, under the late Lord Playfair, as fellow 
worker with the late Sir Edward Frankland, the ablest chemist 
of his time in the laboratory and the author of the theory of valency 
upon which our entire system of structural formule is based. 
Kolbe recommended Griess to Hofmann, then Professor at the 
* Reprinted by permission from the Proceedings of the Royal Society. 
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Royal College of Chemistry, in Oxford Street, London—whence 
arose the dyestuff industry, as the outward and visible sign of the 
great leader’s activity and example as an original worker. Griess 
brought with him from Germany his discovery of the diazo. 
compounds, one of the most remarkable in the history of chemistry, 
as it involved recognition of the fact, that nitrogen, up to that 
time regarded as an inert element, could form compounds of 
unusual chemical activity and extreme instability. He developed 
his discovery in London, until in 1862 he become assistant in 
Allsopp’s Brewery in Burton-on-Trent. Here, until his death 
in 1888, he occupied an anomalous position, living a life all but 
apart from the brewery, an indefatigable worker, high up in an 
empyrean of constructive organic chemistry. Apparently, Griess 
did nothing in particular for brewing, beyond assaying its 
products; but he laid the foundation of a branch of the dyestuff 
industry which has since been the most remunerative of its many 
activities. His services were once sought by an English dyestuff 
firm but the beggarly terms offered him were naturally declined 
and we lost an irrecoverable opportunity. 

In the past, scientific workers had their individual patrons who 
supported their inquiries; but the Allsopp firm behaved to their 
chemist in a way which is without parallel in the history of industrial 
enterprise; they seem to have gloried in having so distinguished 
a man on their staff, without considering the direct value of his 
services. His presence was testimony to their breadth of view, 
as well as to their liberality; they undoubtedly gained in repute 

from their action. 


Horace Brown entered on his technical career, in 1866, at the 
time when Griess took up the position of chief chemist, at Allsopp’s, 
vacated by Dr. Béttinger, father of the Dr. H. von Béttinger, 
recently deceased, who is noted for the part he played in the 
development of the German Dyestuff Industry. He had been 
influenced, as a lad, both by Béttinger and by Griess, but his only 
didactic training in chemistry was a year spent at the Royal 
College of Chemistry, partly under Hofmann and partly under 
Hofmann’s successor, Frankland. 


Cornelius O’Sullivan went to Burton in 1867. He too had been 
a pupil of Hofmann, at the Royal College of Chemistry; he was 
one of the assistants in the laboratory at the time when Horace 
Brown and the writer entered as students. He accompanied 
Hofmann to Berlin but, after a few months, on his recommendation, 
returned to England to enter the service of Messrs. Bass and Co. 
An accomplished worker, he began the study of the mash-tun by 


1ence 
f the 


Tiess 
iazo- 


s of 


OBITUARY NOTICES. 2901 


investigating the action of the enzymes of malt (diastase) on starch ; 
he may be said to have rediscovered maltose in the course of this 
work and to have established its significance as a fundamental 
unit in the complex starch molecule. Although others have 
followed in his footsteps, to the present day we remain ignorant 
as to the precise nature of the successive changes which the starch 
molecule undergoes on hydrolysis and of the number of enzymes 
concerned in the process. O’Sullivan was also the first to study, 
in detail, the rate at which cane-sugar was hydrolysed by yeast 
invertase. Finally, he undertook an inquiry into the products 
of the hydrolysis of gum-arabic and laid solid foundations which 
no one yet has built upon. 


Adrian Brown did not enter the scientific service at Burton 
until 1873, when its foundations had been deeply laid: he then 
spent several years studying for the distinguished part he was to 
take in the quartette. 

He was born at Burton on April 27, 1852. He came of a practical 
and nature-loving stock. His father, Edwin Brown, the son of a 
small builder, left school at an early age, to become clerk at a 
private bank in Burton, ultimately the Burton, Uttoxeter and 
Ashbourne Union Bank, of which he was manager during the last 
twenty-five years of his life. He died suddenly, in 1876, at the 
age of fifty-seven. He was an ardent naturalist, specially known 
as a coleopterist, with a strong scientific bent and leanings to all 
the sciences, particularly geology. 

He is referred to in the ‘‘ Life and Letters of Charles Darwin” 
in a letter from Henry Walter Bates, the celebrated Amazonian 
traveller, to Darwin, dated October 17, 1862 :— 


“ Mr. Edwin Brown is manager in a large Bank at Burton. 
I have known him twenty-one years; he was my earliest 
naturalist friend. I have always looked on him as a man of 
extraordinary intellectual ability. I have given him my 
notices on Carabi. He is amassing material (specimens) 
at very great expense. He has never travelled; this is a 
great deficiency, for the relation of species to closely allied 
species and varieties cannot, I think, be thoroughly understood 
without personal observation in different countries.” 


In the memoir, by Mr. Edward Clodd, prefixed to the reprint 
of the unabridged edition of ‘‘ The Naturalist on the River Amazon,” 
published by Mr.. Murray, in 1892, it is stated that :— 


‘“‘ Bates was born at Leicester in 1825 and spent his youth 
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in the district. Apprenticed to a hoisery business, he left it 
soon after his master died and eventually entered Allsopp’s 
Brewery as a clerk.”’ 


Mr. Clodd adds :— 


“As often as he could he escaped from the desk to the 
open air, and some results of his entomologising are found 
in a paper on ‘Coleoptera in the neighbourhood of Burton. 
on-Trent,’ published in the JZoologist (VI, 1848, 1997). 
Mr. Edwin Brown, who obtained him the situation at Allsopps’, 
is referred to as the captor of several species scheduled in 
the paper.” 


Edwin Brown appears to have exercised considerable influence 
upon the fortunes of both Bates and A. R. Wallace. Bates became 
acquainted with Wallace at Leicester, where the latter was English 
master in the Collegiate School. Mr. Clodd tells us that :— 


“The two friends often discussed schemes for going abroad 
to explore some unharvested region and at last these took 
definite shape, mainly through the interest excited by a little 
book, published by John Murray in 1847, entitled ‘A Voyage 
up the River Amazon, including a Residence at Para,’ by Mr. 


W. H. Edwards, an American tourist.” 


The writer learns from Dr. Horace Brown that this book had 
greatly interested his stepfather, Edwin Brown, who lent it to 
Bates to read. The recovery of such a fragment of history will 
not be without interest, as giving a clue to the mental process 
whereby the two travellers were eventually led to the study of 
problems of world-wide significance. 

Adrian Brown was therefore nurtured in a scientific atmosphere. 
He attended the local grammar school, but his effective training 
was at the hands of his father and, in chemistry particularly, of 
his elder brother, Horace. He received his special technical 
training mainly at the Royal College of Science, the combination 
of the Royal College of Chemistry, Oxford Street, with the Royal 
School of Mines, Jermyn Street, then just effected at South 
Kensington. On leaving, he became private assistant to Dr. 
Russell, Lecturer on Chemistry in St. Bartholomew’s Hospital 
Medical School. 

In 1873 he quitted London for Burton, to act as chemist to 
Messrs, Salt and Co., Brewers. 

In referring to the Burtonian quartette, which Adrian Brown 
was the last to join, as amateur workers, the writer is not unmindful 
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ofthe fact that all were brewers’ chemists and therefore professionally 
engaged, excepting, perhaps, Griess—and it has always been thought 
that he has not had sufficient credit for the work he did in the 
brewery. None the less, the spirit in which they worked was that 
of the amateur of the past : they sought neither gain nor applause : 
love of their art was their guiding light; they were led solely by 
desire to explore its fields, to grasp its value, to display its 
beauties. 

Adrian Brown remained twenty-five years in the brewery, 
leaving in 1899 to take charge of the newly founded Chair of 
Brewing and Malting at the Mason College, Birmingham. When 
the University of Birmingham was established, he became Professor 
of the Biology and Chemistry of Fermentation and Director of 
of the School of Brewing. He died suddenly on July 2, 1919, 
three days after his wife. 

A naturalist from his birth upwards, a man of unobtrusive 
manner but great personal charm, he gained the esteem of all 
whom he met officially and the affection of his many friends. Not 
only was his standard of endeavour ever the highest but all he did 
was characterised by originality, great independence of judgment 
and a consistent logic. 

He was not elected into the Society until 1911. His first work 
was in advance of the time and did not receive the attention it 
deserved, although the subject, the action of oxidising organisms, 
was one of great interest, oxidation playing so determining a part 
in vital activity. He began by studying the action of the well- 
known Bacterium aceti, used in producing vinegar from alcohol; 
then that of another organism, Bacterium xylinum, which he was 
the first to isolate from ‘‘ Mother of Vinegar.” 

The point brought out in the earlier inquiry was the inability 
of B. aceti to condition the oxidation of methylic alcohol, although 
it grew in presence of this compound: then, that it was able to 
determine the conversion, not only of ethylic aleohol but also of 
propylic, to the corresponding acid; yet was without action on 
isopropylic and isobutylic alcohols; still, it grew in the presence 
of these compounds but was killed by fusel oil and amylic alcohol. 
These remarkable differences in behaviour of compounds so closely 
related remain unexplained to the present day. Assuming that 
oxidation be determined by a catalyst, i.¢., at a solid surface, it 
is most probable that the surface is differently affected by the 
different alcohols: but on any hypothesis the fact that methylic 
and isopropylic alcohols are unattacked, whilst compounds so 
close to them in all chemical properties are oxidised, is very striking ; 
no other such marked instance of bacterial epicurism is known. 
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The results of his work on B. xylinum were of less direct signi. 
ficance, as his attention was mainly directed to the membrane4™”® 
which this organism produces in sugar solutions; he thought it 
was a variety of cellulose but from later work, by Emmerling, 
it is probable that the product is of a chitinous character. Here 
again, however, a field is opened up for further inquiry—if action 
take place within the cell, how comes it that such a product js 
secreted without the organism if this be not destroyed in the 
process ? 

The activities of B. xylinum were studied, a few years later, by 
the French chemist, Bertrand, who established the fact that it has 
an entirely remarkable discriminative power, as in compounds 
sensitive to its oxidising influence two H-C-OH groups are present, 
not only in conjunction but so placed that the two OH groups in 
these are on the same side of the plane in the formula; thus when 
the two isomerides formed by reducing sorbose are submitted to 
the action of the organism 
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sorbitol alone is oxidised and reconverted into ketose (sorbose). 
It is in no way clear, at present, whether the selective activity 
displayed by the organism be that of an enzyme or traceable 
merely to a peculiarity in the oxidative process. 

The root ideas underlying our present conception of the nature 
of enzymic hydrolysis are largely traceable to Adrian Brown's 
iconoclastic work. Beginning with observations on the rate of 
reproduction of yeast cells, he noticed that a constant amount 
of yeast fermented an approximately constant weight of sugar, 
in unit time, in solutions of varying concentration ; the graph of 
his experiments was a straight line, not a logarithmic curve— 
indicating the change of regularly diminishing amounts in successive 
unit periods—such as was held to be expressive of the simple 
enzymic change conditioned by invertase, on the basis of the 
experiments made by Cornelius O’Sullivan and Tompson, published 
in 1890. Hence he was led to re-examine the evidence adduced 
by these chemists, in support of their view, that the enzymic 
change was a mass-action effect, strictly comparable with the 
changes taking place in solutions of crystalloids—in other words, 
that enzymic change took place in solution. 
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He dealt with this subject in an exhaustive manner. The 


“Iconclusion arrived at was, that during the earlier period of change, 


ss in fermentation, the sugar is hydrolysed at a linear rate, the 
ymount converted being practically independent of the concen- 
tration of the solution, in no way proportional to it. The rate 
of hydrolysis is much reduced by the addition of invert-sugar, 
that is to say, of the products of change; lactose, except in very 
large proportion, however, has little effect. 

These conclusions have been fully confirmed by later inquiries. 
It may now be taken as established, that enzymic action is effected 
at solid surfaces. Complete confirmation of this explanation 
has been given by recent observations on the action of a catalyst 
uch as finely-divided metallic nickel in determining the hydro- 
gnation of the fatty oils. 

Much of Adrian Brown’s work was in criticism of Pasteur’s 
findings, especially the great Frenchman’s conclusion that fermen- 
tation was life without air; he thought that he had proved the 
ontrary. He studied the effect of alcohol and found that it greatly 
rtarded the reproductive growth of yeast; also the effect of 
carbon dioxide but came to the conclusion that, as it had no greater 
influence than hydrogen and as there was a much larger increase 
in presence of air, the repression of growth was due to exclusion 
dé oxygen. He was, therefore, led to favour the conclusion that 
reproductive growth of the yeast cell, under ordinary anaerobic 
wnditions, is determined by the amount of oxygen at the disposal 
of the organism prior to the commencement of reproduction. 
Recently, however, Slator, working in the laboratory of Messrs. 
Bass and Co., thought he had proof that not only has carbon dioxide 
agreater influence than has been supposed on the activity of the 


yeast organism but also that oxygen is not required for reproductive 
gowth of the cell—thereby upholding both a common opinion 
ofcarbon dioxide and Pasteur’s view as to oxygen being unnecessary. 
later observations have shown, he admits, that he had not 
sufficiently removed the oxygen. 

It remains to consider what is undoubtedly his most remarkable 
work—that on di“usion into the barley corn, noteworthy both 
on account of the beauty and delicacy of the method he developed 
and the significance of the results. Having eyes to see as well 
a an inquiring mind, he was led to take special notice of the blue 
layer just below the skin in certain varieties of barley. Desirous 
of finding out what happened, in the malting process, when barley 
was steeped in water, as it is during the preparation of malt, alsg 
what would be the influence of impurities in the water, he first 
studied the behaviour of dry barley-corns in water and then in 
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various solutions. He saw that in blue barley he had a perfect 
mechanism for the quantitative study of diffusion phenomena, 
The blue layer furnished the discriminating membrane ; the finely 
granular mass of starch within the corn served to attract water 
into the grain. By placing a set of weighed corns in water and 
at intervals removing them and determining the increase in weight, 
at various temperatures too, the rate at which water entered was 
easily ascertained. The variation in the rate at which it accumu. 
lates in the grain, as the temperature is raised, was in agreement 
with that at which the vapour pressure of water rises when this 
is heated. 

A similar tale is told by solutions of most salts and of substances 
such as the sugars—these all have vapour pressures lower than 
that of water and water accumulates less rapidly in barley corns 
placed in these solutions than if they were in water, the rate 
depending on the concentration. 

Solutions of the ordinary strong acids and alkalis also give up 
water to dry barley corns and become concentrated but no acid 
passes across the discriminating membrane; the blue colour 
remains unchanged in all sound corns. 

But weak acids, also weak alkalis, such as ammonia, readily 
pass through; moreover, the membrane is penetrable by all 
chemically neutral substances at all soluble in water—such as 
acetic acid and its homologues, chloroform, even hydrocarbons 
such as benzene. These all pass into the corn together with water 
and actually accelerate the passage of water into the grain. It is 
no question of molecular size: such molecules do not penetrate 
the membrane because of their smaller size; on the contrary, 
butyric acid enters more rapidly than acetic and the alcohols of 
the ethylic series pass through the more rapidly the greater their 
molecular weight, so long as they are reasonably soluble in 
water. 

Eventually an equilibrium is reached within the corn and the 
concentration of the solution may become higher than in the 
liquid outside; it has even been observed, in the case of phenol 
and aniline, that the internal solution is ‘‘ supersaturated.’ To 
take an example, when the corns are saturated in a solution con- 
taining 50 per cent. of acetic acid, the solution within contains 
80 per cent. of the acid—but this is the limit, no more passing in 
from stronger solutions. 

Previous observers on the passage of such substances through 
living tissues have correlated their relative activity and their 
lethal power with the solubility in fats and have postulated the 
existence of a lipoid layer at the tissue surfaces. Adrian Brown's 
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observations justify us in putting aside all such fancy explanations 
—the correlation is of consequence only in so far as the solubility 
referred to of substances in oils and fats is usually the converse 
of their solubility in water. 


A full discussion of the work Adrian Brown accomplished and 
its bearing on contemporary inquiries, by the writer, is published 
in the Journal of the Institute of Brewing, 1921, vol. 27, pp. 
197-260. From the point of view advocated in the present notice, 
hisexemplary career and achievements merit most careful attention. 
His genius lay not on the surface but was manifest in a continuity 
of effort which, in sum, was remarkably effective. His work 
was an expression of himself: it came from within; but that 
he was induced, if not forced, to display his genius owing to the 
influence of the conducive environment in which he was placed 
is probably a not unwarrantable conclusion. Chamber music 
such as the Burtonians have discoursed so successfully might 
well and should be more cultivated, not only in industry but in 
the new Universities, even at Oxford. H. E., A. 


WILLIAM GOWLAND. 
Born DecemBer 16TH, 1842; Diep June 10ru, 1922. 


ProressoR WILLIAM GOWLAND, F.R.S., Emeritus Professor of 
Metallurgy at the Royal School of Mines, died on June 10, in his 
eightieth year. By his death Metallurgy has lost one of its most 
learned and authoritative exponents, and a man of singular personal 
charm and distinction. It is interesting to notice that, like his 
predecessor at the Royal School of Mines, he had intended to enter 
the medical profession. Whereas Percy, however, completed his 
course of instruction and practised professionally for some years, 
Gowland, after working with a medical man in Sheffield for three 
years, abandoned this work and became a student at the Royal 
College of Chemistry. From there he passed, in 1868, to the Royal 
School of Mines, and two years later obtained the Associateship 
both in mining and metallurgy. He was awarded the Murchison 
medal in geology and the De la Beche medal in mining. 

Gowland’s first post was that of chemist and metallurgist to the 
Broughton Copper Company, Manchester. Two years later, he 
accepted an invitation to the Imperial Mint at Osaka, Japan, 
where he held the post of chemist and metallurgist for six years. 
During the next eleven years he acted as assayer, metallurgist, 
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and chief of the Foreign Staff at Osaka, and was for some time 
adviser to the Imperial Arsenal. His work was of a decidedly 
varied nature, and he did much to introduce Western metallurgical 
and chemical methods into the departments with which he was 
associated. Indeed, during this period, work of a chemical nature 
predominated.. It was at this time that he acquired the knowledge 
of Japanese methods of extracting, refining, and working metals, 
for which he subsequently became so famous. In addition, he 
carried out exploration work in Korea on behalf of the Japanese 
Government, which was by no means free from danger to himself 
and his party. As a young man, Professor Gowland was a keen 
oarsman, and was the first to introduce rowing into Japan. The 
use of the wheel-barrow was unknown in the country. He provided 
with wheel-barrows the labourers who were. engaged on some 
excavation work in the Copper Mint. The Japanese, however, 
did not appreciate this form of mechanical transport, and very 
quickly removed the wheels, preferring to carry the barrows, 
loaded, on their backs. During his residence, he built up a very 
fine collection of Japanese art, which included some valuable kake- 
monas. On leaving the country in 1889, the order of “‘ Chevalier 
of the Imperial Order of the Rising Sun ’”’ was conferred on him by 
H.I.M. the Emperor of Japan, personally. Until the time of his 
death, he maintained his connexion with Japan, where he was held 
in very high esteem, and his London house became the Mecca of 
Japanese metallurgical students who visited this country. 

After his return to England, Professor Gowland acted as chief 
metallurgist to the Broughton Copper Company for some years. 
In 1902, however, he entered the academic side of metallurgy, 
and was appointed Professor at the Royal School of Mines, in 
succession to the late Sir William Roberts-Austen. This post he 
held for seven years and retired in 1909, although he again filled 
his post at the School during an emergency in the Session from 1913 
to 1914. It is remarkable that a man should enter on what must 
after all have been a new profession in his sixtieth year, and have 
made such a success of it. He was extremely thorough in everything 
that he undertook. His lectures were very carefully prepared and 
admirably delivered. He had a gift of clear and trenchant exposi- 
tion. Staff and students found in him a man of his word, who 
took deep interest in their welfare and was ready to give of his 
time ungrudgingly in their service. 

So far as metallurgy is concerned, his chief interest lay in the 
metals copper, silver, gold, lead, and their alloys. His knowledge 
of the metallurgy of copper in particular was unique, based as it 
was on experience of the best methods in vogue both in the East 
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and West. In 1914 he published a text-book on the metallurgy 
of non-ferrous metals, which quickly became recognised as an 
authoritative work on the subject, and is now in its third edition. 
He also contributed various papers to the Institution of Mining 
and Metallurgy, the Chemical Society, and the Society of Chemical 
Industry. In 1907 he was elected President of the - Institution 
of Mining and Metallurgy, and in 1909 was awarded the Institution’s 
gold medal. He was an original member of the Institute of Metals, 
founded in 1908, and became its third President and its first 
May Lecturer. 

There was, however, another side to Gowland’s intellectual 
interests, as shown by his membership of the Society of Antiquaries, 
the Royal Anthropological Institute, and the Numismatic Society. 
His publications under these heads were numerous and varied, 
dealing with, for example, the early metallurgy of lead and silver, 
the remains of a Roman silver refinery at Silchester, silver in pre- 
historic and proto-historic times, and the burial mounds and dolmens 
of the early emperors of Japan. From 1905 to 1907 he acted as 
President of the Royal Anthropological Institute. 

During the last seven years of his life Professor Gowland, who 
did not escape the infirmities of advancing age, was very much 
confined to his room. He was, however, a man of indomitable 
spirit and maintained his intellectual activity and catholicity up 
to his death. He endeared himself by his personal qualities to a 
wide circle of friends, by whom he will always be affectionately 


remembered, 
H. C. H. C. 


PROF. PHILIPPE A. GUYE.* 
Born JunNE 121Tu, 1862; Diep Marcu 271u, 1922. 


By the death of Prof. Philippe Auguste Guye, on March 27, Switzer- 
land loses one of the most eminent of her savants, and the world of 
science is the poorer by the passing away, in the full maturity of his 
intellectual powers, of an assiduous and successful cultivator of 
natural philosophy, distinguished alike for the range and profundity 
of his knowledge, the force of his genius, for his originality, his 
ingenuity and remarkable experimental skill. Geneva has long 
been a home of science; some of her citizens are among the most 
honoured of its votaries, and Guye now assumes his due position 
on a roll already made illustrious by the names of Saussure, De La 
Rive, and Marignac. 


* Reprinted by permission from Nature. 
VOL. CX¥I. 5F 


2910 OBITUARY NOTICES. 


Philippe A. Guye was born at Saint-Christophe (Vaud) on June 
12, 1862. His earliest scientific studies were made at the University 
of Geneva, where he worked under Graebe, with whom he published 
papers on diphthalyl and on naphthalene hydrides—a modest 
enough theme for the ’prentice hand—mainly a repetition of Graebe’s 
observations of ten years previously, which seemed to have keen 
called in question by the subsequent work of Agrestini. After taking 
his doctorate he repaired to Paris, where he remained some years, 
working in the laboratory of Friedel. Here he appears to have 
come under the influence of ideas on spatial chemistry which science 
owes to Le Bel, and much of his work during the next few years 
was devoted to their development. In 1892 he was recalled to 
Geneva to occupy the chair of theoretical and applied chemistry in 
the university of that city, to which he remained attached for thirty 
years. During this period Guye, by his energy and personal influ- 
ence, his organising power, and the catholicity of his scientific aims, 
made an indelible impression on the academic life and activities 
of the university. He surrounded himself with a body of earnest 
and enthusiastic workers, attracted from all parts of the world, to 
whom he gave freely from a wealth of ideas which ranged over every 
department of chemical and physical science. Itis estimated that 
upwards of 600 communications emanated from the Geneva labora- 
tory while under his direction, some 200 of which bore his own name 
alone, many others being joint contributions by himself and his 
pupils. His own work was characterised by a rigorous sense of 
accuracy, by caution and a recognition of possible sources of error, 
amounting almost to intuition, combined with a capacity for general- 
isation and a fair for fruitful hypothesis which seemed, at times, 
like divination. 

Although Guye began his scientific life under the guidance of 
Graebe, and at a time when the theory of organic chemistry and its 
technical applications were developing with extraordinary rapidity 
and success, systematic organic chemistry of the type with which 
the name of his eminent teacher is associated had few attractions for 
him, and it is doubtful whether Graebe’s teaching and example 
had any permanent influence on his career. At all events, on his 
election to the Geneva chair he embarked upon the long series of 
investigations on problems of physical chemistry on which his fame 
mainly rests. He was early attracted to the many issues to which 
the molecular theory of van der Waals gave rise. He discovered a 
series of new relations between the physical constants of liquids 
and their molecular magnitudes, and he greatly extended the con- 
ception of molecular association in liquids. He devised new methods 
of determining the molecular weights of substances in the liquid 
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state and at the critical point. He attacked the study of molecular 
dissymmetry, and traced the connexion between optical activity 
and homology in liquids, between isomerism of position and rotatory 
power, and with the aid of his pupils he accumulated a great mass 
of experimental material which served to extend and substantiate 
his generalisations. 

In 1903 Guye turned his attention to the study of atomic weights, 
and, in particular, to a critical examination of the experimental 
basis upon which these magnitudes rest. He thereby followed and 
perpetuated a tradition with which the fame of the Geneva school 
of chemistry, as personified by Marignac, will always be connected. 
Practically the greater number of the one hundred contributions to the 
literature of chemistry which we owe to Guye’s pen during the past 
twenty years are devoted to this subject, upon which he lavished all 
the powers of his matured intelligence, his experience, ingenuity 
and manipulative skill. Thanks to his organising capacity and 
the ability and enthusiasm of his collaborators, we have been fur- 
nished with a series of fiduciary values which are probably among the 
best determined of physical constants, in which every known source 
of error has been rigorously scrutinised, and, as far as possible, 
eliminated. Naturally the trend of modern developments of ideas 
concerning the essential nature of the elements, and their funda- 
mental relations and possible interdependence, attracted Guye’s alert 
intelligence, and at the Brussels meeting of the International Confer- 
ence in June last he pointed out their significance in connexion 
with the proposed reorganisation of the work of the International 
Committee on Atomic Weights, of which he was an enthusiastic 
advocate, and on which, had he lived, he would certainly have made 
his influence felt as a member. 

It might be supposed from Guye’s mental characteristics, and 
from the nature of his studies, that he would have little sympathy 
with the technical applications of chemistry. No such surmise 
could be further from the truth. Although not a professed technolo- 
gist, he had a considerable knowledge of manufacturing chemistry, 
and he enjoyed the confidence and esteem of the leaders of chemical 
industry throughout Switzerland, to whom he was always accessible, 
and by whom his counsel and advice were highly appreciated. His 
name will always be associated with the extraordinary development 
of electrochemical synthesis in Switzerland, to which his lectures 
and writings largely contributed. 

Guye exercised great influence in scientific circles in Geneva, and 
took a leading part in the organisation of Swiss science. He pre- 
sided over the Swiss Physical and Natural History Society, was a 
member of the central Committee of the Helvetic Society of Natural 
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Sciences, and president of the Swiss Chemical Society and of the 
Council of Swiss Chemistry. In 1903 he established the Journal 
de Chimie physique, in which the greater number of the communica- 
tions from his laboratory after that year were published, and he 
was mainly instrumental in placing Helvelica Chimica Acta—now 
the leading chemical journal in Switzerland—upon a sound and 
permanent foundation. 

Guye’s merits as a man of science were widely recognised. He was 
a member of the Scientific Academies of Petrograd, Madrid, and 
Bucharest, and honorary member of the Chemical Societies of France 
and England, a corresponding member of the French Institute, 
and a foreign associate of the Reale Accademia dei Lincei, and he 
shares with his countryman Marignac the honour of being a Davy 
medallist of the Royal Society. To the great regret of his 
many friends in England, the illness which ended in his death 
prevented him from coming to London to receive the medal in 
person. 

He has another association with the memory of Davy, who died 
at Geneva, which British chemists will not forget. They are 
grateful to Guye for his pious care of the tomb which holds the 


remains of the great chemist. 
T. E. Taorpr. 


WILLIAM KELLNER. 
Born 1839; Diep SEPTEMBER 12TH, 1922. 


WituiaM KELLNER died at Victoria Road, Charlton, on September 
12, in his eighty-third year. 

Born at Frankfort in 1839, he received his scientific training under 
Prof. Wohler at Gottingen, finally obtaining his Ph.D. degree in that 
University. He became a Fellow of the Institute of Chemistry in 
1878, and served on the Council from 1895 to 1898. In 1862, he 
came to England as Assistant to Sir H. Roscoe at Owens College, 
Manchester, whence, in 1864, he went to Woolwich and joined the 
staff of the War Department Chemist (Sir Frederick Abel, Bart., 
K.C.B., F.R.S.). In his early years at Woolwich Dr. Kellner was 
engaged in the varied general work of the Chemical Department, 
later his main work became investigatory and experimental, both 
in connexion with explosives, and also to meet the requirements of 
the various Commissions and Committees on which the War Depart- 
ment Chemist was a prominent member; of these the “ Royal 
Commission on Accidents in Mines” and “ The Explosives Com- 
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nittee ’’ (appointed in 1889 to produce a smokeless powder for the 
Service) may be mentioned. 

Dr. Kellner also devoted much work to the production of an 
apparatus for the determination of flashing point in oils, and was 
largely responsible for the Abel flash point apparatus, eventually 
perfected ; in collaboration with Sir Boverton Redwood, he carried 
out an exhaustive series of tests with this apparatus. 

As a scientific worker, Dr. Kellner was painstaking and methodical, 
displaying much skill in devising experiments to assist in elucidating 
the various problems confronting him in the course of his work. 

As regards practical results, his most important work was in 
connexion with the evolution of cordite, much of the more difficult 
research and experimental work leading to the production of this 
explosive being carried out by Dr. Kellner, in the Chemical Depart- 
ment, at Woolwich Arsenal; in spite of the numerous smokeless 
powders which have been brought into use since, the fact that after 
a period of thirty years cordite still remains the British Service 
propellant for Army and Navy use is perhaps the best testimonial 
to the thoroughness of his work in this direction. 

In 1892 Dr. Kellner succeeded Sir Frederick Abel as Chemist 
to the War Department, and in addition to the duties of this office 
served as an Associate Member of the Ordnance Board and as Con- 
sulting Chemist to the Royal Gunpowder Factory at Waltham 
Abbey ; he retired from the Service in 1904. 

Of an extremely modest and retiring disposition, the value of 
Dr. Kellner’s work was little known outside his Department; he 
had a kindly and sympathetic nature, and his invariable courtesy 
and cheerful optimism charmed those he came in contact with; he 
won the esteem of a large circle of friends. 

He was gifted with artistic tastes, a lover of music and devoted 
to gardening, in his retirement deriving much pleasure from these 
pursuits. He was unmarried. 
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GEORGE WILLIAM MACDONALD. 
Diep Avaust 7TH, 1922. 


To a wide circle of chemists connected for the most part with the 
explosives industry, the announcement of the death of Mr. George 
W. MacDonald, 0.B.E., M.Sc., brought with it the sense of loss of 
one with whom was associated the recollection of much pleasant 
co-operation and friendly intercourse. 

Born in Australia of Scottish parents—he claimed to be of the 
MacDonalds of Glencoe—he was educated in Melbourne and Dunedin 
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and passed through Melbourne University, taking chemistry under 
Prof. Orme Masson. Having obtained an 1851 Exhibition Scholar. 
ship, he came to England in 1893, and worked at University College 
with Sir William Ramsay on various subjects, such as the interaction 
of nitric oxide and sodium ethoxide, the possible occurrence of 
argon in animal and vegetable substances, the production of cyanides 
at the temperature of the electric arc, and the disengagement of 
nitrogen from azides. The last-mentioned process he had frequently 
carried out with safety, but on completing an operation a few hours 
after he had heard by cable of the death of his mother, an unfortunate 
explosion occurred which deprived him of the sight of an eye. 
Although he recovered the sight of the other eye, its eventual 
blindness was destined to affect his career. 

Undeterred by this experience, after his recovery MacDonald 
took up the study of explosives in the laboratory of Mr. William 
Macnab, whence he obtained an appointment with Messrs. Curtis's 
and Harvey, in the first place in 1896 at their works near Dartford, 
and later at Cliffe-at-Hoo, where he took charge of the research 
laboratory in 1908. 

MacDonald’s work in Curtis’s and Harvey’s was for the most part 
concerned with cellulose nitrates, their manufacture and chemical 
properties. Bringing to bear a mind which was essentially 
methodical, he determined the conditions and laid down the controls 
for obtaining consistently the various natures of cellulose nitrate 
needed for incorporation into blasting explosives, for preparing the 
firm’s smokeless sporting powders, and for making into cordite. He 
conducted a large body of work on the chemical stability of cellulose 
nitrate, and was one of the first in this country to introduce, for 
the purpose of works control, methods for safeguarding the stability 
of the product, founded on the principle of heating the esters under 
standard conditions until a marked decomposition supervened. 
Some of the results of this work on manufacturing processes and on 
stability were contributed in papers and discussions before the 
Society of Chemical Industry during the years 1904 to 1914. For 
many years (1900 to 1916) he contributed to the Journal of that 
society a series of valuable abstracts from the current literature on 
explosives. 

Always interested in the historical development of his subject, 
MacDonald trought out in 1912 a book, “ Historical Papers on 
Modern Explosives,” in which he described in an interesting manner 
the work of the discoverers of mercuric fulminate, guncotton, and 
nitroglycerine, and the investigations which followed their discovery, 

describing more minutely the advances made by Abel. 

On account of his health, his connexion with Messrs. Curtis’s 
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and Harvey was broken for nearly two years, which he spent in 
Cairo and in Belguim, where he was engaged in introducing modern 
plant and processes for a Belgian Company making nitrocellulose. 

MacDonald returned, however, to the service of the firm before 
the war, and took part in designing the subsequent expansion of 
their works. His keenness to assist was shown at this period by the 
enthusiasm with which he took up the manufacture of that substitute 
for cordite (Cordite R.D.B.) which had been put forward from Wool- 
wich as it did not involve the use of acetone. When further exten- 
sions of plant for making guncotton were required, his special 
experience was utilised by the Admiralty in advising on matters of 
design of plant and of buildings in order to avoid certain dangers. 

On the occasion of the recognition of his work at an Investiture 
of the Order of the British Empire, he received the O.B.E., and had 
personal consideration at the hands of the King as his eyesight by 
this time had almost entirely failed. The gradual loss of the sight 
of his remaining eye, in spite of a series of operations, constituted 
the tragedy of MacDonald’s life, and until near the end the hope- 
fulness and courage with which his friends found him meet his great 
handicap have always been amongst them a matter for remark and 
admiration. 

It would be wrong at the same time to omit reference to the help 
which MacDonald had from his wife (née Callendar), not only in 
her care for his health, but also as regards his work. A good linguist, 
she assisted him in translations from foreign literature, and saved 
the strain on his eyesight involved by reading and preparation of 
papers, abstracts, and reports. 

On his arrival in England, MacDonald speedily made a large 
number of friends who were attracted by his personality and the 
merriness and the sparkling character of his conversation. 

Later he will be remembered by the group of chemists who 
occupied the “explosive table” at the dinners preceding the 
meetings of the Society of Chemical Industry, as the one who more 
than any other by his joviality helped to make it justify its name. 

Those who knew him will never recall MacDonald without 
remembering him as one whose characteristic was his willingness to 
assist either by undertaking work himself or by freely affording the 
results of his experience, all this being done with a personal charm 
which was the reason for his circle of friends being both appreciative 
and large. 


He died in London on August 7, 1922. 
R. ROBERTSON. 
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LIONEL WILLIAM STANSELL. 
Born 1861; Diep May 22np, 1922. 


LIoNEL WILLIAM STANSELL was born in London in 186}, 
Educated at the City of London School, he became a pupil of 
Mr. Otto Hehner in 1877. 

After spending eighteen months as assistant to the late C. H. Piesse, 
he went to Maidstone in 1880 as assistant to the late Dr. M. A. Adams, 
Public Analyst for the County of Kent, and afterwards became his 
partner. Dr. Adams retired from practice in 1911 and Stansell 
acted as County Analyst for two years, until a whole-time appoint. 
ment was made to that office. Stansell retained, however, the 
appointments of Public Analyst to the City of Rochester and the 
Boroughs of Gravesend and Maidstone, and was also engaged in 
private practice. 

Stansell was a conscientious and hard-working analyst, whose 
whole heart was in his duties. These left him little time for any 
original work, but in his earlier days he was joint author with 
Mr. C. H. Piesse of a paper dealing with the analysis of mustard 
and was also responsible for the chemical work involved in several 
papers contributed by Dr. Adams to the Analyst. 


Singularly quiet, modest and reserved, he was little known out- 
side his immediate circle. He was an accomplished musician. 

Stansell died, after a long illness, on May 22nd, 1922, leaving a 
widow and one daughter, his only son having died a few years 
before as a consequence of war service. He became a Fellow of 
the Chemical Society in 1887. E. M. H. 


The Trust Deed of the Edward Frank Harrison Memorial Fund 
did not come into the final possession of the Chemical Society 
until it was too late for it to appear in the December Transactions. 
It is therefore inserted at the beginning of the Index, and the 


following pages (2917 to 2919) should be bound so that they appear 
immediately after the last page of the December Transactions, 


i.e. page 2916. 


TRUST DEED. 2917 


TRUST DEED ESTABLISHING THE EDWARD 
FRANK HARRISON MEMORIAL FUND.* 


TO ALL TO WHOM these Presents shall come THE 
(HEMICAL SOCIETY of Burlington House Piccadilly London a 
Society incorporated by Royal Charter sends greeting :— 

WHEREAS in order to create a fund in memory of the late 
Colonel Edward Frank Harrison deceased formerly Deputy Con- 
troller of the Chemical Warfare Department and to commemorate 
the devoted services he gave in the protection of the British Forces 
from poison gas in the late Great War a Committee was formed to 
invite collect and administer subscriptions to the said fund and 
subscriptions thereto were received from former friends and 
colleagues of the said Edward Frank Harrison and others amounting 
in the whole with accrued interest to One thousand six hundred 
and forty pounds or thereabouts 


AND WHEREAS in accordance with the wishes of the 
subscribers the sum of Five hundred pounds has been expended 
out of the said fund in the design production and erection of a 
bronze relief memorial in the rooms of The Chemical Society at 
Burlington House and in the payment of certain small incidental 
expenses and the balance of the said fund remaining after pay- 
ment of certain expenses incidental to the administration of the 
said fund (including the costs of and incidental to the preparation 
and execution of these presents) and consisting of Five per cent 
National War Bonds for One thousand pounds and One hundred 
and fifty pounds one shilling and five pence cash has by the direc- 
tion of the said Committee and in accordance with the wishes of 
the subscribers been transferred to The Chemical Society to be 
held by it upon the trusts and with and subject to the powers and 
provisions hereinafter declared 


NOW THESE PRESENTS WITNESS and The 
Chemical Society HEREBY DECLARES as follows :-— 


1. THE Trust hereby established shall be called ‘‘ The Edward 
Frank Harrison Memorial Trust ” 

2. THE Chemical Society shall either retain the said National 
War Bonds as invested or at its discretion sell the same 
or any part thereof and shall invest the proceeds and the 
said sum of One hundred and fifty pounds one shilling and 
five pence cash and any other money requiring investment 
hereunder in any mode of investment from tizie to time 
authorised by law for the investment of trust muneys and 
may at its discretion from time to time vary investments 
within the prescribed range The investments from time 
to time representing the said National War Bonds and cash 


* See also Trans., p. 2894. 
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so transferred to The Chemical Society as aforesaid are 
hereinafter called “‘ the Fund ” 


3. THE income of the Fund (including income resulting from 


the investment of income) or such part thereof as The 
Chemical Society shall think fit shall be applied in pro. 
viding periodically and for such selected candidate as here- 
inafter mentioned a money prize to be called the “ Harrison 
Memorial Prize ” not exceeding in each case One hundred 
and fifty pounds which Prize shall be at the absolute disposal 
of the recipient free from any restriction The sum of One 
hundred pounds cash may be raised out of the corpus of 
the funds transferred to The Chemical Society and be treated 
as income of the Fund so as to be available for the provision 
of the Prize 


4. ANY income which in the opinion of The Chemical Society 


is not required for the provision of the Prize shall be in- 
vested so as to form an accretion to the corpus of the Fund 
with a view to meet the contingency of a reduction in the 
amount of income from time to time produced by the Fund 
but if in the opinion of The Chemical Society there is no 
reasonable probability of the income produced by the Fund 
being so reduced as to be insufficient to provide the Prize 
any such surplus income as aforesaid may be applied by 
The Chemical Society for such purpose having for its object 
the promotion of Chemical Research as having regard to 
the objects of the Trust The Chemical Society may think fit 
The recipient of the Prize shall be selected by a Committee 
consisting of the Presidents for the time being of The 
Chemical Society The Institute of Chemistry of Great 
Britain and Ireland of 30 Russell Square London The 
Society of Chemical Industry of 46 and 47 Finsbury Square 
London and The Pharmaceutical Society of 17 Bloomsbury 
Square London 

THE President of The Chemical Society shall be Chairman 
of the Selection Committee and the selection of the recipient 
of the Prize shall be by a majority vote of the Selection 
Committee the Chairman in case of equality of votes having 
a second or casting vote 

THE Prize shall be awarded to the chemist of either sex being 
a natural born British subject as for the time being defined 
by Statute and not at the time over thirty years of age 
who in the opinion of the Selection Committee shall during 
the previous five years have conducted the most meritorious 
and promising original investigations in Chemistry and 
published the results of those investigations in a scientific 

riodical or periodicals 

s CT to the condition that the Selection Committee 
shall be of opinion that there is a candidate of sufficient 
distinction to warrant an award of the Prize the first award 
shall be made in December One thousand nine hundred 


10. 


ll. 
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and twenty-three and in December of the third year reckon- 
ing from and exclusive of each year in which the Prize is 
in fact awarded the Prize shall subject to the same con- 
dition again be awarded [If in any year in which the Prize 
falls to be awarded the Selection Committee shall be of 
opinion that there is no such candidate as aforesaid the 
award of the Prize shall be deferred to the next following 
year or thereafter from year to year until the Selection 
Committee shall be of opinion that there is such candidate 
as aforesaid 

9. UPON every occasion when the Selection Committee shall 
meet for the purpose of selecting a candidate for the Prize 
it shall be reminded that the award is not limited to out- 
standing merit in any special branch of chemistry but that 
it is to be given for conspicuously meritorious work in any 
branch of chemistry pure or applied and further that it 
was intended by those who contributed to the Fund that 
the Prize should be regarded as an exceptional distinction 
to commemorate an exceptional man and to be conferred 
upon the young chemist who in the opinion of those best 
qualified to judge has made a notable addition to our know- 
ledge of chemistry 

10. THE Officers and Council of The Chemical Society in con- 
sultation with the Selection Committee shall decide whether 
any public announcement of an impending selection of a 
recipient of the Prize shall be made and if it is to be made 


shall determine the nature of the announcement 

11. THE Prize shall be presented by the President for the time 
being of The Chemical Society at an ordinary or special 
meeting of the Society as soon as possible after the announce- 
ment of the award and shall be accompanied by a Certificate 
or Medal (as shall be hereafter determined by The Chemical 
Society) to be provided out of the income of the Fund and 
which Certificate or Medal shall bear the name of him i 


memory of whom the Fund was founded 


IN WITNESS whereof The Chemical Society has hereunto 
caused its Common Seal to be affixed the Sixteenth day of November 
One thousand nine hundred and twenty-two 


THE COMMON SEAL of The Chemical 
Society was hereunto affixed in the 
presence of 


JAMES WALKER, President. 
JOCELYN THORPE, Treasurer. 
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Carbocyanines, isomeric (BRAUNHOL1Z), 
169. 

Carbodi-imides, condensation of hydro- 
chlorides of, with phenols (SHort and 
SmiTH), 1803. 

Carbon, reaction between nitrogen, sodium 
carbonate,and(INGOLvand WILson), 
2278. 

dioxide, rate of evolution of, from 
solution in presence of colloids 
(FrnpLAY and HowE Lz), 1046. 
disulphide, action of, with thallous 
re ere (MorGAN and Lep- 
pi 2892. 

Carbonyl chloride, adsorption of, by 
beechwood charcoal (BUNBURY), 1525. 

—— metallic (Monp and WALLIs), 


ae a of nitric oxide on (Monp and 
WALLIs), 32. 
Castela Nicholsoni, castelin from (Bos- 
MAN), 969. 
Castelagenin, C,H,,03. 
Castelamarin (Bosman), 970. 
Castelin, C,,H,.0,. 
a studies in (TayYLon and 
Lewis), 665 ; (Moran and Lewis), 
1613. 
role of protective colloids in (Irz- 
DALE), 1536. 
in fuller’s earth (RrpEAL and THoMaAs), 
2119. 
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Catalysis by ions, effect of a magnetic 
field on, in presence of a paramagnetic 
salt (GARNER and JACKMAN), 1298. 

— hydrogenation with reduced 
nickel (RIDEAL), 309. 

Catechin, C,,H,,0,. 

Catecholeamphorein, Oxo H 240g. 

Catecholsulphamphthalein, Cre H,,0;NS, 

Catechutannins (NIERENSTEIN), 23. 

Cathodes, mercury, overvoltage at (New. 
BERY), 7. 

Cellulose, viscosity of (JoyNEn), 1511, 

2395. 

reactions of, with sodium chloride and 
neutral salt solutions (Masters), 
2026. 

cotton, glucose from (IRVINE and 
Hirst), 1585. 

Cevadine, C,.H,,0,N. 

Cevine, C,,H,,0,N. 

Charcoal, adsorption of saturated vapours 

by (DRIVER avd Firtn), 2409. 
beechwood, adsorption of carbonyl 
chloride ‘by (Bunsury), 1525. 

Chemical constitution in relation to 

lubricating power (DovuBLEDAY), 


theory, réle of the physicist in develop- 
ment of (WALKER), 735. 
Chlorination with sulphuryl chloride 

(SILBERRAD), 1015. 

Chromioxalic acid, C,H,0,.Cr. 
Chromium trioxide, equilibrium ofsulphur 
trioxide, water, and (GILBERT, Buck- 

LEY, and Masson), 1934. 

Chromium organic compounds :— 

Chromic salts with azosalicylic acids 

(MorGAn and Smits), 2866. 
Cinchona alkaloids, stereochemistry of 
(Kine and PALMER), 2577. 
Cinchonidine, C,,H No. 
Cinchotoxine, C,,H,,ON>,. 
Citraconylhydrazides, isomeric (CHAT- 
TAWAY and Parks), 283. 
Coal, composition of (TipEsweLt and 
WHEELER), 2345. 
British, composition and analysis of 
(DRAKELEY), 221. 
Cobalt nitrosotricarbonyl (Monp and 
WALLIs), 34. 
Cobaltous chloride, equilibrium in the 
system, ammonium chloride, water, 
and (CLENDINNEN), 801. 
Hexamminocobaltic chloride, prepara- 
tion of (Morcan and Swir#), 
1970. 
Cobalt organic compounds :— 

Cobalt bases (cobaltammines), salts of 
(Durr), 450; (Morgan and 
Smits), 1956, 2866. 

of nitro-colouring matters (MoRGAN 
and Kine), 1728. 
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Cobalt lakes of the alizarin series 
(MorGAN and SmiTaH), 160. 
with quinoneoximes (Morcan and 
Moss), 2857. 
Colloids, effect of, on the rate of evolu- 
tion of carbon dioxide from solu- 
tion (FrnpLAy and Howe t), 
1046. 
protective, role of, in 
(IREDALE), 1536. 
effect of, on the corrosion of metals 
(FRIEND and VALLANCE), 466. 

Colour, dicyclic theory of (Morr), 1808. 

calculation of, of azo-colouring matters 
(Morr), 1555. 

Colouring matters, optically active 

(Stneu, Rat, and Lat), 1421. 

of the alizarin series (MORGAN and 
Sm1tTH), 160. 

from camphoric anhydride (Srrcar 
and Dutt), 1283. 

eyanine (Mitts), 455; (MILLS and 
BRAUNHOLTZ), 1489; (BrauNn- 
HOLTz and MILLs), 2004. 

from aa’-dicyanodibenzyl 
(Durt and SEN), 2663. 

from phenanthraquinone (S1rcaR and 
Dott), 1944; (Durr), 1951. 

red sulphide (WaTson and Dut), 
1939, 2414. 

from ‘‘saccharin ” (DutTr), 2389. 

from 1:2:4:5-tetrahydroxybenzene 
(MuKER3J1), 545. 

nitro-, cobaltammines of (MoRGAN and 
Kine), 1723. 

Combustion of mixed gases (PAYMAN 
and WHEELER), 363. 

spiroCompounds, formation and stability 
of (Kon), 513; (DickEns, Kon, and 
THORPE), 1496 ; (BrrcH and THorPsE), 
1821. 

Co-ordination and _ residual affinity 
(MorGAN and SMITH), 160, 1956, 
2866; (MorGAN and Drew), 922; 
(MorGan and Kine), 1723; (Morean, 
Drew, and BARKER), 2432 ; (MoRGAN 
and Moss), 2857; (MorGan and 
LEDBURY), 2882. 

Copper, action of ammonium nitrate 
and aqueous ammonia on (BASssETT 
and DuRRANT), 2630. 

peroxides (ALDRIDGE and APPLEBEY), 
238. 

Cupric chloride, reaction of hypo- 
phosphorous acid with (MIrT- 
OHELL), 1624. 

tetrammine nitrate 


catalysis 


diketone 


and nitrite, 


properties of (BassETT and Dur- 
RANT), 2630. 

alkali sulphates, dissociation pres- 
sures of (CAVEN and FERGUSON), 
1406, 
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Copper :— 
Cuprous bromide and chloride, pho- 
totropy of (SineH), 782. 
chloride, preparation of, and its 
oxidation by sulphur dioxide 
(WaRDLAW and PINKARD), 
210. 
action of sulphur on (PINKARD 
and WARDLAW), 1300. 
Cuprates (ALDRIDGE and APPLEBEY), 
242, 


Copper, estimation of, iodometrically, in 
presence of iron (WARK). 358. 

Corchorus capsularis (jute), glucoside 
from the leaves of (SaHA and Cuoup- 
HURY), 1044. 

Corrosion of metals, retardation of, by 
protective colloids (FRIEND and VAL- 
LANCE), 466. 

Coumaranone series, studies 
(MrInTON and STEPHEN), 1598. 

Cryptal, C,)H,,0. 

Crystals, structure of (BraGG), 2766. 

Cuminaldehyde, C,,.H,,0. 

Cuprates, Cupric, and Cuprous salts. 
See under Copper. 

Cyanamides, condensation of hydro- 
chlorides of, with phenols (Sort and 
SmirH), 1803. 

Cyanines, thio-, tautomerism of (MILLS 
and BRAUNHOLTZ), 1489. 

isoCyanines, brominated (MovupcIL1), 
1509. 

Cyanine colouring matters (MILLs), 445 ; 
(Mitts and BRAUNHOLTZ), 1489; 
(BRAUNHOLTz and Mitts), 2004. 

Cyclic compounds, formation of, from 

halogenated open-chain derivatives 
(CHANDRASENA and INGOLD), 1306 ; 
(IncoLpD), 2676. 

tautomerism of, with open-chain 
isomerides (Kon, STEVENSON, and 
TuHorpre), 650. 

halogen derivatives, absorption spectra 
of (GRAHAM and MacsrErn), 2601. 


in the 


D. 


Dialkyl sulphides, chloro- (PopE and 
SmitnH), 1166. 
Diamminodinitro-oxalatocobaitic 
C,H,O,N,Co. 
Dianthroue, 3 : 3’-dihydroxy-, C,H ,,0,. 
Dianthryl, 2: 2’-dihydroxy-, C,H j,0,. 
Diazo-reaction in the carbazole series 
(MorGAN and Reap), 2709. 
Diazonium salts, interaction of phenols 
and (CHATTAWAY and Hit), 2756. 
Dibenzoylmethanes, selenium (MorGAN, 
Drew, and BARKER), 2464. 
Dicyanodiamide, C,H,N,. 


acid, 
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Dieckmann reaction (Kon), 513. 
Dieckmann-Komppa reaction (DIcKENs, 
Kon, and THORPE), 1496. 
Diethylenediaminecobaltic bromides, 
complex, conductivities of (DuFF), 450. 
gem-Diethy] ps, effect of, on the 
carbon tetrahedra! angle (DESHAPANDE 
and THORPE), 1430. 
Dihydronaphthalene series (Rowr and 
Davigs), 1000. 
8-Diketones, interaction of selenium 
tetrachloride and (Morcan, Drew, 
and BARKEr), 2433. 
action of carbon disulphide on thallous 
compounds of (MorGan and Lep- 
BURY), 2892. 
Dimethylglyoxaline, C;H,N;. 
a-Dinaphthaxanthens, substituted, oxi- 
dation of (Sen-Gurra and Tucken), 
557. 
Disaccharides, constitution of (HAWorTH 
and Leircn), 1921. 

Dispersion, rotatory, of organic com- 
pounds (Lowry and Currer), 532. 
Distillation, separation of miscible liquids 

by (Durron), 306. 
1 ketones, benzopyrylium salts of 
(Buck and He1LBron), 1198. 
Disulphides, aromatic, action of sul- 
phuric acid on (SMILEs and McC.iEt- 
LAND), 36. 
p-Disulphidobenzoic acid, C,,H,,0,S,. 


Dopplerite (TIDESWELL and WHEELER), 
2345. 

Drying, change of properties of sub- 
stances on (BAKER), 568. 


E. 


Elements, artificial disintegration of 
(RuTHERFoRD), 400. 

Enzymes :— 

Amylase. 

Equilibria in systems of water and 
alcohols (PusHIN and GLAGCLEVa), 
2813. 

Esters, velocity of saponification of 
(McComsiz, Scarsoroven, and 
SETTLE), 2308. 

interchange of alcohol radicles in 
(SHtmomuRA and CoHEN), 883, 
2051. 

action of hydrazine on the halogen 
derivatives of (Hirst and MacserH), 
2169. 

Ethers, /ithio-, formation and properties 
of (NAIK and AVASARE), 2592. 

C-Ethylacetylacetones, selenium (Mor- 
GAN, Drew, and Barkkk), 2460. 

Ethylhydrocupreidine, C,,H,,0,N,. 

Ethylhydrocupreine, C,,H,,0,N,. 
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Eucalyptus oil, aromatic aldehydes ip 
(PENFOLD), 266. 

Explosion of mixed gases (CAMPBELL), 
2483. 

Explosives, high, velocity of decompo. 
sition of, in a vacuum (FARMER), 174. 


F. 


Fats, saponification of (Norris and 
McBary), 1362. 

Ferric salts. See under Iron. 

Ferrioxalic acid, U,H,0,,Fe. 

Flame, propagation of, in mixtures of 
air with gases( PAYMAN and WHEELER), 
363 ; (WHITE), 1244, 1688, 2561. 

Flash point, apparatus for determination 
of (WRIGHT), 2247. 

Friedel and Crafts’ reaction, use of iron 
pyrites in (SMYTHE), 1270. 

Fuller's earth, adsorption and catalysis 
in (RipEAL and THoMas), 2119. 

Fulminic acid, C,H,0,;N;. 


G. 


Gambier-catechincarboxylic 
Cy, 105. 

Gases, specific heat of (INGoLD and 

UsHERWOOD), 2286. 
mixed, explosion of (CAMPBELL), 
ignition of (PAYMAN and WHEELER), 
363 ; (WHITE), 1244, 1688, 2561; 
(Mason and WHEELER), 2079. 
Gelatin, isoelectric condition of (RAwL- 
ING and CLARK), 2830. 
thermal expansion of gels of (TAFFEL), 
1971. 
solubility of 
Swan), 1237. 

Glucamine, C,H,,0,;N. 

Glucinum (beryl/ium) sulphate, equili- 
brium of ammonium sulphate, water, 
and (Britton), 2612. 

Glucosamine, C,H,,0;N. 

Glucosides, studies on (Macpetru and 

PRYDE), 1660. 
See also :— 
Amygdalin. 
Capsularin. 
Castelin. 
Indican. 
Pelargonenin. 
Pelargonin. 

Glutaconic acids, addition of hydrogen 
cyanide to derivatives of (Hore and 
SHELDON), 2223. 

esters, self-condensation of (INGOLD, 
PERREN, and T'HoRPs), 1783. 

Glutaric acids, a88-trialkylated, pre- 

paration of (Kon and THoRPs), 1795. 


acid, 


(FAIRBROTHER and 


ydes in 
PBELL), 


COM po. 
R), 174, 
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res of 
ELER) 
l 


” 
nation 
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alysis 


Glutaric acid series, esters of the, 
Dieckmann reaction with (Kon), 513. 


ioHematin, C,H 9;. 

Halogens, elimination of, in the reduc- 
tion of halogenated nitro-compounds 
(BuRTON and KENNER), 675. 

Halogen atoms, lability of, in organic 
compounds (HENDERSON and Mav- 
BETH), 892 ; (Hirst and MAcBETRH), 
904, 2169; (GRAHAM and Mac- 
BETH), 1109, 2601; (Macsern), 
1116; (Buack, Hirst, and Mac- 
BETH), 2527. 

hydrides, formation and dissociation 
of, in aqueous solution (RAY and 
SARKAR), 1449. 

Halogen organic compounds, action of 
ammonia and of titanous chloride 
on (BLacK, Hirst, and Macseru), 
2527. 

containing nitrogen, action of hydr- 
azine on (Hirst and MAcsErs), 904. 

Haloids, inorganic, interaction of organo- 
metallic compounds with (CHat- 
LENGER and Ripe@way), 107. 

Harmaline, C,,H,,ONg. 

Harmine, Cy.H9N¢- 

Harrison Memorial, 2894, 2917. 

Heat, specific, of gases (INGoLD and 
UsHERWOOD), 2286. 

Heterocyclic compounds, effect of sub- 
stitution on the formation and sta- 
bility of (INGoLD, SAKo, and THorPr), 
1177. 

Hexadecanesulphonic acid, C,,H,,0,S. 

Hexahydrodioxydiboron. See under 


Boron. 
Hexamminocobaltic chloride. See under 
Cobalt. 
cycloHexanes, substitnted, action of 


hydrazine on halogen derivatives of 
(Hirst and MacBEtR), 2169. 
Homoterpenylic acid, C,H,,0,. 
Hydantoins, effect of substitution on 
the formation and stability of (IN- 
GoLp, Sako, and THorpPr), 1177. 
Hydrazones (Brapy and McHven), 
1648. 
Hydrocarbons, paraffin, catalytic oxida- 
tion of (SALWAY and WILLIAMS), 1343. 
Hydrocinchonidine, C,,H,,ON,. 
Hydrocinchonine, C,,H.,ON3. 
Hydro-ferri- and -ferro-cyanides of or- 
ganic bases (CUMMING), 1287. 
Hydrogen, specific heat of (INGoLD and 
UsHERWOOD), 2286. 
properties of, when desorbed from 
platinum and palladium (ANDER- 
son), 1153. 
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Hydrogen, formation and dissociation 
of polyhalogen compounds of, in 
aqueous solution (RAY and SARKAR), 
1449, 

peroxide, catalytic decomposition of, 
by finely-divided platinum (Max- 
TED), 1760. 

Hydroquinidine, Cap H2g02No.- 

Hydroquinine, C.)9H.,.0.N >. 

Hydroxy-acids, action of potassium 

iodide and iodate on (KRISHNA and 
PoPE), 798. 

Hypophosphorous acid. See under Phos- 

phorus. 


I. 


Ignition of gases (PAYMAN and 
WHEELER), 363; (WHITE), 1244, 
2561; (Mason and WHEELER), 
2079. 

of mixtures of ammonia with air and 
oxygen (WHITE), 1688. 

Imino-aryl ethers (CHAPMAN), 1676. 

Indene, C,H,. 

Indican, Cally :OeN- 

Indicator, modified methyl orange 

(HickMAN and LinsTEAD), 2502. 

Inulin, constitution of, and its methyl- 

ation (IRVINE, STEELF, and SHAN- 

Non), 1060. 

Iodine, action of sulphurous acid with 

(MacavuLAY), 552. 

Iron, rate of solution of, in dilute 
sulphuric acid (FRIEND and Den- 
NETT), 41. 

pentacarbonyl and _nitrosocarbonyl 
(Monp and WALLIS), 30, 35. 

Ferric hydroxide, adsorption of radium 

-Band -C by(Cranston and Hur- 
TON), 2843. 

sulphates, equilibrium of formation 
of (ApPLEBEY and WILKEs), 337. 

Ferrous chloride, equilibrium in the 
system, ammonium chloride, water, 
and (CLENDINNEN), 801. 

Iron organic compounds :— 

Ferric salts of 1:2:3:4-benzodi- 
quinone-1 ; 3-dioxime (MORGAN and 
Moss), 2857. 

Iron, estimation of, iodometrically in 

presence of copper (WaRK), 358. 

Iron pyrites. See Pyrites. 


J. 


Jute. See Corchorus capsularis. 


K. 


Ketones, interaction of thiocarbamides 
and (TAYLOR), 2267. 
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Ketones, unsaturated, reactivity of 
(Buck and HEILBRON), 1095. 
dithio-, formation and properties of 
(Naik and AVASARE), 2592. 


L. 


Laurie acid, C,,H,,0,. 
Lead, vapour-pressure curve of (INGOLD), 
2419, 
oxides, physical chemistry of (G1LAs- 
STONE), 58, 1456, 1469, 2091. 
monoxide, isomerism of (APPLEBEY and 
REID), 2129. 
hydrates of (GLASSTONE), 58. 
dioxide, electromotive properties of 
(GLASSTONE), 1469. 
sesquioxide (GLASSTONE), 1456. 
Triplumbic (¢etroxide (GLASSTONR), 
1456. 
Lead organic compounds (GoppARD, 
ASHLEY, and Evans), 978. 
action of thallic chloride on (D. and 
A. E. Gopparp), 260. 

Lectures, delivered before the Chemical 
Society (RUTHERFORD), 400; (GrEG- 
ory), 750; (Brace), 2766. 

Light, molecular scattering of, in 2- 
pentane (VENKATESWARAN), 2655. 

Linseed oil, oxidation of (Corrry), 18. 

Liquids, change of properties of, on 

drying (BAKER), 568. 

adsorption of, by charcoal (Driver 
and Firts), 2409. 

mixed, separation of, by distillation 
(DuFron), 306. 

Lubrication, boundary, in relation to 
chemical constitution (DouBLEDAY), 
2875. 

Luteocobaltic chloride. See Hexam- 
minocobaltic chloride under Cobalt. 


Magnesium nitrate, equilibrium of, 
with sodium nitrate and water and 
magnesium sulphate and water 
(JACKMAN and Browne), 694. 

sulphate, equilibrium of ammonium 
and potassium sulphates, water, 
and (WEsTon), 1223. 
equilibrium of magnesium nitrate, 
water, and (JACKMAN and 
BROWNE), 694, 

Magnetic field, effect of a, on catalysis 
by ions (GARNER and JACKMAN), 
1298. 

Malonic acids, bromo-, esters, action of 
hydrazine on (Hirst and Macsets), 
904, 
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Malonic acids, halogen-substituted, 
absorption spectra of derivatives of 
(GRAHAM and MaceeTs), 1109. 

Malonyl derivatives, halogenated, 
quantitative reduction of, by 
hydriodic acid (Wxst), 2196. 

Maple, Korean. See Acer ginnala, 

Mercaptans, action of chloropicrin with 
(RAy and Das), 328. 

Mercury chlorides, action of sulphur 
dioxide on (STEWART and WARDLaw), 
1481. 

Mercury organic compounds (Henry 

and SHarp), 1055. 
mercaptide nitrites, and their deriy- 
atives (RAy), 1281. 
Mercury cathode. See Cathode. 


Metallic carbonyls (Monp and WALLis), 
29. 


action of nitric oxide on (Monp and 
WALLIs), 32. 
oxides, isomerism of (APPLEBEY and 
Rerp), 2129. 
salts, reactions of, with dimethyl- 
dithiolethylene (MorGAN and Lep- 
BURY), 2882. 
Metals, corrosion of, influence of pro- 
. tective colloids on (FRIEND and 
VALLANCE), 466. 
Methyl groups, reactivity of, in hetero. 
cyclic bases (MILLS and SmirH), 2724, 
Methyl-orange, C,,H,,0,N,S. 
Methylstannonic acid, formula and con- 
stitution of (LAMBOURNE), 25338. 
Mobility of symmetrical tautomeric triad 
systems (INGOLD and Piacort), 2381. 
Molecular weights, determination of, in 
alcoholic solution by means of the 
flash-point elevation (WRtIcHT), 2247. 
Molybdenum carbonyl (Monp and 
WALLIs), 29. 
Muscarine, isolation of, from Amanita 
muscaria (KiNG), 1748. 


N. 


Nalita (SAHA and Cuoupnury), 1044. 
Nickel, catalytic hydrogenation with 
(RIpDEAL), 309. 
chloride, equilibrium in the system, 
ammonium chloride, water, and 
(CLENDINNEN), 801. 
Nitro-compounds, aromatic, removal of 
halogen atoms from (MacseErs), 
1116. 
halogenated, reduction of (BuRToY 
and KENNER), 675. 
Nitrogen atom, structure of the (Mor), 
1808. 
explosion of acetylene and (GARNER 
and Matsuno), 1729. 
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Nitrogen, reaction between carbon, 
sodium carbonate, and (INGOLD 
and WILsoN), 2278. 

dioxide (nitric oxide), action of, on 
metallic carbonyls (Monp and 
WALLIS), 32. 

Nitrogen compounds, photosynthesis of 
(Baty, HEILBROoN, and Huwpsoy), 
1078. 

Nitroprussic acid, C;H,ON,Fe. 


0. 


Obituary notices :— 
Ganesh Sakharan Agashe, 745. 
James Robert Appleyard, 2898. 
Adrian Brown, 2899. 
William Gowland, 2907. 
Philippe Auguste Guye, 2909. 
Edward William Taylor Jones, 746. 
William Kellner, 2912. 
George William Macdonald, 2913. 
John Spiller, 748. 
Lionel William Stansell, 2916. 

Oils, saponification of (Norris and 
McBarn), 1362. 

drying, oxidation of (Correy), 17. 

Oleic acid, Cy,Hs,0g. 

Orcinolsulphamphthalein, C,,H,,0;NS. 

Ores, genesis of, in relation to geo- 

graphical distribution (GrEGorRY), 750. 

Organic compounds, rotatory dispersion 

of (Lowry and CutTrEr), 532. 

lability of halogen atoms in (HENDER- 
son and MAcBETR), 892 ; (Hirst 
and MAcBETH), 904, 2169; (Gra- 
HAM and MacBETB), 1109, 2601 ; 
(MacseEtH), 1116; (Biack, Hirst, 
and MAcBETH), 2527. 

preparation of bromo-derivatives of, 
without production of hydrogen 
bromide (Gupra and THORPE), 1896. 

estimation of thallium in (A. E. and 
D. GopparpD), 488. 

Organo-metallic compounds, preparation 
of (GoppARD, ASHLEY, aud Evans), 
978. 

interaction of, with inorganic haloids 
(CHALLENGER and Ripeway), 107. 

Overvoltage (NEWBERY), 7. 

Oximes, isomerism of (Brapy and 
THomAs), 2098. 

N-Oximino-ethers (BARROW, GRIFFITHS, 
and Boom), 1713. 

Oxygen, ignition of mixtures of ammonia 
and (WHITE), 1688. 


P. 


Palladium, properties of hydrogen 
desorbed from (ANDERSON), 1153. 
Palmitic acid, CygH 20x. 
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Paraffins, nitro-, absorption spectra of 
(GRAHAM and MAcBETH), 1109. 
substituted, reduction of, with 
titanium salts (HENDERSON and 
Macsetn), 892. 

Paraffin wax, composition of (FRANCIS), 
496 ; (Francis, WATKINS, and WAL- 
LINGTON), 1529, 2804. 

Paullinia tannin, Cy,H 3,049. 

Pelargonenin (CURREY), 322. 

Pelargonin, C,H ,0;;. 

Pelargonium, scarlet, colouring matter 
of the (CURREY), 319. 

cycloPentane compounds, effect of 
attached groups on ring formation in 
(CHANDRASENA and INGOLD), 1552. 

Phellandral, C,,H,,0. 

Phenanthraquinone colouring matters 
(StrcaR and Dutt), 1944; (Dvurt), 
1951. 

Phenanthrene, ©,,H4. 

Phenols, introduction of the chloroethyl 
group into (CLEMO and PERKIN), 
642. 

condensation of, with hydrochlorides 
of cyanamides and carbodi-imides 
(SHort and Smits#), 1803. 

interaction of diazonium salts and 
(CHATTAWAY and HILL), 2756. 

sulphonation of (CAMPBELL), 847. 

Phenols, triiodo-, preparation of, from 
hydroxy-acids (KRISHNA and Pope), 
798. 


nitro-, metallic derivatives of (D. and 
A. E. Gopparp), 54; (Gopparp 
and WARD), 262. 
Phenolcamphorein, C,,H,,.0,. 
Phenolsulphamphthalein, C,,H,,0,NS. 
Phenyleyanourethane, C,)>H,,0,N,. 
m-Phenylenediaminecamphorein, 
CygH,503N3. 
Phenylsuccinyleosin, C,,H,,0,;Br,. 
Phloroglucinolcamphorein, \,,H,.,0,. 
se 
CypH30,NS. 
Phosphazines, 
HOLTZ), 300. 
Phosphorus chlorides, action of, on 
chlorodimethyldihydroresorcinol 
(HINKEL and WILLIAMs), 2498. 
pentoxide (phosphoric oxide), purifi- 
cation of (FINcH and Perro), 692. 
treated with ozone, use of, as a 
drying agent (MANLEY), 331. 
Hypophosphorous acid, studies on 
(MITCHELL), 1624. 
Phosphorus organic compounds (BRAUN- 
HOLTZ), 300. 
Photocatalysis (BALY, HEILBRON, and 
Hupson), 1078. 
Photography, new sensitiser for (MILLS 
and Popr), 946. 


reactions of (BRAUN- 
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Phototropy of metallic salts (Sincu), 
782. 
Physicist, réle of the, in development 
of chemical theory (WALKER), 735. 
Picrorocellin, Cy)>5H.0,N¢. 
Piperitone, C,,H,,U. 
Platinum, properties of hydrogen de- 
sorbed from (ANDERSON), 1153. 
catalytic decomposition of hydrogen 
peroxide by (MAxTED), 1760. 
salts, hydrolysis of (ARCHIBALD and 
GALE), 2849. 
Polarity, induced, of atoms (LAPWoRTH), 
415 ; (KeRMACK and Roprnson), 427. 
Polycyclic gg chemistry of, in 
relation to their homocyclic unsatu- 
rated isomerides (FARMER, INGOLD, 
and THORPE), 128; (CHANDRASENA, 
INGOLD, and THuRPE), 1542. 
e-Polyoxymethylene (HAMMICK 
BoEREz), 2738. 
Polysaccharides, constitution of (InviNE, 
STEELE, and SHANNON), 1060; (IRVINE 
and Hirst), 1585. 
Potassium platinibromide, hydrolysis of 
(ARCHIBALD and GALE), 2849. 
jodate and iodide, action of, on 
hydroxy-acids (KRISHNA and Pore), 
798. 
sulphate, equilibrium of aluminium 
sulphate, water, and (Brirron), 
982. 
equilibrium of ammonium and 
magnesium sulphates, water, and 
(Weston), 1223. 
isoPropylstannonic acid, C,H,0,Sn. 
Pyridinium salts (BARNETT and Cook), 
792, 


and 


Pyrites, use of, as a catalyst in Friedel 
and Crafts’ reaction (SMYTHE), 1270. 

Pyrogalloleamphorein, C,,H.,.0,. 

Pyrylium salts, synthesis of (Pratr and 
Roptnson), 1577. 


Q. 


Quinoleamphorein, C,.H,.90;. 
zsoQuinoline-red, CoH 19 N 2Cl . 
Quinolsulphamphthalein, 


Quinotoxine, CyH,,0,N>. 


hydroxy-, 


Racemisation of optically active acid 
amides (McKENzI£ and SMITH), 1348. 

Radium content of British coal (DrAKr- 
LEY and SmirTnH), 237. 

Radium-B and -C, adsorption of, by 
ferric hydroxide (CRANSTON and 
Hutton), 2843. 


INDEX OF SUBJECTS. 


Resorcinolcamphorein, C,,H,,0,. 
Resorcinolphenylsuccinein, (',,H,,0,. 
Resorcinolsulphamphthalein, 

Rings, four-membered, additive forma. 
tion of (INGOLD and Piecortrt), 2793, 
Roccella fuciformis, picrorocellin from 

(Forster and SAVILLE), 816. 
Rotation, optical, of sugars (MALTBy), 
2608. 
Rotatory dispersion. See Dispersion. 
Ruthenium carbonyls (Monp and Wat. 
Lis), 30. 


Sahbinene, C,,H,,. 

‘** Saccharin,” C,H,O,NS. 

Salts. complex, crystallography and 

optical properties of (KNAGGs), 2069. 
Selenium ¢etvachloride, action of, with 
B-diketones (MorGan, Drew, and 
BARKER), 2433. 
Selenium organic compounds (Moreay, 
Drew, and Barker), 2448. 

Semicarbazones, action of amines on 
(Witson, Hopper, and CRawForpD), 
866. 

thio-, reactions of 
Burns), 870. 
Silicon dioxide, action of sodium chloride 
with (CLEws and THompson), 1442. 
Silver bromide, action of light on (Har- 
TUNG), 682. 

Soap solutions, constitution of (McBarn, 
TAY Lor, and Lane), 621; (FLECKEK 
and TayLor), 1101; (Norris), 
2161. 

effect of electrolytes on the constitu- 
tion of (SALMON), 711; (McBain 
and BuRNET?), 1320. 
ultra-filtration of (McBaIn and 
JENKINS), 2325. 
Sodium carbonate, equilibrium of sodium 
sulphate, water, and (DAWKINS), 
776. 
reaction between nitrogen, carbon, 
and (INGoLD and Wzg1soy), 
2278. 
chloride, equilibrium of ammonium 
nitrate and (PERMAN), 2473. 
equilibrinm of sodium laurate, water, 
and (McBain and Burnett), 
1320. 
reactions of cellulose with (Mas- 
TERS), 2026. 
action of silica with (CLEws and 
TuHompson), 1442. 
chloride and sulphate, equilibrium of, 
with ammonium chloride and sul- 
phate and water (RIvETT), 379. 


(Witson and 


INDEX OF SUBJECTS. 


f§odium nitrate, equilibrium of am- 
monium nitrate with (EARLY and 
Lowry), 963. 
equilibrium of magnesium nitrate, 
water, and (JACKMAN and 
Browne), 694. 
sulphate, equilibrium of sodium carbon- 
ate, water, and (DAwk ns), 776. 
Solution of substances in mixtures of 
alcohol and water (WRIGHT), 2251. 
Solvents, influence of, on the velocity of 
formation of quaternary ammonium 
compounds (HawkKINs), 1170. 
mixed, velocity of reaction in (CAsu- 
MORE, McComsBiz, and Scar- 
BOROUGH), 243 ; (McComriilg, Scar- 
BOROUGH, and SETTLE), 2308. 
Spectra, absorption, of bromomalonic 
derivatives and _  nitroparaffins 
(GRAHAM and MacsBrrH), 1109 
of halogen derivatives of cyclic 
compounds (GRAHAM and Mac- 
BETH), 2601. 
Stannic acid and salts. See under Tin. 
Stannous oxide. See under Tin. 


Succinic acids, substituted, syntheses of 
(HIGGINBOTHAM and LApworrts). 49 ; 
(LAPWORTH 
2741. 

Sugars, optical rotation of (MALrBy), 
2608. 


and McRae), 1699, 


Sulphamphthaleins (DutTr), 2389. 

Sulphide colouring matters, red (War- 
son and Dutt), 1939, 2414. 

Sulphilimines (MANN and Pope), 1052. 

p-Sulphinobenzoic acid, C,H,0,S. 

Sulphonamides, aliphatic (CLUTTERBUCK 
and CoHEN), 120.- 

Sulphonation of phenols (CAMPBELL), 
847. 

Sulphonic acids, o-amino-, aromatic, 
condensation of isocyanic acid with 
(Scorr and CoHEN), 2034. 

Sulphonyl chlorides, aromatic (Srew- 
ART), 2555. 

Sulphur, action of, on cuprous chloride 

(PINKARD and WARDLAW), 1300. 
Sulphuryl chloride, chlorination of 
benzene with (SILBERRAD), 
1015. 
action of, on organic compounds 
(Durrans), 44. 
Sulphur dioxide, oxidising properties o' 
(WARDLAW and PINKARD), 210. 
oxidising and reducing properties 
of (STEWART and WARDLAW), 
1481. 
trioxide, equilibrium of chromium t1i- 
oxide, water, and (GILBERT, Buck- 
Ley, and Masson), 1934. 
Sulphurous acid, autoreduction of 
(BENNETT), 1794. 
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Sulphur :— 

Sulphurous acid, action of iodine 
with (MacauLay), 552. 

Sulphites, alkali hydrogen, equilibria 
in aqueous solutions of (BALY and 
BAILEY), 1813. 

Sulphuric acid, properties of mixtures 
of ethyl ether, water, and 
(Pounp), 941. 

action of, with aromatic disulphides 
(SMILEs and McCLELLAND), 86. 

Sulphates, double hydrated, dissocia- 
tion pressures of (CAVEN and FrEr- 
GusON), 1406. 

Sulphur organic compounds (MANN and 

Pope), 1052. 

Sulphuric and Sulphurous acids. Sec 
under Sulphur. 

Sulphuryl chloride. See under Sulphur. 

Surface tension, measurement of (Suc- 

DEN), 858. 

Systems, symmetrical tautomeric triad, 
mobility of (INGoLD and Piccort), 

2381. 


T. 


Tannins from Acer ginnala (PERKIN and 
Uyvepa), 66. 
catechu (NIERENSTEIN), 23. 
Tautomerism of dyads (UsHERWoOoD), 
1604. 
intra-annular (FARMER, INGOLD, and 
THORPE), 128. 
ring-chain (Kon, STEVENSON, and 
THORPE), 650; (DESHAPANDE and 
THORPE), 1430; (INGoLD, PERREN, 
and THORPE), 1765. 
Teraconic acid, C,H 199,. 
Thallium compounds, studieson(BERky), 
394, 
chlorides, action of, on organo-metallic 
compounds (D. and A. E. Gop- 
DARD), 256. 

Thallium organic compounds (Gop- 
DARD), 36; (A. E. and D. Gopparp), 
256, 482. 

Thallium, estimation of, in organic com- 
pounds (A. E. and D. Gopparp), 
488. 

Thapsic acid, C,,H390,. 

Thiocarbamides, interaction of aldehydes 
or ketones with (TaAYLok), 2267. 

Thorium, adsorption of, by basic ferric 

acetate (Brown), 1736. 

oxide, reduction of, by metallic tung- 
sten (GENERAL Evgcrric Co.), 
2236. 

Tin :— 

Stannous oxide and its hydrates, pre- 
paration and reactions of (Bury 
and PARTINGTON), 1998. 
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Tin :— 
Stannic hydroxide, amphoteric pro- 
perties of (CoLLINs and Woop), 441. 
Stannic acids, isomerism of (CoLLINS 
and Woop), 441. 
action of hydrochloric acid on 
(CoLtins and Woop), 1122. 
action of alkali hydroxides on (CoL- 
LIns and Woop), 2760. 


Tin organic compounds (GopDARD, ASH- | 


LEY, and Evans), 978; (Drvuce), 1861. 
Titanium salts, reduction of nitro- 
paraffins with (HeNpERsON and 
MACBETBR), 892. 
Titanous chloride, action of, on halogen 
organic compounds (BLAcK, Hirst, 
and Macsetn), 2527. 
Triazo-group (Forster and SAVILLE), 
2595. 
Tropic acid, C,H,,0,. 


Tungsten, reduction of thorium oxide by | 


(GENERAL E.Ectric Co.), 2236. 


U 


Ultra-filtration (McBaArIN and JENKINs), 
2325. 

Unsaturated compounds, formation of; 
from halogenated open-chain deriv- 
atives (CHANDRASENA and INGOLD), 
1306 ; (INGoLD), 2676. 


homocyclic, chemistry of polycyclic 
compounds in relation to isomeric 
(FARMER, INGoLD, and THorpe), 
128 ; (CHANDRASENA, INGOLD, and 
THORPE), 1542. 


INDEX OF 


SUBJECTS. 


Uranium-X, adsorption of, by basic 
ferric acetate (Brown), 1736, 


Vv. 


| Valency, theories of (LAPwoRTH), 416; 


(KERMACK and Rosrnson), 427. 

Vapour pressure at high temperatures 
(INGOLD), 2419. 

Velocity of reaction in mixed solvents 
(CasHMoRE, McComsir, and Scirp. 
BOROUGH), 243; (McComBrg, Scar. 
BOROUGH, and SETTLE), 2308. 

Velocity of saponification of esters 

(McComBiz, SCARBOROUGH, ani 
SETTLE), 2308. 

of oils and fats (Norris and McBaty), 
1362. 


w. 


War Memorial, unveiling of, 2894. 


| Water, surface tension of mixtures of 


alcohol and (BrrcUMSHAW), 887. 
Wax, paraffin. See Paraffin wax. 


x. 


Xanthorocellin, C,,H,,0,N>. 
Xylene cyanole-/'/’, (,;H,s0,N,S,Na, 


), 416; 
a 
ratures 
olvents 
Sc Re 
Scar. 


esters 
» and 


Baty), 


. 
ires of 


j 


FORMULA INDEX. 


Tue following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexikon der Kohlenstoff-Verbindwngen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, 8S, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, 
(, group, etc. ). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 


Salts are placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances, 


C, Group. 

CH, Methane, ignition of mixtures of atmospheric air and (Mason and WHEELER), 
2079; synthesis of the polyacetic acids of (INcoLD and PERREN), 1414; 
(INGOLD and NICKOLLs), 1638. 

CS, Carbon disulphide, action of, with thallous 8-diketones (MorGAN and LEp- 
BURY), 2892. 

1 II 


CHN Hydrocyanic acid, tautomerism of (UsHERWoop), 1604. 

CH,0, Formic acid, catalytic decomposition of, on platinum and silver (TINGEY 
and HINsHELWooD), 1668 ; alkali salts, solubility of, in water (SipGwick and 
GENTLE), 1837. 

CH,O Methyl alcohol, equilibrium in the system, water and (PusHin and 
GLAGOLEVA), 2813; purification of, by means of sodium hypochlorite 
(MENzIEs), 2787. 

COC], Carbonyl chloride, adsorption of, by beechwood charcoal (BUNBURY), 
1525. 


1 Ill 

CHON isoCyanic acid, condensation of, with aromatic o-aminosulphonic acids 
(Scorr and ConEn), 2034. 

CH,ONa Sodium methoxide, action of, on benzophenone chloride and benzyl 
idene chloride (MACKENZIE), 1695. 

CH,ON, Carbamide, estimation of, with sodium hypobromite (WERNER), 2318. 

CH,N,S, Dithiocarbazinic acid, salts, decomposition of (LosaANITCH), 2542. 

CH,NCl Methylammonium chloride, action of dicyanodiamide with (WERNER 
and BELL), 1790. 

CO,NC], Chloropicrin, action of, with mercaptans (RAy and Das), 323. 


C, Group. 
C,H, Acetylene, explosion of nitrogen and (GARNER and Matsuno), 1729. 
C,H, Ethylene, catalytic hydrogenation of, with nickel (RmpEAL), 309. 
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2 I 

C.H,O, Oxalic acid, lead diphenyl salt (Gopparp, AsHLEY, and Evans), 981, 

C,H,0, Acetic acid, alkali salts, solubility of, in water (SipGwick and GrnTiR), 
1837 ; basic ferric salt, adsorption of radioactive substances by (Brown), 1736, 

C.H,N, Dicyanodiamide, action of, with methyl- and dimethyl-ammonium 
chlorides (WERNER and BELL), 1790. 

C.H,S, Ethylene merceptan, reaction of, with mercuric nitrite and ethy| 
iodide (RAy), 1282. 

C,H,I Ethyl iodide, reactions of, with triethylene tetrasulphide and with 
ethylene mercaptide nitrite (RAY), 1282. 

C.H,O Ethyl alcohol, solubility of substances in mixtures of water and 
— 2251; surface tension of mixtures of water and (BIRcUMSHAw), 

CHM, Methylguanidine, preparation of, and its salts (WERNER and BzEt1), 


C,0,Ru Ruthenium carbonyl (Monp and WALLIs), 30. 


2 Ill 

C.HO,Cl, Trichloroacetic acid, lead dipheny! salt (Goppa1 . 

Evans), 981. 
C.H,Cl,As §8-Chlorovinyldichloroarsine (MANN and Pops), 1754. 
C,H,N,S, 2:5-Dit hiol-1:3:4-thiodiazole (Losaniren), 2544. 
C.H,CIS s8-Chloroethyl mercaptan (BENNETT), 2145. 
C,H,OS Thioethyleneglycol, and its metallic mercaptides (BENNETT), 2139, 
C,H,N,S, Dithiocarbazinic thio-anhydride (Losanircn), 2543. 
C.H,OT] Thalliumdimethyl hydroxide, salts of (Goppaxp), 37. 
C,H,NC1 Dimethylammonium chloride, action of dicyanodiamide with 

(WERNER and Be i), 1790. 


21V 
C.H,ONBr, Tribromoacetamide (Gurra and TuorpPe), 1900. 
C,H,0,CIAs 8-Chlorovinylarsinic oxide (MANN and Pork), 1755. 
C,H,CISAs §8-Chlorovinylarsenious sulphide (MANN and Pops), 1756. 
C,H,0,ClAs 48-Chlorovinylarsinic acid, and its ammonium salt (MANN and 
Pore), 1755. 
C.H,0,CIS s-Chloroethanesul phonic acid, lead salt (MANN and Pope), 600. 
C,H,O,.N,Co Diamminodinitro-oxalatocobaltic acid, salts, erystallo- 
graphy, and optical properties of (KNAGGs), 2069. 


C, Group. 

C,H,O Acraldehyde, interaction of aniline and (MANN), 2178. 

C,H,O Acetone, constitution of sugar derivatives of (IRviNE and PatrErsoy), 
2146. 

Allyl alcohol, conversion of, into glyceryl bromo- and chloro-hydrins (Reap 

and Hurst), 989. 

C,;H,O, Propionic acid, lead diphenyl salt (Goppanp, AsuiEy, and Evans), 
981. 


C,H,O, «-Trioxymethylene, preparation of (HAMMICK and BorRrEg), 2738. 

C,H,0, Glycerol, equilibrium in the system, water and (PusHIN and GLaco- 
LEVA), 2818. 

C,H,N Trimethylamine, hydroferrocyanide of (Cummine), 1297. 

C,H,N, 88-Dimethylguanidine, preparation of, and its salts (WeRNER and 


BELL), 1790. 
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3 Ill 
(,H.N.Br, Dibromoglyoxalines, and their hydrochlorides (BALABAN and 
PyMAN), 953. 
(,H,0,N; Fulminic acid, mercuric salt, velocity of decomposition of (FARMER), 
174. 


(,H,N,Br 4-Bromoglyoxaline, and its salts (BALABAN and Pyman), 951. 

(,H,0Cl, Glyceryl B-dichlorohydrin, preparation of, from allyl alcohol 
(Reap and Hurst), 999. 

(,H,0Br, Glyceryl B-dibromohydrin, preparation of, from allyl alcohol 
(Reap and Hurst), 995. 

(,H,0.N Urethane, equilibrium in the system, m-dinitrobenzene and (PusHIN 
and FIoLETOVA), 2822. 

(,H,0,C1 Glyceryl B-monochlorohydrin, preparation of, from allyl alcohol 
(ReaD and Hurst), 998. 

(,H,0,Br Glyceryl 6-monobromohydrin, preparation of, from allyl alcohol 
(READ and Hurst), 989. 

(,H,Br,Sn Tin sopropyl tribromide (Druce), 1861. 

(,H.0.Sn iso-Propylstannonice acid, and its salts (Druce), 1859. 

6 kB oko. alt nitrosotricarbonyl (Monp and WALLIs), 34. 


3 IV 
(,HO.N,Br, 2:4-Dibromo-5-nitroglyoxaline (BALABAN and Pyman), 958. 
(,H,0,N,Br 4-Bromo-5-nitroglyoxaline (BALABAN and PyMan), 952. 
(,H,0N,Br Bromocyanoacetamide (Gupra), 1902. 
(,H,0,C1,S Sy-Dichloropropanesulphonic acid, salts of (Porz and Samira), 
1169. 


(,H,.0,N,S, ay-Propanedisulphonyldihydrazide (CLurrersuck and 
ConEN), 128. 
3 V 
(,H,0,N,BrS 4-Bromoglyoxaline-5-sulphonic acid, and its barium salt 
(BALABAN and Pyman), 954. 


C, Group. 


(H,0, 1-Hydroxycyclopropane-l-carboxylic acid (INcotp, Sako, and 
THORPE), 1197. 

(,H,0, /-Malic acid, activation of racemic acid by (McKENz1z and WALKER), 
49, 


(,H,0, Racemic acid, optical activation of, by l-malic acid (McKenziz and 
WALKER), 349. 

CHS Divinyl sulphide, synthesis of (Bates and NickELson), 2137. 

C,H,0 Methyl ethyl ketone, condensation of, in presence of calcium carbide 
(BecKER and TuorPeE), 1303. 

C,H,0 Ethyl ether, properties of mixtures of sulphuric acid, water, and (Pounp), 
941. 


C.H,,0, Erythritol, equilibrium in the system, water and (PusHin and 
GLAGOLEVA), 2820. 

C,H,S, Dimethyldithiolethylene, reactions of metallic salts with (MonGAN 
and LEDBURY), 2882. 

C,H,,N, d-Alanine-N-methylamidine, salts of (PyMAN), 2623. 

4 lil 

C,H.N,S, 2-Thiol-1:3:4-thiodiazoly] sulphide (Losanircn), 2544. 

C,H.N,S,_ 2-Thiol-1:3:4-thiodiazolyl disulphide (Losanircn), 2545. | 

CH.N,S, 2-Thiol-1:3:4-thiodiazolyl polysulphide (Losanircn), 2545 
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C,H,ON, 1-Aminocyclopropane-l-carboxylamide, and _ its hydrochloride 
(INGOLD, Sako, and THoRPE), 1196. 

C,H.N.Br, 4:5-Dibromo-2-methylglyoxaline, and its salts (Lianr and 
PyMAN), 2627. 

C,H,Cl,As 88’-Dichlorodivinylchloroarsine (MANN and Pops), 1754. 

C,H;N,Br 4-Bromo-2-methylglyoxaline, and its salts (Lieut and Pymay), 
2628. 

C,H,O.N 1-Aminocyclopropane-l-carboxylic acid, hydrochloride of (Incoxp, 
Sako, and THORPE), 1196. 

C,H,C1S 88’-Dichlorodiethy] sulphide, preparation and reactions of (Maxx 
and Popr), 594; hydrolysis of, and its non-vesicant isomeride (BALES and 
NICKELSON), 2137. 

C,H,N,S Acetonethiosemicarbazone, silver and sodium salts (W1LsoN and 
Burns), 873. 

C,H,,0T1 Thalliumdiethyl hydroxide, salts of (Gopnaxp), 37. 

41V 

C,H,0,N,Br, 2:5-Dibromoglyoxaline-4-carboxylic acid (BALABAN and 
PyMan), 956. 

C,H,O,NC] Succinchloroimide, preparation of (Hirst and Macsern), 2174, 

C,H,0.N;Br 4-Bromo-5-nitro-2-methylglyoxaline (Licut and Pymay), 
2629. 


C,H;0.Cl,As 88’-Dichlorodivinylarsinic acid (MANN and Pops), 1756. 

C,H,OC1,S «888’-Tetrachlorodiethyl sulphoxide (MANN and Porg), 603. 

C,H,OC1,S «88’-Trichlorodiethyl sulphoxide (MANN and Pope), 603. 

C,H,,ON,S Thiocarbamide-acetone, picrate of (TAytor), 2271. 

4V 

C,H;,0;,N,BrS 4-Bromo-2-methylglyoxaline-5-sulphonic acid (+H,0) 
(LicHt and PyMAn), 2629. 

C,H,.0;,N,BrSCo_ cis-Sulphitodiethylenediaminecobaltic bromide 
(+H,0) (Durr), 452. 

C,H,.0,N,BrS,Co cis-Thiosulphatodiethylenediaminecobaltic brom 
ide (+3H,0) (Durr), 453. 

C,H,,0,N,BrSCo cis-Sulphatodiethylenediaminecobaltic bromide 
(+H,0) (Durr), 452. 


C; Group. 
C;H,;, -Pentane, molecular scattering of light in (VENKATESWARAN), 2655. 
5 Il 
C;H;N Pyridine, hydroferrocyanide of, and its separation from quinoline 
(CUMMING), 1297; zsopropylstannic salts of (Drucg), 1861. 
C;H,N,; Dimethylglyoxalines, orientation of (Pyman), 2616. 
C;H,N; Aminodimethylglyoxalines, and their salts (Pyman), 2625. 
CoH 100s Valeric acid, lead diphenyl salt (GoppArp, AsHLEY, and Evans), 


C;H,,0; Xylose, methylation of (CanruTHERS and Hrrst), 2299. 
C,0,Fe Iron pentacarbonyl! (Monp and WaAttis), 30. 


5 Ill 
CoHOsNs 5-cycloPropanespirohydantoin (INGotp, Saxo, and TuHorpe), 


“ae Methyl dichloromalonate, preparation of (HirsT and MacsEt#), 
177. 


ae Ethyl cyanoacetate, condensation of, with ethyl muconate (FaRMER), 
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(,H,0,N, Nitrodimethylglyoxalines (PymaN), 2622. 
,0,N, 1-Nitrosocarbamidocyclopropane-l-carboxylic acid (INGoLD, 
Sako, and THORPE), 1195. 

Gf, 04Cl Methyl chloromalonate, preparation of (Hirst and MacserH), 


0,N, 1-Carbamidocyclopropane-l-carboxylic acid (INGoLD, Saxo, and 
THORPE), 1195. 
(,HyNC1 1-Chloropiperidine, preparation of (Hirst and MAcBETR), 2173. 
(,H,30,N Methylaminodimethylacetal (Kermack, PERKIN, and Rosin- 
SON), 1886. 
5 IV 


GHON Fe Nitroprussic acid, carbazole-3-diazonium salts of (MorcaNn and 

EAD), 2714. 

(,H,0.N,Br, Bromo-5-cyclopropanespirohydantoin (INcotp, Sako, and 
THORPE), 1191. 

(,H,0,C1Te Tellurium chloroacetylacetone (MoxcGan and Drew), 936. 

(,H,0,C],Te Tellurium chloroacetylacetone dichloride (Morean and 
Drew), 935. 

(.H,0,N,Br, cycloPropane-l:l-dicarboxylbromoamide (INcotpD, Sako, 
and ‘I'HORPE), 1190. 

(,H,0,N,Cl, Dichloromalondimet hylamide (Wesr), 2202. 

(,H,0,N,Br, Dimethylmalonbromoamide (INGoLD, Sako, and THorpPe), 

(,Hy.0,N,S, ae-Pentanedisulphonyldihydrazide (Cxiurrersuck and 
COHEN), 128. 

5 V 


(,H,0,N,CIBr Chlorobromomalondimethylamide (Wxsr), 2202. 


C. Group. 

C,H, Benzene, constitution of (FRAsER), 188 ; variation of the refractive index 
and density of, with temperature (PARKER and THOMPsON), 1341 ; action of 
benzyl chloride and, in presence of iron pyrites (SMYTHE), 1276 ; chlorination 
of, with sulphuryl chloride (S1nBERRAD), 1015. 


6 Il 
(,H,0 Phenol, mechanism of the bromination of (BarnEs), 2810. 
C,H,O, Resorcinol, condensation of cinnamic acid with (SHorT and Smith), 


C.H,O, cis-3-Methylcyclopropane-1:2-dicarboxylic anhydride (Incoxp), 
2687. 


C,H,O, Muconic acid, constitution of (CHANDRASENA and INGoLp), 1306. 
1:2:4:5-Tetrahydroxybenzene, colouring matters from (MUKERJ1I), 545. 
C.H,N Aniline, interaction of acraldehyde and (MANN), 2178 ; hydroferrocyanide 
of (CUMMING), 1298. 
C.H,O, a-Hydroxy-8-methylglutaric lactone, and its salts (INcoLD), 2686. 
~~ retaliate taal acids, and their salts (INGOLD), 


C,H.0, aa-Dihydroxy-6-methylglutaric lactones (INGoLp), 2691. 
3-Methyleyclopropan-l-ol-1:2-dicarboxylic acid, and its silver salt (IN- 
GOLD), 2693. 

Lactonic acid of butane-ay-diol-e8-dicarboxylic acid, and its silver 
salt (INGOLD), 2695. 
C.H.0, Propane-ayy-tricarboxylic acid (Dickens, Kon, and Tuorpe), 

1502. 
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C.H,N, Phenylenediamine, hydroferrocyanides of (CummINe), 1295. 

C.H,O, a-Hydroxy-8-methylglutaric acid, and its salts (INGoLD), 2687. 

C.H,,.0; Methylitamalic acid, and its barium salt (INGoLD), 2689. 

C.H,.0, aa’-Dihydroxy-8-methylglutaric acids, and their salts (INGoxp), 
2691. 


Butane-ay-diol-a8-dicarboxylic acid, and its salts (INGoLD), 2694. 
C.H,,0, Aceritol (Perkin and Uyena), 70. 
C,H,,0, Fructose, constitution and rotation of compounds of, with boric acid 
and sodium hydroxide (G1ILMouR), 1333. 
Fructose and Glucose, constitution of acetone derivatives of (IRVINE and 
PATTERSON), 2146. 
C.H,.S; Triethylene trisulphide, and its reactions with mercuric salts, with 
ethyl iodide, and with platinic chloride (RAy), 1279. 
C.H,,S, Triethylene tetrasulphide, and its reactions with mercuric salts 
and with ethyl iodide (RAy), 1279. 
C.H,,0, Pinacone, equilibrium in the system, water and (PusHIN and Gtaco- 
LEVA), 2816. 
C.H;,0, Mannitol, constitution and rotation of compounds of, with boric acid 
and sodium hydroxide (G1LMouR), 1333. 


6 Ill 

C.H;,0,N, Picric acid, cobaltammine salts of (MorGAN and Kine), 1725. 

C,H;,0,,Al Aluminioxalic acid, potassium salt, crystallography and optical 
properties of (KNacGs), 2072. 

C,H,0,,Cre Chromioxalic acid, potassium salt, autoracemisation of (RIDEAL 
and THomAs), 196. 

C.H,0,.Fe Ferrioxalic acid, potassium salt (+ 3H,O), crystallography and 
optical properties of (Knaces), 2070. 

C,H,O,N, 1:2:3:4-Benzodiquinone-1:3-dioxime, cobaltamwmine and ferric salts 
of (MORGAN and Moss), 2857. 

m-Dinitrobenzene, equilibrium in the system, urethane and (PusHIN and 

FIoLETOVA), 2822. 

C,H,0,N, 3:5-Dinitrophenol, solubility and volatility of (Srpcwick and 
TAYLOR), 1853. 

C.H,OC1l Chlorophenols, solubility of (Stipcwick and TuRNER), 2256. 

C,H,0,Br «a-Bromomuconic acid (CHANDRASENA and INGoLD), 1317. 

C.H,0,Br a-Bromo-73-dihydroxy-A*-dihydromuconic lactone (CHANDRA- 
SENA and INGoLD), 1316. 

C,H,N.Cl Benzenediazonium chloride, interaction of bismuth trichloride 
and (CHALLENGER and WILKINSON), 102. 

C.H,OS m-Hydroxyphenyl mercaptan (Watson and Dorr), 2415. 

C.H.O,N, 2:3:5:6-Tetraketo-l:4-dimethylpiperazine (Forster and 
SAVILLE), 824. 

C.H,N,S, 2-Thiol-1:3:4-thiodiazolyl sulphide dimethyl ether (Losa- 
NITCH), 2544. 

C.H.Cl.As 86’8’’-Trichlorotrivinylarsine, and its salts (MANN and Pops), 

754. 


C.H,0.N, p-Nitrophenylhydrazine, preparation of (DAvres), 715. 

C,H,0,Cl Chloro-as-dimethylsuccinic hydroxyarhydride. Gaaam, 
InGOoLD, and THorPE), 158. 

C,H,0,Br 1-Bromo-3-methy|lcyclopropane-1:2-dicarboxylic acid, and its 
silver salt (INGOLD), 2692. 

C.H,0,Br 3-Bromo-y-hydroxy-A*-dihydromuconic acid (Cuavipnaanna 
and INGoLD), 1318. 
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C,H,0,N, cycloButanespirohydantoin (INcoLD, Sako, and THorPs), 1192. 

(,H,0,Te Tellurium 3-methylacetylacetone (MorGan and Drew), 932. 

(,H,0,.Br, aa’-Dibromo-8-methylglutaric acid (INGoLp), 2685. 

CiHieOsNs cyclo Butane-1:1-dicarboxylamide (INcoLtp, Sako, and THORPE), 
1191. 


C.HywCl,S 88’yy’-Tetrachlorodipropyl sulphide (Porg and Smirn), 1168. 
CrHlioCl Ss BB’yy'-Tetrachlorodipropyl disulphide (Pope and Smirn), 
1169. 


C.Hy,0.N Ethyl I1-aminocyclopropane-l-carboxylate, hydrochloride 
(Incotp, Sako, and THorPe), 1196. 
C,H,,0,N, isoNitrosomalondimethylamide methyl ether (RENDALL and 
WHITELEY), 2116. 
C.H;,0,Sn, Triformyl derivative of methylstannonie acid (Lam- 
BOURNE), 2539. 
C.H,:0,N Glucosamine, mutarotation of, and preparation of its hydrochloride 
(IRvINE and EARL), 2370. 
C.H,:N;S Substance, from ethyl chloroformate and sodium acetonethiosemi- 
carbazone (WILSON and Burns), 876, 
C.H,,0Sn Tin diisopropyl oxide (Drvce), 1861. 
C,H,,Cl.Sn Tin diisopropyl dichloride (Druce), 1862. 
C.H,Br.Sn Tin diisopropyl dibromide (Druczr), 1863. 
C.H,,0;N Glucamine, production of (Linc and Nans1), 1686. 
C,H;;0,.N Glucose-ammonia, crystalline (Linc and Nang), 1682. 
C,H,;SI Triethylsulphonium bromide, absorption spectra of, in various 
solvents (TAYLOR and LEwis), 665. 
6 IV 
C,H,0,C1,S 2:5-Dichlorobenzenesulphonyl chloride (Stewart), 2557. 
C.H,0,NAg Silver nitrophenoxides (GonpArRp and Warp), 264. 
C.H,O,NCs Caesium nitrophenoxides (D. and A. E. Gopparp), 56. 
C,H,0,NK Potassium nitrophenoxides (D. and A. E, Gopparp), 56. 
C,H,O,NLi Lithium nitrophenoxides (D. and A. E, Gopparp), 56. 
C.H,O,NNa Sodium nitrophenoxides (D. and A. E. Gopparp), 56. ’ 
C,H,O,5NRb Rubidium nitrophenoxides (D. and A. E. Gopparp), 56. 
C.H,O,N.S Dinitrosothiolresorcinol (WarTson and Dorr), 1948. 
C.H,0,N,.Pb, Lead 2:4-dinitrophenoxide (Gopparp and Warp), 266. 
C.H,CIBr,Bi p-Chlorophenyldibromobismuthine (CHALLENGER and 
Ripeway), 110. 
C,H,0O;NPb, Lead o and p-nitrophenoxides (Gopparp and Warp), 264. 
C.H,OCI],As 48’8”-Trichlorotrivinylarsenic oxide, and its nitrate (MANN 
and Porr), 1757. 
C,H,O.N,.Br, Ethyl 2:5-dibromoglyoxaline-4-carboxylate (BALABAN and 
PYMAN), 955. 
C.H,O.NS 2-Aminophenol-4-sulphonic acid, cobaltammine salt of (Mor¢aNn 
and Moss), 2865. 
C.H,O,CIBr Methyl y-chloro-3-bromo-4g-d hydromuconate (CHANDRA- 
SENA and INGOLD), 1318. 
CuHO.N,S p-Nitroaniline-o-sulphonie acid, salts of (Scorr and CouEN), 
2038. 


C.H,C1,Br,As 88’8”-Trichlorotrivinylarsine dibromide (MANN and 
Pore), 1757. 

C.H,0,NSe Cyano-3-selenium acetylacetone (MorGaNn, Drew, and 
BARKER), 2447. 

C.H,O.NMg, Magnesium m-nitrophenoxide (Gopparp and Warp), 264. 
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C.H,O,NPb, Lead p-nitrophenoxide (Gopparn and Warp), 265. 

C,H,0,N,S, p-Nitrophenylhydrazinedisulphonicacid, ammonium 4} 
(Davixs), 720. 

C,H,0,N,Br, cycloButane-1:1-dicarboxylbromoamide (INGOLD, Saxo, ani 
THORPE), 1191. 

C.H,0,Cl,Te Tellurium 3-methylacetylacetone dichloride (Morgay 
and Drew), 931. 

C,H,0,Br,Te Tellurium 3-methylacetylacetone dibromide (Moreay 
and Drew), 932. 

C,H,0,I,Te Tellurium 3-methylacetylacetone di-iodide (MorRGAN anj 
Drew), 932. 

C,H,ON,S Substance, from /-menthyl chloroacetate and sodium acetonethio. 
semicarbazone (WILSON and Burns), 875, 


6 V 
C.H,O,NBrS p-Bromoaniline-o-sulphoniec acid, salts of (Scorr and Coney), 
2044. 


C, Group. 
C,H, Toluene, nitration of (Gisson, DuckHam, and FarrBarrRn), 270. 


71 
C,H,O, Benzoic acid, alkali salts, solubility of, in water (Sipewick ani 
EWBANK), 1844. 
C,H,O, Hydroxybenzoic acids, alkali salts, solubility of, in water (Sipewicx 
and Ewsank), 1844. 
Salicylic acid, cobaltammine salt of (MoRGAN and Smiru), 2874. 
C,H,.Cl, Benzylidene chloride, action of solium methoxide and its homologues 
on (MACKENZIE), 1695, 
C,H,Cl Benzyl chloride, action of benzene and, in presence of iron pyrite 
(SMYTHE), 1276. 
C,H,O isoButylene-ayy’-tricarboxylic acid (INGoLD and NicKoLts), 1644. 
Cresols, reciprocal polarity effects in, and in their derivatives (LAPWORTH ani 
SHOEsMITR), 1391. 
C,H,N Benzylamine, hydroferrocyanide of (Cummina), 1294. 
Methylaniline, hydroferrocyanide of (CummING), 1296. 
Toluidines, hydroferrocyanides of, and their separation (CUMMING), 1293. 
C,H,,0, 5:5-Dimethy]-a'-cyclopenten-l-ol-3-one (FarMER, INGOLD, ani 
THORPE), 156. 
C,H,.0, Teraconic acid, preparation of (Farmer, INcoLD, and THoRPE), 15) 
CrH0s, 1-Methoxy-3-methylcyclopropane-1:2-dicarboxylic acid (INcou) 


C,H,,.0, Methanetriacetic acid, preparation of, and its esters (INGOLD ani 
PRRREN), 1414. 

C,H, .N, 2:4-Tolylenediamine, hydroferrocyanide of (CuMMING), 1295. 

CHO. Ethyl malonate, condensation of, with ethyl muconate (FARmEz 
2015. 


C,H,.0, y-Methylfructoside (MENziEs), 2238. 


7 Ill 
C,H,0,S, 2-Dithiobenzoyl (Sites and McCLEL.anp), 89. 
C,H;OCl Benzoyl chloride, chlorination of (Horz and Ritey), 2510. 
C,H;0,I Iodo-m-hydroxybenzaldehyde (Henry and Smarr), 1059. 
C,H,0,N Nitrobenzaldehydes, solubility and volatility of (S1pawioK aul 
Dasn), 2586. 
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C,H,O,N p-Nitrobenzoic acid, lead diphenyl salt (Gopparp, ASHLEY, and 
Evans), 982. 

C,H,0.S p-Thiolbenzoic acid (Smites and Harrison), 2024. 

0,H,0,S 5-Thiolsalicylic acid (Srrwarr), 2560. 

C,H,0O,S p-Sulphinobenzoic acid (Smites and Harrison), 2024. 

C,H,O;S 5-Sulphinosalicylic acid (Srewarr), 2559. 

C,H.0O,Hg, $3:5-Dihydroxydimercuri-4-hydroxybenzaldehyde (HENRY 
and SHARP), 1058. 

3:5-Dihydroxydimercurisalicylaldehyde (Henry and Suarp), 1057. 
onene Sodium benzyloxide, reactivity of alkyl iodides with (Haywoop), 


C,H,O,N Anthranilic acid, cobaltous salt (MorcaN and Moss), 2866. 
m-Nitrotoluene, nitration of (BRapDy), 328. 

C.H,O,N, Nitrobenzylamines, preparation of (INcoLD and Piccorr), 2384. 

C,H,O,N,; Dinitrotoluidines (Brapy, Day, and Rott), 526; (Scorr and 
Rospinson), 844, 

C.H,NCl, 2:6-Dichloro-p-toluidine, and its hydrochloride (Davrgs), 813. 

C.H,N.Cl p-Toluenediazonium chloride, interaction of bismuth chloride and 
(CHALLENGER and WILKINSON), 103. 

CH,ON, 2:6-Dihydroxypyridine-4-acetamide (Incotp and Nicko11s), 


— 6-lodo-m-toluidine, and its hydrochloride (Burton and KENNER), 

80. 

C.H,ON o-Anisidine, hydroferrocyanide of (CummING), 1295. 

C,H,O.N, m-Nitro-p-tolylhydrazine, preparation of (Daviss), 720. 

C,H,0,Cl Chloro-5:5-dimethyl-A?-cyclopenten-1l-ol-3-ones (FARMER, INGOLD, 
and THORPE), 156. 

C,H,»0.Te Tellurium 3-ethylacetylacetone (Morcan and Drew), 933. 

C,H,0,Cl, Ethyl dichloromalonate, preparation of (MacBern), 1120. 

C,H,,0,N Ethyl] cyclopropane-l-carboxylamide-l-carboxylate (INGoLp, 
SAKO, and THORPE), 1189. 

C-H,,0,Cl Ethyl chloromalonate, preparation of (MacBETH), 1120, 

C,H,,0;,N, isoNitrosomalondimethylamide ethyl ether (RENDALL and 

HITELEY), 2117. 
7 1V 

C,H,0,N,Cl, 2:6-Dichloro-3:4:5-trinitrotoluene (Davies), 814. 

C,H,0,Cl,Hg, 3:5-Dichlorodimercuri-4-hydroxy benzaldehyde (HENRY 
and SHakv), 1058. 

3:5-Dichlorodimercurisalicylaldehyde (Henry and SuHarp), 1057. 

C,H,O,N,Cl, 2:6-Dichloro-3:4-dinitrotoluene (Davigs), 812. 

C,H,ONC], Benzenedichloroamide (Etuiort), 203. 

C,H;,0O,NCl, Dichloronitrotoluenes (Davigs), 812. 

C,H,0O,NS ‘Saccharin,” colouring matters from (Dutt), 2389. 

C.H,0,CIS p-Chlorosulphonylbenzoic acid (Smizzs and Harrison), 2023. 

C,H,0,CIS 5-Chlorosulphonylsalicylic acid (Stewart), 2559. 

C,H,ONC] Benzenechloroamide, preparation and reactions of (ELLIOTT), 208. 

C,H,0O,N,Cl, 2:6-Dichloro-3-nitro-p-toluidine, and its hydrochloride 
(Davixs), 814. 

C.H,O,NS 3-Nitro-o-cresol-5-sulphonic acid, metallic salts (Davies), 791. 

C,H,O,N,S, Phenylcarbamide-2:4-disulphonic acid, potassium salt (Scorr 
and COHEN), 2043. 

C,H,O,N,S o-Carbamidobenzenesulphonic acid (+H,0), and its salts, 
(Scott and CoHEN), 2042. 
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C,H,O,NS p-Toluidine-m-sulphoniec acid, salts of (Scorr and CoE), 2039, 

C,H,0,N,S m-Nitro-p-tolylhydrazinesulphonic acid, ammonium sq); 
(Daviks), 720. 

C,H,CIIAs 88’8”-Trichlorotrivinylmethylarsonium iodide (MANN and 
VorE), 1758. 

C-H,.0,Cl,Te Tellurium 3-ethylacetylacetone dichloride (MorGAN and 
DREW), 932. 

C,H,,0,Br.Te Tellurium 3-ethylacetylacetone dibromide (Moreay 

and Drew), 934. 

CH O,1.Te *  geueien 8-ethylacetylacetone di-iodide (MorGAN ani 
DREW), 9 

C,H,,0,N,br, ;, er (INcoLp, Sako, and TuHorps), 
1192, 


C,H,,0,N,Co Salicylatotetramminocobaltic hydroxide, salts of 
(MorGan and SmirH), 1956. 


7V 
C,H;0,NC1,S 6-Chloro-5-nitro-m-toluenesulphonyl chloride (Davixs), 
789. 


C,H,O,N,BrS p-Bromophenylcarbamide-o-sulphonic acid, and its salts 
(Scorr and CoHEN), 2047. 

C,H,O;,NCIS 6-Chloro-5-nitro-m-toluenesulphonic acid, metallic salts 
(Davigs), 789. 

C;H,O;N,S,Hg, Substance, from p-chlorophenylthiocarbamide and mercuric 
nitrite (RAy and Das), 327. 

C:H,O,N,CIS 6-Chloro-5-nitro-m-toluenesul phonamide (Davrgs), 789. 

C;H,,0,.N,CIBr Chlorobromomalondiethylamide (West), 2201. 


C; Group. 


C,H,O, Aldehydobenzoic acids, solubility of (Sipcwick and Turner), 2256. 
Phthalaldehydic acids, preparation of (Davies, Perkin, and Cxayroy), 

2214. 

C,H;Cl Chlorostyrene (Forster and SAvILte), 2600. 

C,H,O, 5:5-Dimethyl-A}-cyclopentene-3:4-dione-l-carboxylic acid 
(FARMER, INGOLD, and THorpPk), 148. 

C,H,O;, Anhydro-aa-dimethylaconitic acid (FARMER, INGoLD, and THorrs) 
149. 


As-Butene-ad-dicarboxylic-8-acetic anhydride (FARMER), 2019. 
C,H,.0, A«-Butene-ad-dicarboxylic-f-acetic acids, and their silver salts 
(FARMER), 2019. 
aa-Dimethylaconitic acid (FArmER, INGoLD, and THoRPE), 149. 
C,H,,N Dimethylaniline, hydroferrocyanide of (Cummtne), 1297. 
a-Phenylethylamine, hydroferrocyanide of (Cummine), 1294. 
p-Xylidine, hydroferrocyanide of (CumMINnG), 1294. 
C,H,,0, 1-Methyl-l-ethyleyclopentane-3:4-dione (Dickens, Kon, and 
THORPE), 1503. 
C,H,.0, «8-Dimethyltricarballylic acid (Horr and SHe.pon), 2230. 
CHiN, Dimethyl-p-phenylenediamine, hydroferrocyanide of (CummMrne), 


CHO, Ethyl tartrate, preparation and properties of (Lowry and Currer), 
532; green coloration of (PATTERSON), 1042. 

C,H,,0, Dimethylsaccharic acid, lead salt (Irvine and Hirst), 1223, 

C,H,.0, Dimethy)l-y-fructose (Irvine, StesiE, and SHANNON), 1074. 
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C,H,0 Methyl-n-hexylcarbinol, resolution of (KENYON), 2540. 
C,H»~Sn Tin tetraethyl, action of thallic chloride on (D. and A. E. Gopparp), 


259. 
8 Ill 

(,H,0Cl, -Trichlorotoluoyl chlorides (Davigs and Perkin), 2212. 

(,H,0C], w-Dichlorotoluoyl chlorides (Davies and PerkIn), 2211. 

(,H,0,C1 Chlorocoumaran-2-ones (MINTON and STEPHEN), 1602. 

C,H,0,C], w-Trichlorotoluic acids (Davies and Perkin), 2213. 

C,H,OBr, w-Bromo-o-toluoyl bromide (Davies and PerKry), 2207. 

C,H,0,C], «-Dichlorotoluic acids (Davies and PERKIN), 2211. 

C,H,0,Cl, 2:2:4-Trichloro-5:5-dimethyldicyclopentan-3-one-l-carboxylic 
acid (FARMER, INGOLD, and THoRPE), 155. 

C,H,0;N p-Methoxybenzoic acid (FRoELICcHER and ConEN), 1656. 

Nitrophenoxyacetic acids, preparation of (MINTON and STEPHEN), 1592. 

C,H,OC], Chlorostyrene chlorohydrin (Forster and SaviLuz), 2600. 

C,H,0,Cl, 2:4-Dichloro-5:5-dimeth yldicyclopentan-3-one-l-carboxylic 
acid (Farmer, INGOLD, and THorPE), 155. 

C,H,0,Br, 2:4-Dibromo-5:5-dimethyldicyclo pen tan-3-one-l-carboxylic 
acid (FARMER, INGOLD, and THORPE), 153. 

C,H,0,S 5-Methylthiolsalicylic acid (Stewart), 2560. 

C,H,0O,N, Nitrophenoxyacetamides (Minron and STEPHEN), 1593. 

C,H,ON, Diacetylacetone semicarbazone (CoLiz and REILLY), 1985. 

C,H,OBr Methoxybenzyl bromides, isomeric, preparation and properties of 
(LaPwortH and SHOESMITH), 1391. 

C,H,0O,.N /-Mandelamide, preparation and racemisation of (McKENZIE and 
SMITH), 1353. 

CHO.Ns p-Nitrobenzaldehydemethylhydrazone (Brapy and McHven), 
1652. ‘ 


C,H,O,N 4-Amino-2-methoxybenzoic acid (FRoELICHER and ConEn), 1656. 
m-Aminophenoxyacetic acid (Mtnron and STEPHEN), 1597. 
Substance, from diacetylacetone and carbamide (CoLLiz and REILLY), 1987. 
C.H,0,Cl 2-Chloro-5:5-dimeth yldicyclopentan-3-one-l-carboxylic acid 
(FARMER, INGOLD, and THORPE), 154. 
C.H,O,Br 2-Bromo-5:5-dimethyldicyclopentan-8-one-l-carboxylic acid 
(FARMER, INGOLD, and THORPE), 153. 
C,H.O,N 2:6-Dihydroxypyridine-4-propionic acid (FARMER), 2018. 
4-Oximino-5:5-dimethy1-A'-cyclopenten-3-one-l-carboxylicacid(FARMER, 
INGOLD, and THORPE), 148. 
C.H,0,Br Methyl-a-bromomuconate (CHANDRASENA and INGOLD), 1317. 
C.H,ON, p-Nitrosodimethylaniline, hydroferrocyanide of (CumMING), 1297. 
C.H,,0C]l, 4:5-Dichloro-1:1-dimethyl-A*-cyclohexen-3-one (HINKEL and 
WILLIAMS), 2500. 
C,H,,0.N, m-Nitrodimethylaniline, preparation of nitro-derivatives of 
(ForsTER and Covtson), 1988. 
C,H, NBr p-Bromodimethylaniline, hydroferrocyanide of (CummING), 1297. 
C.H,,ON Methyl-m-anisidine, preparation of (KrrmMAcK, PERKIN, and 
Rosrnson), 1880. 
C,H,,ON, 5-Benzylsemicarbazide, and its hydrochloride (W1Lson, HoppEr, 
and CRawFrorpD), 868. 
C,H,,0,C1 Chlorodimet hyldihydroresorcinol, action of phosphorus chlor- 
ides on (HINKEL and WILLIAMs), 2498. 
C.H,,0,Br Bromo-5:5-dimethylceyclopentan-3-one-2-carboxylic acids 
(FARMER, INGOLD, and THORPE), 158. 
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C,H,,N,S S-Benzylthiosemicarbazone, salts of (WILson and Burns), 874, 
CoH,ON, m-Methoxyphenylmethylhydrazine, preparation of (KERMacx, 
ERXKIN, and RoBrnson), 1880. 

C,H,.0,Br, Methyl] aa’-dibromo-6-methylglutarate (INGoLp), 2686. 

C,H,,0,Be Methyl a-bromo-8-methylglutarate (INcoLpD), 2684. 

C,H,,0,I Methyl-a-iodo-8-methylglutarate (INGoLD), 2685. 

C,H,,0,,Sn, Pentaformyl! derivative of methylstannonic acid (Lay. 
BOURNE), 2538. 

C,H,,0,N, isoNitrosomalondimethylamide z- and iso-propyl ether 
(RENDALL and WHITELEY), 2117. 

C,0,N,S, Substance, from potassium 2:5-dithiol-1:3:4-thiodiazole and chlom. 
picrin (Ray and Das), 325. 

8 IV 


C,H,O,NK Potassium phthalimide, preparation of (Hammick and Locker), 
2362. 

C,H,O,NNa Sodium phthalimide, preparation of (Hammick and Locker), 
2362. 


C,H,ONCI], -Trichloro-p-toluamide (Davirs and Perkin), 2214. 

C,H,O,NC1 Chlorocoumaran-2-one oximes (MINTON and STEPHEN), 1602. 

C,H,O,NC1 Nitrophenoxyacetyl chlorides (MInToN and STEPHEN), 1593. 

C,H,ONC], #-Dichlorotoluamides (Davixs and PerKry), 2211. 

C,H,O,NC] Chlorephenoxyacetamides (MinTon and STEPHEN), 1601. 

C.H,0O,N.S Substance, from p-carbamidotoluene-m-sulphonic acid and phos. 
phory! chloride (Scott and ConEN), 2041. 

C.H,ON.S Thiocarbamide-benzaldehyde, picrate of (TayLor), 2269 

C,H,,0.N.S Thiocarbamide-salicylaldehyde, picrate of (TayLor), 2269. 

C,H.».0,N.S p-Carbamidotoluene-m-sulphonic acid, and its salts (Scor 
and Conex), 2039. 

C,H,,0,N.S He Bitsophonyibominesthy) hydrogen sulphate, and 
its nitroaniline salt (SAUNDERS), 2674. 


C.Hy,O,NS N-Phenyl-f-aminoethyl hydrogen sulphate (SaunpkEns), 
2671. 


8 V 
C.H,0.N,C1S ECblerepbonzibinretosulphonic acid, potassium salt 
(+2 


20) (Scorr and Conen), 2048. 
C,H,0,N,BrS p-Bromopheny|biuret-o-sulphonic acid, and its salts (Scort 
and CoHEN), 2045. 
C,H,0,N,IS p-lodophenylbiuret-o-sulphonic acid, and its salts (Scorr and 
CoHEN), 2049, 
C.H,O,NCIS N-p-Chlorophenyl-s-aminoethyl hydrogen sulphate 
(SAUNDERS), 2675. 


C, Group. 
C,H, Indene, action of bromine water on (Reap and Hurst), 2550. 
9 Il 


C,H,N isoQuinoline (Harris and Pope), 1029. 
en separation from pyridine and hydroferrocyanides of (Cummune), 


C,H,O, Cinnamic acid, condensation of resorcinol and (SHort and Smiru), 

C,H,O, Methyl aldehydosalicylates, and their sodium salts (WAYNE and 
CoHEN), 1022. 

C,H,O, Methanetetra-acetic anhydride (INGoLp and NicKoLts), 1647. 
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C,H,0; Homopiperony!] methy! ether (GREENE and RosINson), 2194. 
Tropic acid, resolution of, and its salts (Kine and PaLMER), 2577. 
C.H,.0, 1-Hydroxycyclopentylethane-af-dicarboxylic lactone (BiRcH 
and THORPE), 1836. 
CHO, 4a-Butene-ad-dicarboxylic-8-malonic acid, sodium galt (FARMER), 
2020. 


C,H,N, Dinitrile of cyclopentanespirocyclopropane-2:3-dicarboxylic acid 
(BrrcH and THoRPE), 1834. 
C,H.0. cyclo Pentanespirocyclopentane-3:4-dione (Kon), 526, 
C,H,,0; Castelagenin (Bosman), 971. 
Anhydride of cis-3:3-diethylcyclopropane-1:2-dicarboxylie acid (DEsHa- 
PANDE and THorRPE), 1437. 
C,H,,0, Trimethyltricarballylic anhydride (Hope and SHetnon), 2235. 
C,H,,0, Methanetetra-acetic acid, and its salts (INGoLD and NicKoLLs), 1646. 
isoP entane-a838’-tetracarboxylic acid (INGoLD and NicKoLLs), 1647. 
C,HyN, Dinitrile of 1:l-diethyleyclopropane-2:3-dicarboxylic acid 
(Brrcw and THorRPE), 1826. 
C,H,0 cycloHexanespirocyclobutan-3-one (Kon), 520. 
4-isoPropylidenecyclohexanone, reduction of (HENDERSON, ROBERTSON, and 
Brown), 2721. 
C,H,,0, «-Campholytic acid, intra-annular tautomerism of (CHANDRASENA, 
INGOLD, and THorPs), 1542. 
1:1-Dieth ylcyclopentane-3:4-dione (DickENs, Kon, and Tuorpg), 1506. 
C,H,,0, Ethyl 3-methylcyclobutan-l-one-3-acetate (INGoLD), 1151. 
C,H,,0, d-3-Carboxy-1:l-dimethylcyclopropane-2-propionic acid, and its 
copper salt (SIMONSEN), 2297. 
1-Carboxycyclohexyl-l-acetic acid (LAFwortH and McRak), 2754, 
cis- and trans-3:3-Diethylcyclopropane-1:2-dicarboxylic acids (DrsHa- 
PANDE and THORPE), 1437. 
Bthy! ethylidenemalonate, preparation of y-alkylidene derivatives of 
(HiceinsoTHaMm and Lapworrs), 28238. 
Homoterpenylic acid, preparation of (SIMONSEN), 2298. 
C,H,,0, 3:3-Diethylcyclopropanol-1:2-dicarboxylic acid (DEsHAPANDE and 
THorPe), 1440. 
5:5-Dimethylcyclopentan-8-ol-1:2-dicarboxylic acid (FaRMER, INGOLD, 
and THORPE), 152. 
H ydroxy-lactonie acid, from hydrolysis of ethy! aa’-dibromo-8A-diethylglu- 
tarate (DESHAPANDE and THORPE), 1438. 
3-Keto-B-carboxy-yy-dimethylhexoiec acid (CHANDRASENA, INGOLD, and 
THORPE), 1549. 
a-Keto-@8-diethylglutaric acid, and its calcium salt (DesHAPANDE and 
THORPE), 1439. 
CoHl,.0, | Substance, from oxidation of trimethyl glucose (HAworTH and LEITCH), 


C,H,,0, Azelaic acid, electro-syntuesis of (CARMICHAEL), 2545. 
vyi-Dihydroxydihydro-a-campholytic acid (CHaANDRASENA, INGOLD, and 
THORPE), 1548. 
a-Ethyl-88-dimethylglutaric acid (Kon and Tuorpe), 1800. 
C,H,,0, Nonoic acid, sodium salt, properties of solutions of (FLECKER and 
TAYLOR), 1101. 
C,H,.0, Trimethyl methylxyloside, preparation of (CARRUTHERS and 
Hirst), 2304, 
C,H,,0, 2:3:6-Trimethylglucose (Irvine and Hrrst), 1218. 
C,H,,0, 2:3:6-Trimethyl methylglucoside (Irvine and Hirst), 1222. 
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9 III 
C,H,O,N. Nitrocinnamonitriles (Brapy and Tuomas), 2107. 
C,H,0,Hg; 4:5-Anhydro-3-acetoxymercuri-5-hydroxymercuri-4-hydr. 
oxy benzaldehyde (Henry and Snarp), 1058. 
C,H,O,N, Methyl dinitro-5-aldehydosalicylate (WayNE and Coney) 
1025. 


C,H,0.Cl, Methyl w-trichlorotoluates (Davirs and Perkin), 2213. 
C,H,O,Br Methyl 5-bromoaldehydosalicylate (WAYNE and ConEN), 1094, 
C,H,O,N Methyl] 5-nitroaldehydosalicylate (Wayne and ConEn), 1024, 
C,H,0,N, Nitrocinnam antialdoximes (Brapy and Tuomas), 2107. 
esr" 2-Carboxyphenyldithioglycollic acid (Smites and McCue. 
LAND), 88. 
C,H,O,Hg Acetoxymercuri-m-hydroxybenzaldehyde (Henry and 
SHARP), 1059. 
C,H,ON Cinnamaldoximes (Brapy and Tuomas), 2098. 
6-Methoxyindole, and its picrate (KERMACK, PERKIN, and Rosrnson), 1879. 
C,H,OBr Indene bromohydrin (Reap and Hurst), 2552. 
Bromohydroxyhydrindene (Reap and Hurst), 2554. 
C,H,0,N, a-Triazo-8-hydroxy-8-phenylpropionic acid (Forster and 
SAVILLE), 2600. 
C,H,0,Cl Cinnamic acid chlorohydrin, preparation and reactions of (Forster 
and SAVILLE), 2595. 
C,H,O,.N Methyl] 5-aldehydosalicylate oxime (WAYNE and ConEN), 1026, 
C,H,O;,N Methyl nitrophenoxyacetates (Mrnron and SrEPHEN), 1593. 
6-Nitrohom opiperonyl methyl ether (Greene and Roptnson), 2194, 
Nitrotolyloxyacetic acids (MINTON and STEPHEN), 1594. 
C,H,0,N, Dinitroaceto-m-toluidides (Brapy, Day, and Rott), 532. 
Dinitroaceto-p-toluidides (Scorr and Roprnson), 845. 
C,H,,0,N, Nitroaceto-m-toluidides (Brapy, Day, and Rott), 529. 
C,H,,0,N, 3-Carbamido-4-methoxybenzoie acid (FRozLicnEer aud Coney), 
1656. 


Nitrotoly loxyacetamides (MINTON and StepHeEn), 1595. 
C,H,,0Cl Benzyl 8-chloroethyl ether (CLemo and Perkin), 649. 
C,H,,0.N /-Atrolactinamide, preparation and rotation of (MCKENzIE and 
SmiTH), 1356 
C,H;,0,N, p-Nitrobenzaldehydedimethylhydrazone, and its hydro 
chloride (BRADY and McHueu), 1651. 
C,H,,0,N Aminotolyloxyacetic acids (MinTON and StrPHeEN), 1597. 
C,H,,NCl 8-Chloroethylmethylaniline (CLEmMo and Perky), 648. 
C,H,,0N, 3-a-Phenylethylsemicarbazides, and their hydrochlorides 
(Witson, Hoprer, and CrawForp), 869. 
C,H,,0,N Substance, from hydrolysis of ethyl Sy-dicyano-y-methylbutane-ss- 
‘dicarboxylate (Hore and SHELDON), 2282. 
C,H,,0,Cl Ethyl £-chloroglutaconate (INGoLp and NicKoLts), 1643. 
C,H,,0,Br, aa’-Dibromo-sf-diethylglutaric acid (DEsHAPANDE and 
THORPE), 1436. 
CoHlis0.Ne 1:1-Dimethyleyclopentane-3:4-dione disemicarbazone (Kon) 
4. 


C,H,,0,.N, Heptaldehydesemioxamazone (LaApworrH and MoRak), 2753. 

C,H,,0,N, isoNitrosomalondimethylamide n-butyl ether (RENDALL 
and Wurrery), 2117. 

C,H,,0,Sn, Triacetyl derivative of methylstannonic acid (LAMBOURNE), 
2537. 
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C,H,,0.N Trimethyl glucoseoxime (IRvinE and Hirst), 1220, 
C,H,,0.N Methylaminobisdimethylacetal (Kermack, PERKIN, and 
ROBINSON), 1886. 
9 IV 


C,H,0,N,C]l, Mesoxalic acid 2:4-dichlorophenylhydrazone (CuaTTAWAY 
and HARRIS), 2708. 

C,H,0,N.Br, Mesoxalic acid 2:4-dibromophenylhydrazone (CHATrAWAY 
and HaRRIs), 2709. 

C,H,0,N.Cl Mesoxalic acid chlorophenylhydrazones (CHATTAWAY and 
HanrRis), 2708. 

(,H,0,N,Br Mesoxalic acid p-bromophenylhydrazone (CuaTraway and 
Harris), 2708. 

C,H;N;Cl,S Substance, from p-chlorophenylthiocarbamide and chloropicrin 
(Ray and Das), 326. 

(,H,0,N,Cl Semicarbazones of chlorocoumaran-2-ones (Minron § and 
STEPHEN), 1602, 

C,H,0,N,Cl, 2:6-Dichloro-3-nitroaceto-p-toluidide (Davirs), 813. 

C,H,0,NC1 Nitrotolyloxyacetyl chlorides (Minton and STEPHEN), 1594. 

C,H,ONC], Acetyl derivative of 2:6-dichloro-p-toluidine (Davigs), 813. 

C,H,ONI Acetyl derivative of 6-iodo-m-toluidine (Burton and KENNER), 
680. 


C,H,0;NC1 p-Nitro-o-tolyl 6-chloroethyl ether (CLemo and PeRKIN), 645. 

C,H,.0;N,S o-Acetylcarbamidobenzenesulphonie acid, potassium salt 
(+ H,0) (Scorr and ConEn), 2042. 

C,H, NIS Benzothiazole ethiodide (Mitts), 460. 

(,H,,0,CIS 8-Chloroethyl toluene-p-sulphonate (CLEMO and PERKIN), 
644. 


C,H,,0N,S Thiocarbamideacetone, picrate of (TayLon), 2272. 
C,H,,0,NS N-Phenyl-N-methyl-8-aminoethyl hydrogen sulphate 
(SAUNDERS), 2674. 
N-o-Tolyl-8-aminoethyl hydrogen sulphate (SAuNDERs), 2673. 
9V 
C,H,0,N.BrS Acetyl-p-bromophenylcarbamide-o-sul phonic acid, potass- 
ium salt (Scorr and CoHEN), 2047. 


C,, Group. 
CioHy, Tetrahydronaphthalene, preparation of derivatives of (SrEVENSON 
and THORPE), 1717. 
C,.H;, Sabinene, oxidation of, with chromyl chloride (HENDERSON, ROBERTSON, 
and Brown), 2717. 
10 II 


CiyoH,O, 2:4-Dicarboxycyclobutane-1:3-diacetic anhydride (Ixcorp, 
PERREN, and THORPE), 1789. 

C,.H,0; Hydroxycarboxycinnamic acids (WAYNE and CoHEN), 1028. 

CioH,N a- and 8-Naphthylamines, hydroferrocyanides of (CummING), 1295. | 

CrolHOs o- and p-Hydroxystyryl methyl ketones (Buck and HEILBRON), 


CioHi90, Methyl 2-methoxy-5-aldehydobenzoate (Wayne and Coney), 
1023. ; 


Phenylsuccinic acid, preparation of (LApwortH and McRaz), 1704. 
C,.H,,N 5:8-Dihydro-a-naphthylamine, oxidation and bromination of 
(Rowe and. Davress), 1000. 
CioH,,0 Cuminaldehyde, from eucalyptus oil (PENFOLD), 266. 
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CieH,,0, 1-Hydroxycyclopentylethane-aaf-tricarboxylic lactone (Bincn 
and THORPE), 1835. 
CioH1,0, 2:4-Dicarboxycyclobutane-1:3-diacetic acids (Incoup, Perrey, 
and THORPE), 1789. 
CioH,.0, cyclo Hexanespirocyclo pentane-3:4-dione (Kon), 522. 
CyoH,,0,; a-Keto-a-campholenic acid (CHANDRASENA and INGoLp), 1554. 
CyH,.O, Ethyl muconate, addition of ethyl sodiocyanoacetate and ethyl sodio- 
malonate to (FARMER), 2015. 
Ci.H,,.0, y-Hydroxy-y-ethylpentane-aa8-tricarboxylic lactone (Bircu 
aud THORPE), 1826. 
CioH,.0 Cry ptal, from eucalyptus oil (PENFoLD), 266. 
Phellandral, from eucalyptus oil (PENFOLD), 266. 
— (Reap and Smirn), 574, 1863 ; (Reap, SmirH, and Benrivoctio), 


Sabinenilanaldehyde (HenpErson, Ropertson, and Brown), 2720. 
CyeHs0, 1:4-Dimethy]-l-ethylcyclohexane-3:5-dione (BECKER and THorpe), 
1305. 


Sabinenilanic acid, and its salts (HENDERSON, RoBERTsON, and Brown), 
2720. 
C,eH,.0, d-1:1-Dimethyl-2-y-ketobuty leyclopropane-3-carboxylic acid, 
and its sodium salt (SIMONSEN), 2295. 
Ethyl n-heptenecarboxylate (CARMICHAEL), 2549. 
Methyl] A-methyl-s-ethylglutarate (Dickens, Kon, and Tuorps), 


Ethyl butane-ay-diol-a8-dicarboxylate (INcoLp), 2694. 

aa’-Dimethyldiisobuteny] disulphide (Pops and Smirn), 1168. 

1:3:4:6-Tetramethyl fructose (InRvinz and Patrerson), 2697. 
Trimethyl methylglucoside (Haworrn and Leircu), 1928. 


10 III 

CioH,O,N, 2:4-Dinitro-a-naphthol, cobaltammine salts of (MorGAN and 
KING), 1727. 

C,.H,OS Hydroxynaphthyl mercaptans (Warson and Dutt), 2416. 

CyH,0,N, 2:6-Dihydroxy-m-a-benzbispyrrole, and its sodium salt (Davizs 
and Hickox), 2652. 

CioH,O.Ns 4:6-Dinitrophenylene-1:3-diacetic acid, and its lead salt 
(Daviess and Hioxox), 2651. 

CioH,N.S, Dimethylbenzbisthiazoles, and their salts (Epox), 774. 

CyoH,ON 6-Methoxzyindole-3-aldehyde (Kermack, PERKIN, and Rosrnson), 
1882. 


C,.H,0,Cl 3-Chlorobenzoylacetone (Morcan, Drew, and Barker), 2456. 
C,.H,O.N Methyl 6-nitropiperonylacetate (GreEenz and Rostnsoy), 
2195. 


CyoH0,N, cycloPentanespiro-2:3-dicyanocyclopropane-2-carboxylic acid 
(Brrox and THORPE), 1834, 
Phenylcyanourethane (Scott and ConEn), 2050. 
C.oH,,0,Cl, Ethyl w-dichlorotoluates (Davis and Perkin), 2211. 
Croth ON, Mesoxalic acid tolylhydrazones (OCHatraway and Haknis), 


C,.H,,0ON, cycloPentanespiro-2:3-dicyanocyclopropane-2-carboxylamide 
(Biron and THorpe), 1834. 

C,.oH;,0,Br Ethyl w-bromo-o-toluate (Davies and PerKry), 2207. 

CioH,,0,1 Ethy! wiode-o-toluate (Davies and Perkin), 2208. 
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Ng Acetyl-p-nitrobenzaldehydemethylhydrazone (Brapy and 
CollyCAotn), 1652 CE RE 
a-Triazo-8-methoxy-8-phenylpropionic acid (Forster and SavILuz), 
2601. 
CyHy10,N, Semicarbazone of methyl 5-aldehydosalicylate (WayNE 
and CoHEN), 1026. 
CHy0,N Ethyl nitrophenoxyacetates (MiINTON and STEPHEN), 1593. 
Methyl nitrotolyloxyacetates (Minron and STEPHEN), 1594. 
CyHy30N, 2:3-Dicyano-1:l-diethylcyclopropane-2-carboxylamide (BircH 
and THORPE), 1825. 
CyH130,N, 2:3-Dicyano-1:1-diethylcyclopropane-2-carboxylic acid 
(Brrcw and THORPE), 1825. 
CyoH130;N d-1:1-Dimethy]-2-y-ketobutylcyclopropane-3-carboxylic acid 
oxime (SIMONSEN), 2296. 
CywHy.O,Se Selenium 0C-bisacetylacetone (MorGAN, DREw, and BARKER), 
2449. 


Cy»H,.0,Se, Diselenium bisacetylacetone (MorcaNn, Drew, and BARKER), 
2444, 


C.H,0OBr «-Bromocamphor (Lowry, STEELE, and Buresss), 633. 

CywH,0,Br Ethyl y-bromoacetylsuccinate, preparation of (Hirst and 
MacBeETs#), 2175. 

C.oH,.0,Br, Ethy!] aa’-dibromo-8-methylglutarate (INcoLp), 2686. 

CioHy0.Br, Ethyl a8-dibromo-yi-dihydroxyadipate (CHANDRASENA and 
INGOLD), 1316. 

CyH,ON d-Piperitoneoximes, and their hydrochlorides (Reap, Smirn, and 
BENTIVOGLIO), 582. 

CyoH,,ON, cycloHexanespirocyclobutan-3-one semicarbazone (Kon), 520. 

CyH,,0,N »-Hexylsuccinimide (Lapworta and McRag), 2750. 

CyoH,,0,1 Ethyl a-iodo-8-methylglutarate (IncoLp), 2685. 

C1oH,,0,N,; Semicarbazone of a-keto-88-diethylglutaric acid (Dgsna- 
PANDE and THORPE), 1440, 

CioH1s0,N, Disemicarbazone of 1-methyl]-l-ethylcyclopentane-3:4-dione 
(Dickens, Kon, and THorpe), 1504. 

C.H,,0,N Hexylsuccinamic acid (HiccinBoTHAM and Lapworth), 52, 

CroHpC1,S, 88’-Dichloro-aa’-dimethyldiisobutyl disulphide (Pore and 
SmiTH), 1167. 


10 IV 

CyH,O,N,S 2:4-Dinitro-a-naphthol-7-sulphonie acid, cobaltammine salts 
of (MorGAN and KiNG), 1727. 

CyoH,O,.N,S, Dinitrodithioacetoacetanilide (Nark and AVASARE), 2594. 

CyoH,0,NS, 8-Amino-a-naphthol-3:6-disulphoni¢ acid, cobaltammine salt 
(MorGAN and Moss), 2864. 

CyH,ONC] 3-Chloro-7-methoxyquinoline (KeRMACK, PERKIN, and Rosin- 
SON), 1883. 

CyeH,O,NS, Dithioacetoacetanilide (NAIK and AVASARE), 2594. 

CaalheOaNCly p-Chloroacetylaminophenyl chloroacetate (BARNETT and 
Cook), e 

C,.H,,0,N,BrS Acetyl-p-bromophenylbiuret-o-sulphonic acid, potass- 
ium salt (Scorr and CouEN), 2046. 


C.oH,,0N,S Thiocarbamidecinnamaldehyde, and its salts (Taytor), 
2270. 


C,H,,0,NC1 Acetylaminophenyl-s-chloroethyl ethers (CLEMo and Pgr- 
KIN), 645. 
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CyoH,,0,N,S, Substance, from 2-thiol-4:5-dihydrothiazole and chloropicrin 
(Ray and Das), 325. 

C,oH,,0,Cl,Te Tellurium bischloroacetylacetone dichloride (Morcay 
and Drew), 936. 

C.oH,,0,Se,Cu Copper diselenium bisacetylacetone (Morcan, Drew, 
and BARKER), 2447. 

C,oH,,0,N,S p-Acetylcarbamidotoluene-m-sul phonic acid, potassium salt 
(Scott and CoHEN), 2040. 

CiyoH,,NIS Methylbenzothiazole ethiodides (Mitts), 460; (Miits and 
BRAUNHOLT2), 1493. 

C,.H,,0ON.S Phenylthiocarbamideacetone, picrate of (TayLor), 2272. 

C,oH,,0,C],Te Tellurium bisacetylacetone dichloride (Morcan and 
Drew), 929. 

C,oH,,0,N,S N-p-Nitroso-N-ethyl-8-aminoethyl hydrogen sulphate 
(SAUNDERS), 2674. 

C,oH,,0,NS, Methylethylsulphine-p-toluenesulphonylimine (Many 
and PorE), 1053. 

CyoH,0,NS N-Phenyl-N-ethyl-8-aminoethyl hydrogen sulphate 
(SAUNDERs), 2673. 

C,oH,,;0,C],Te Tellurium 0-ethylpivalylacetone trichloride (Morcax 
and DREW), 938. 


C,, Group. 
C,,H,.0, Acetyl derivative of methyl 5-aldehydosalicylate (WAYNE and 
CoHEN), 1022. 
C,,H1.0, Piperonylsuccinic acid (LapworrH and McRag), 1707. 
C,,H,.0, «Methylcyclohexane-1l:1-diacetic anhydride (Kon and Tuorpe), 
1801. 


C,,HisN, Benzaldehydediethylhydrazone, and its platinichloride (Brapy 
and McHven), 1650. 
C,,H,,0, a-Methylcyclchexane-1]:l-diacetic acid (Kon and Tuorre), 1801. 
Methyleyclopentane-l:l-diacetate (Dickens, Kon, and Tuorpe), 1502. 
C,,H,,0, Ethyl ester of hydroxy-lactonic acid, CyH,,0,(DEsHAPANDE aud 
THoRP®), 1438. 
C,,H.»0, Methyl 88-diethylglutarate (Dickens, Kon, and Tuorre), 1504. 


11 III 
C,,H,O,N Nitro-2-hydroxy-a-naphthaldehyde (MorcAN and REEvEs), 6. 
C,,H,NS «a-Naphthyl thiocyanate (CHALLENGER and WILKINSON), 100. 
C,,H,O,N Quinaldinic acid methyl betaine (Mitts and Hamer), 2011. 
C,,H,O,.N, Imide of cyclopentanespiro-2:3-dicyanocyclopropane-2:3- 
dicarboxylic acid (Bircn and Tuorpe), 1834. 
C1:H,0.N 6-Amino-2-hydroxy-3-naphthoic acid (FrRoELIcHER and CoHEN), 
1659. 


C,,H,,ON, «-Cyano-y-phenylcrotonamide (STEVENSON and TuorPE), 1720. 

C,,H,.0,N, Substance, from a-ketoglutaric acid and o-phenylenediamine (Koy, 
STEVENSON, and THORPE), 664. 

C,,H,.0,N m-Acetylaminophenoxyacetic acid (Minron and Srepuen), 
1597. 

C,,H,.0,N, Acetylcinnamantialdoximes (Brapy and THomas), 2107. 

C,,H,,0,N, «8-Dicyano-l-hydroxycyclopentylethane-af-dicarboxylic 
acid (Bircu and THorPE), 1836. 

Quinaldinie acid methonitrate (Mitts and HamER), 2012 
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CyuH».0.Hg, 3:5-Diacetoxydimercuri-4-hydroxybenzaldehyde (HENRY 
and SHARP), 1058. 
3:5-Diacetoxydimercurisalicylaldehyde (Henry and SHarp), 1056. 
Cy:H0;N, Dinitro-m-xylylpyruvic acid (Davies and Hickox), 2646. 
C:H1,0,N Methoxy-l-methylindole-2-carboxylic acid (KERMACK, 
PEKKIN, and Rosrnson), 1881. 
Cy:H»NI Methylisoquinoline methiodides (MILLs and SmiruH), 2732. 
CyuHy;0,N Acetoacet-o- and -p-toluidides (NAIK and AvasaRE), 2594. 
C,:H130,N,; N-Methyl-w-imide of aa’-dicyano-aff-trimethylglutaric 
acid (Kon and TuHorpEe), 1799. 
w-Imide of aa’-dicyano-88-dimethyl-a-ethylglutaric acid (Kon and 
THORPE), 1800. 
CrHss0.N 2-Acetylamino-p-tolyloxyacetic acid (MINTON and STEPHEN), 
1598. 


C,:H,,0,N 3-Carbethoxyamino-4-methoxybenzoic acid (FROELICHER and 
CoHEN), 1656. 
Ethyl nitrotolyloxyacetates (MINTON and STEPHEN), 1594. 
C,,H,,0;N; Pyruviec acid m-methoxyphenylmethylhydrazone 
(KERMACK, PERKIN, and Rostnson), 1881. 
C,,H,,0O;N, «8-Dicyano-y-hydroxy-y-ethylpentane-aS-dicarboxylic acid 
(Bixcu and THORPE), 1827. 
C,,H,,ON, Acetone-d-benzylsemicarbazone (Witson, Hopper, and 
CRAWFORD), 867. 
Substance, from cyclohexanespirocyclopentane-3:4-dione semicarbazone and 
mineral acids (Kon), 522. 
C,,H,,0,N, p-Nitrobenzaldehydediethylhydrazone, and its salts (BRADY 
and McHves), 1651. 
C,,H,,0,N Ethyl a-cyano-8-methylglutaconate, and its action with 
ammonia and with water (Horr), 2216. 
C,,H,,N,S Acetone-S-benzylthiosemicarbazone (WILSON and Burns), 873. 
C,,H,,0,N, Semicarbazone of a-keto-a-campholenic acid (CHANDRASENA 
and INGOLD), 1555. 
70,.N Ethyl a-cyano-y-ethylglutaconate (INGoLD, PERREN, and 
HORPE), 1782. 
C,,;H;,0,.N, cycloPentanespirocyclopentane-3:4-dione disemicarbazone 
(Kon), 526 
C,,H,,ON, d-Piperitone semicarbazones (READ and SmirtnA), 1868. 
C,,H,,0,N, Semicarbazone of d-1:1-dimethyl-2-y-ketobutylcyclopropane- 
3-carboxylic acid (SImoNnsEN), 2295. 
Semicarbazone of methyl] 1:1-diethylcyclobutan-3-one-2-carboxylate 
(Dickens, Kon, and THorPe), 1504. 
C,,H.»0.N, Disemicarbazone of 1:l-diethylcyclopentane-3:4-dione 
(Dickens, Kon, and THorpr), 1506. 
C,,H,,0,N, Semicarbazido-dl-piperitone, and its hydrochloride (READ and 
SMITH), 1869. 


Cult, 


11 IV 
C,,H,0,N,Cl, Citraconyl-2:4-dichlorophenylhydrazides (CHATTAWAY 
and PARKES), 287. 
C,,H,O,.N,Br, «-Citraconyl-2:4-dibromophenylhydrazide (CHaTraway 
and ParKEs), 287. 
C,,H,O,NSe Cyano-3-selenium benzoylacetone (Morcan, Drew, and 
Barker), 2455. 
C,,H,O.N.Cl Citraconylchlorophenylhydrazides (CHatraway and 
Parkxs), 286, 
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C11H,0.N,Br Citraconylbromophenylhydrazides (CHATTAWAY nd 

'ARKES), 287. 

C,,H,0,N,S, Dinitrodithioaceto-p-toluidide (Naik and AVASARE), 2595. 

Cy;Hy0,NCl Quinaldinic acid methochloride (Mitts and Hamer), 2012. 

C,,H,,0,NS, Dithioacetoaceto-toluidides (Naik and AVASARE), 2594. 

C,,H,,0,N,Cl Citraconic acid p-chlorophenylhydrazide (CHatraway 
and PARKES), 285. 

C,,H,,0,N,Br Citraconic acid p-bromophenylhydrazide (CHATTAway 
and PARKES), 286. 

C,,H,,NIS Phenylmethyltbiazole methiodides (MiLLs and Smitn), 2735, 
2737. 


C,,H,,0,N,Cl p-Chlorophenylhydrazine citraconate (CHATTAWAY and 
PARKES), 285. 
C,,H,,NIS 1:5-Dimethylbenzothiazole ethiodide (MiLts), 463. 
C,,H,,0,NS, Diethylsulphine-p-toluenesulphonylimine (Mann and 
Pore), 1053. 
11 V 


C,,H,,0,NC1,S, 88’-Dichlorodiethylsulphine-p-toluenesulphonylimine 
(Mann and Porr), 1053. 


C;, Group. 
C,,H,N, Carbazole-3-diazoimine (Morcan and Reap), 2712. 
C,:H,N, 3-Triazocarbazole (Morcan and Reap), 2714. 


C,,H,.0, Methoxynaphthoic acids, preparation of (FROELICHER and 
Couzn), 1656. 


C,zH;~N. Harmine (Kermack, Perkin, and Rosinson), 1872. 


C,:H,.Pb Lead dipheny], salts of, with organic acids (GopparD, ASHLEY, and 
Evans), 981. 


C,.H;,.0, Ethyl 2-hydrindone-l-carboxylate (PERKIN and TiTLEy), 1566. 


ac-1-Ketotetrahydronaphthalene-3-acetic acid (STEVENSON and 
THORPE), 1721. 


C,,H,,0; Acetoxybenzanthronecarboxylic acid (BrapsHaw and PERKIN), 
914 


CyoHy20;. vyi-Dihydroxy-An-octatriene-aded-tetracarboxylic acid 
(CHANDRASENA and INGOLD), 1319. 

C,zHyN, Benzidine, hydroferrocyanide of (CuMMING), 1296. 

Cy.H,.0, Methyl 1-methyl-l-ethylcyclopentane-3:4-dione-2:5-dicarboxyl- 
ate (DickENs, Kon, and THorRPE), 1503. 

Cy2Hy,0, cis- and trans-2:4-Dicarboxycyclobutane-1:3-di-a-propionic acids 
(LNGOLD, PERREN, and THorpPs), 1787. 

CysH,N, Dinitrile of 1-methyl-l-n-hexylcyclopropane-2:3-dicarboxylic 
acid (Brrcw and Tuorpe), 1828. 

Ci2Hy,0, cts-1-Methy]-1-n-hexylcyclopropane-2:3-dicarboxylic anhydride 
(Brrcow and THorpPe), 1829. : 

C,,H,.0, Ethyl d-1:l-dimethyl-2-y-ketobutylcyclopropane-3-carboxylate 
(StmonsEn), 2297. 

CieHy90, a-Ethylceyclohexane-l:l-diacetic acid (Kon and Torre), 1802. 


y-Hydroxy-y-methylnonane-aS-dicarboxylic lactone (Brron and 
THORPE), 1830. 


Methyl cyclohexane-1:l-diacetate (Dickens, Kon, and Taorps), 1505. 
cis- and trans-1-Methyl-l-n-hexylcyclopropane-2:3-dicarboxylic acids 
(Brrcow and THorpsE), 1829. 
Cy2H0, Methyl trimethyltricarballylate (Hope and SHELDON), 2235. 
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0yHs0;, Sucrose, inversion of (Moran and Lewis), 1613; oxidation of, by 
nitric acid (CHATTAWAY and Harris), 2703. 
40, Laurie acid, potassium salt, ultra-filtration of solutions of (McBAIN 
and JENKINS), 2325; sodium salt, equilibrium of sodium chloride, water, and 
(McBain and Burnett), 1320. 


12 III 
(yH;0,,N, Dipicrylamine, cobaltammine salts of (MorGaN and Kine), 1726. 
(sH,ON, N-Nitrosocarbazole (Morcan and Reap), 2712. 
CyH,ON, Carbazole-3-diazonium hydroxide, salts of (MorGAN and READ), 
2711. 


Cull, O,N 4-Nitro-l-methoxy-2-naphthoic acid (FRoxLicHer and Coney), 
1657. 


CyH,N,Cl 8-Chloro-l-methyl-4-carboline (KeRMAcK, Perkin, and Rostn- 
sON), 1885. 

CisHy0S8, Di-m-hydroxyphenyl disulphide (Watson and Dutt), 2415. 

CyHieO3N, Benzeneazohydroxyquinol (MuKErs1), 551. 

CH19Q.N, 6-Carbamido-2-hydroxy-3-naphthoic acid (FrogticuzrR and 
CoHEN), 1660. 

CxH100,N, p-Nitrobenzenehydrazo-o-nitrophenol (MuKERs!), 2881. 

CyHjoC1T1 Thallium diphenyl chloride (Gopparp), 40. 

CyHyBrTl Thallium diphenyl bromide (D. and A. E. Gopparp), 258. 

CyH,,ON a8-Naphthadihydroisooxazine (CLEMO and PERKIN), 647. 

CoH,,0C1 a- and #-Naphthyl g-chloroethyl ethers (CLEmo and PERKIN), 


CeHi,0,.N Quinaldinic acid ethyl betaine (Mitus and Hamer), 2014. 

C2H,,0,N Aminomethoxynaphthoic acids (FrogLicHER and CoHEn), 
1658. 

CyHy,0,.N, Citraconyltolylhydrazides (CHaTraway and PARKES), 288. 

CsHiN,S 4-Benzeneazo-l-naphthyl mercaptan (Watson and Durr), 
1940, 

CyH;;0N Ethoxyquinaldines, and their salts {BrRaAUNHOLTz), 170. 

CH,;0,.Br 8-Bromo-yi-dihydroxy-Ao1-octadiene-aded-tetracarboxylic 
acid (CHANDRASENA and INGoxp), 1318. 

CyH,,0;N, Citraconic acid o-tolylhydrazide (CHarraway and PARKEs), 
287. 


CyH1,0,.N, Ethyl af-dicyano-8-methylglutarate, preparation of (Horr 
and SHELDON), 2226. 

C3H,.0,Br, Ethyl dibromodiacetylsuccinate, preparation of (Hirst and 
MacsBEts), 2175. 

CsH,,ON, Acetone-8-a-phenylethylsemicarbazones (Witson, Hopper, 
and CRAWFORD), 869. 

CxH,.0,Se Selenium C-ethyl-0C-bisacetylacetone (Morcan, Drew, and 
BARKER), 2451. 

CsH,,ON, 2:3-Dicyano-1-methyi-1-n-hexylcyclopropane-2-carboxylamide 
(Bincn and Tnorpe), 1827. 

CisHapO.N,  cycloHexanespirocyclopentane-3:4-dione disemicarbazone 
(Kon), 522 

CisH.,0;N Amide of trans-1-methyl-1-n-hexylcyclopropane-2:3-dicarb- 
oxylic acid (Brrou and TuHorpr), 1828. 

C3H,0,N,  ¢rans-1-Methy]-1-n-hexy leyclopro pane-2:3-dicarboxylamide 
(Brecon and THorpPe), 1828. 

12 IV 
CxH,O.NsMg Magnesium nitrophenoxides (Gopparp and Warp), 264. 
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C,,H,0,N,Pb, Lead m- and p-nitrophenoxide (Gopparp and Warp), 264, 

C,,H,Cl,BrBi Di-p-chlorophenylbromobismuthine (CHALLENGER ani 
Ripeway), 110. 

C,,H,Cl,IBi Di-p-chlorophenyl odobismuthine (CHALLENGER  anj 
Kipeway), 110. 

C,,H,ON,.Cl 4’-Chloro-2-benzeneazophenol (CHarraway and HI), 2757, 

C,,H,ON,Br 4’-Bromo-2-benzeneazophenol (CHArtTaway and HILL), 2758, 

C,,H,ON,I 4’-lodo-2-benzeneazophenol (CHatraway and HILL), 2758, 

C,,.H,ON.S Diphenyl-4:4’-bisazohydroxy-2 phenyl mercaptan (Watsoy 
and Durr), 2415. 

C,:H,O,N,S 3-Nitro-4-thiolbenzeneazo-4-hydroxy-2-phenyl mercaptan 
(Watson and Dutt), 2417. 

C,,H,,0,NCl 1-Nitro-8-naphthyl S-chloroethyl ether (CLEMO ani 
PERKIN), 646. 

C,:H,,ONCl 1-Amino-8-naphthyl B-chloroethyl ether (CLEMO and 
PERKIN), 647. 

C,,H,,ONBr 4-Bromo-5:8-dihydroaceto-a-naphthalide (Rowgand Daviss), 
1006. 


C,,H,,/NBr, 4:6:7-Tribromotetrahydroaceto-a-naphthalide (Rowe and 
Davy 2s), 1006. 

C.,H,,0,NCl Quinaldinic acid ethochloride (Mitts and Hamer), 2013. 

C,,H,,0,NI Methyl quinaldinate methiodide (Mitts and Hamer), 
2011. 


C,,H,,ONBr, 6:7-Dibromotetrah ydroaceto-a-naphthalide (Rowe and 
Daviks), 1005. 
C,.H,;0,NS N-a-Naphthyl-8-aminoethyl hydrogen sulphate 
(SAUNDERS), 2675. 
12 V 


C,.H,.0,N.Se,Cu Copper cyano-3-selenium acetylacetone (Moreas, 
Drew, and BARKER), 2448. 


C,,; Group. 
C,,H,0O, 1:3-Dihydroxyxanthone (+H,O) (NismiKAwA and Rosrnsoy), 
841. 


C,,H,N, Carbazole-3-diazocyanide (MorGan and Reap), 2714. 
C,;H,,0, Tetrahydroxybenzophenones (NisHixawa and Rosrnson), 842. 
Substance, from oxidation of the lactone of 3-hydroxy-2-0-carboxybenzyl-2- 

methyleyclopropane-1-carboxylic acid (Kon, SrEVENSON, and THoRrs), 663. 

C,,H;.Cl, Benzophenone chloride, action of sodium methoxide and its 
homologues on (MACKENZIE), 1695. 

C,;H,,0; cis-1-Benzyl-l-methylceyclopropane-2:3-dicarboxylic anhydride 
(Brncu and THorPE), 1833. 

C,3H,,0, Lactone of 3-hydroxy-2-0-carboxy benzyl-2-methylcyclopropane. 
l-carboxylic acid, and its silver salt (Kon, STEVENSON, and THorPe), 662. 

Lactone of ac-l-keto-2-hydroxy-3-methyltetrahydronaphthalene-3- 

acetic acid, and its silver salt (Kon, Srevenson, and Tuorre), 660. 

C,3H,,0; p-Methoxycinnamylidenemalonic acid (HiccGinsorHam and 
LaPpwortH), 2828. 

C,;H,,0, Methylene bis-2:3:5:6-tetrahydroxy benzene (MUKERJI), 549. 

Cy3Hi,N, Dinitrile of trans-1-benzyl-1-methylcyclopropane-2:3-dicarboxy- 
lic acid (Brrcu and Tuorps), 1831. 

C,,H,O, Ethyl 1-methyl-2-hydrindone-l-carboxylate (PERKIN and 
TITLEY), 1569. 
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40, cis- and trans-1-Benzyl-1-methylcyclopropane-2:3-dicarboxylic 
acids (Bircu and THorPE), 1832. 

yHydroxy-y-benzylbutane-a8-dicarboxylic lactone (Brrcn and THORPE), 
1833. 


H,,0, a-o-Carboxybenzyl-a-methylsuccinic acid (Kon, STEVENSON, and 
THORPE), 662. 
H,.N, Quinoxaline derivative of 1:1-dimethylcyclopentane-3:4-dione 
(Kon), 524. 
CsH\0, Ethyl homophthalate, preparation of (Davies and Perkin), 2208. 
CHO... Methyl cyclopentanespirocyclopentane-3:4-dione-2:5-dicarboxyl- 
ate (Dickens, Kon, and THorre), 1502. 
CHO, jj|Ethyl 1:4-dimethyl-1-cyclohexane-3:5-dione-2-carboxylate 
(BECKER and THORPE), 1304. 
CyH.eO. y5-Diacetoxydihydro-a-campholytic acid (CHANDRASENA, IN- 
GOLD, and THORPE), 1549. 
Ethyl isobutylenetricarboxylate (INcoLD and NicKOLLs), 1645. 
CyH20, Ethyl 3:3-diethylcyclopropanol-1:2-dicarboxylate (DESHAPANDE 
and THORPE), 1441. 


13 III 
C,sH,0,N Nitro-8-naphthacoumarin (MorGaN and Regevss), 7. 
(:H,O,N, 2:4-Dinitrobenzaldoxime-N-nitrophenyl ethers (Barrow, 
GRIFFITHS, and BLoom), 1716. 
CyH,O.N, m- and p-Nitrobenzylidenenitroanilines (INGoLpD and Piecort), 
2799. 


C,H,O;N, Dinitrobenzaldoxime-N-phenyl ethers (Barrow, GRIFFITHs, 
and Bioom), 1714. 
2:4-Dinitrobenzanilide (BAkRow, GRIFFITHS, and BLooM), 1714. 
m-Nitrobenzeneazosalicylic acid, chromic and cobaltammine salts of 
(MorcaNn and Sirs), 2870. 
C,sH,,0.N, Benzylidene-o-nitroaniline (INGoLD and Piccorr), 2804. 
C,3H:00;N, p-Hydroxybenzylidene-m-nitroaniline (INcoLp and Pieeort), 
2799. 


C,:H,NBi Diphenylcyanobismuthine (CHALLENGER and WILKINSON), 98. 

C,;H,,0,N 2:4:6:2’-Tetrahydroxydipheny! ketimine, and its hydrochloride 
(NISHIKAWA and RosBinson), 840. 

C,;H,,0,N 2-Carboxyindole-1:3-diacetic acid (KgRMACK, PxRKIN, and 
RosBinson), 1893. 

C.sH.ON, 5-Keto-4:7-dimethyl-4:5-dihydroindolediazine(1:4) (Kermack, 
PERKIN, and Rosinson), 1888. 

2-0-Tolueneazophenol (Caarraway and HILt), 2758. 

C,;H,,0.N, 11-Methoxy-3-keto-4-methyl-3:4-dihydro-4-carboline (KEr- 

MACK, PERKIN, and KoBINsoN), 1889. 
11l-Methoxy-5-keto-4-methyl-4:5-dihydroindolediazine(1:4) (Kermack, 

PERKIN, and Rosinson), 1890. 

C,sH,.0,N, Carbamido-l-methoxynaphthoic acids (FRogLICHER and 
Conrn), 1658. 

C,,H,;0,N Imide of 1-benzyl-1-methylcyclopropane-2:3-dicarboxy lic acid 
(Brkcu and THoRPE), 1832. 

C,5H,,0,N Oxime of ac-l-keto-2-hydroxy-3-methyltetrahydronaphtha- 
lene-3-acetic lactone (Kon, STEVENSON, and THORPE), 662. 

C,,H,,0,N,; Nitroacetanilide-w-pyridinium hydroxides, salts of (Bar- 
NETT and Cook), 794. , 

C,,H,,ON, Harmaline (Kermack, Perkin, and Rosinson), 1872. 
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C,;H,,0.N, Acetanilide-w-pyridinium hydroxide, salts of (BARNETT anj 
Cook). 794. 

C,3H,,0,N, Substance, from aa-dihydroxy-88-dimethylglutaric acid and o-phenyl. 
enediamine (Kon, STEVENSON, and TuorpPs), 665. 

C,3H,,0,N. = 2:3:5-Triketo-6-a-methoxybenzyl-l(or 4)-methylpiperazing 
(ForsT«r and SAVILLE), 824. 

Ci3H,,OsN, «8-Dicyano-l-hydroxy-3- and -4-methylcyclohexylethane-ag. 
dicarboxylic acids (Brrcu and Tuorpek), 1836. 

C,3H,,0;N, Semicarbazone of ac-l-ketotetrahydronaphthalene-3-acetic 
acid (STEVENSON and THoRPEk), 1721. 

C,sHisN,S_ 2:2’:4:4’-Tetra-amino-5:5’-dithioldiphenylmethane (Warsoy 
and Dutr), 1943. 

Cust sONs N-Methyltetrahydronorharmine (KERMACK, PeRKIN, and Rosty. 
son), 1891, 

C,;3H,.0,;N, Indole-2-carboxydimethylacetalylamide (Krrmack, Perkin, 
and Rospinson), 1892. 

C,;H,,0.N, N-Ethyl-w-imide of aa’-dicyano-88-dimethyl-a-ethyl glutaric 
aci (Kor and THorpe), 1800. 

C,,H,,0,N Salicylidene glucosamine (IRvink and Eart), 2878. 

C,;H,,0.N. 2:3-Dicyano-l-methyl-1-n-hexylcyclopropane-2-carboxylic 
acid, and its silver salt (BincH and TuorPE), 1827. 

C,;H;,0,N, Ethyl dicyanomethylbutanedicarboxylates (Hore ani 
SHELDON), 2229, 2232. 

C,;H,,0N §8-Benzyloxytriethylamine (CLEMo and PerRKIn), 649. 

C,;H,0,N, Ethyl] piperidinomethylenemalonate (IncoLtp, PeRREN, and 
THORPE), 1785. 

C,;H,0,N 3:5:6-Triacetyl-l-methyl glucosamine (Invinz and EaRz), 2381. 

C,;H,0,Br, Ethyl aa’-dibromo-#s-diethylglutarate (DESHAPANDE and 
THORPE), 1436. 

C,;H,0,N; Semicarbazone of ethyl d-1:1-dimethy]-2-y-ketobutylcydo. 
propane-3-carboxylate (SIMONSEN), 2297. 

C.;H.,0,,Sn, Penta-acetyl derivative of methylstannonic acid (Law. 
BOURNE), 2537. 


13 IV 
C,;sH,0,N,Br m-Nitrobenzylidene-p-bromoaniline (INcotp and Ptecorn), 
2800. 


C,:,H,,ONBr p-Hydroxybenzylidene-p-bromoaniline (INcotp and Pic 
GeoTT), 2798. 

Crate NS EY Diphenylthiocyanobismuthine (CHALLENGER and WILKIN- 
son), 98. 

C,;H;,0,NC1 Phenyl acetate w-pyridinium chloride (+5H,O) (Barner 
and Cook), 797. 

C,;H,,0,N,Cl Ethyl 5-chloro-2:4-dinitro-6-methylphenylacetoacetate 
(Davis and Hickox), 2647. 

C,,H,,0,,C],Sn, Chloroacetyl derivative of methylstannonie acid (Law- 
BOURNE), 2538. 


13 VI 


C,;H,,0,;NC1,SAs 6p’8”-Trichlorotrivinylarsine-p-toluenesul phonyl- 
imine (MANN and Pork), 1758. 


C,, Group. 


C,,Hi, Phenanthrene, solubility of, in organic solvents (Henstock), 2124. 
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14 II 

CyH,0, 1:2:4-Trioxy-5:8-dihydroxyanthraquinone, amminocobaltic salt 

(Morcan and SMITH), 168, 

CyH.0, 1:2-Dioxyanthraquinone, 2-pentammino-1:2-dicobaltic salt (MORGAN 
and SMITH), 166. 

C,4H.0. 1:2-Dioxyhydroxyanthraquinones, cobalt and amminocobalt salt 
(MorGAN and SmiruH), 166. 

CyH.0,  1:2-Dioxy-5:8-dihydroxyanthraquinone, 2-pentammino-1:2-di- 
cobaltic salt (MorGAN and Sirs), 167. 

CuHsOs 2-Hydroxyanthraquinone, reduction of (PzERKIN and WHaTTAM), 
289. 


CyH.Cl, Dichloroanthracene, preparation of (BARNETT, Cook, and GRaIN- 
GER), 2068. 

CyHsBr, Dibromoanthracene, preparation of (BARNETT, Cook, and GrRaIn- 
GER), 2065. 

CulluOs Diacetylacetone, preparation of, and its salts (CoLiiz and REILxy), 
1984, 


CHO; Substance, from ethyl 5-aldehydosalicylate and acetylacetone (WAYNE 
and CoHEN), 1027. 

CuHy.O% vy-Hydroxy-y-benzylbutane-aa8-tricarboxylic lactone (Bircu 
and THORPE), 1833. 

CuHieN, o-Tolidine, hydroferrocyanide of (CummInG), 1296. 

CyuH1,0, Diethyl o-phenylenediacetate (PERKIN and TiTLey), 1565. 

CyuH0, Tetra-acetylaceritol (PeRKIN and Uyepa), 71. 

Menthyl hydrogen succinate (SHimomuRA and CoHEN), 2056. _ 


CHO, 
Ethyl B-methylmethanetriacetate (INGoLD), 1149. 


CHO, 


14 Ill 

C,H,O,.N 1:2-Dioxy-3-nitroanthraquinone, 2-pentammino-1:2-dicobaltic salt 
(MorGAN and Smits), 166. 

CyH,0,S 1:2-Dioxyanthraquinone-3-sulphonic acid, 2:3-dipentammino- 
1:2:3-tricobaltic salt (MoRGAN and Samira), 167. 

CyH,O.,N, 4:6:4:6’-Tetranitrodiphenic acid, resolution of, and its salts 
(Curistrgz and KENNER), 614. 

CyH,O,N 1:2-Dioxy-3-aminoanthraquinone, 2-tetrammino-1:2-dicobaltic 
salt (MorGAN and SmiTH), 168. 

Cy.H,O.N, Dinitroanthracene, preparation of (BARNETT, Cook, and Grain- 
GER), 2065 

Cy4H,O.N, 2:4-Dinitrobenzil (Bisnor and Brapy), 2368. 

C,,H,O,N, 7-6:6’-Dinitrodiphenic acid, resolution of, and its salts (CHRISTIE 
and KENNER), 614. 

C,H,O,N, Tetranitrostilbenes (BisHop and Brapy), 2367. 

Cy4H,O,N, 2:4-Dinitrobenzilmonoximes (BisHop and Brapy), 2368. 


CyuH,0,S, p-Disulphidobenzoic acid (Sites and Harrison), 2022. 

0,,H,,0,N, Benzeneazo-4-oxybenzenedicarboxy lic acid, cobaltammine salts 
of (MorGAN and Smiru), 2872. 

C,,.H,,0,N, Nitrobenzylidenenitrobenzylamines (INcouD and Piccorr), 
2386, 2801 

Cy4H,,0,N, 2:4-Dinitrobenzaldoxime-N-tolyl ethers (BARRow, Grirrirus, 
and Bioom), 1715. 

C,,H,,0,N, Benzylidenenitrobenzylamines, and Nitrobenzylidene 
benzylamines (INGoLD and Piacorr), 2385. 

C,,.H,,0,N, Nitrophenoxyacetanilides (MinToN and STEPHEN), 1594. 
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14 III FORMULA INDEX. 


C,,H,,0,N, °%:4-Dinitrobenzaldoxime-N-p-methylaminophenyl ether 
(Barrow, GRIFFITHS, and BLoom), 1716. 

C,,H,,0N, 2:3-Dicyano-1-benzy]-l-methy]cyclopropane-2-carboxylamid: 
(Brrew and THORPE), 1830. 

N-Ethylearbazole-3-diazonium hydroxide, salts of (MorGaAN and Reap), 

2715. 

C,,H,,0,S, Benzy] disulphoxide, decomposition of (Smyrux), 1400. 

C,,H,.N,S 3-Amino-7-dimethylamino-4-thiol] phenazine (Watson and Durr) 


C,,H,,CIT1 Thallium di-o- and -p-toly1 chlorides (D. and A. E. Goppanrp), 
258. 


C,,H,,BrTl Thallium di-p-tolyl bromide (D. and A. E, Gopparp), 258, 
C,,H,,CIBi Di-p-tolylchlorobismuthine (CHALLENGER and Ripeway), 113, 
C,,H,,ON §8-Phenoxyethylaniline (CieMmo and Perxtn), 645. 

C,,H,,0,N, Semicarbazone of ac-1-keto-2-hydroxy-3-methy]tetrahy dro. 
naphthalene-3-acetic lactone (Kox, STEVENSON, and THoRPE), 662. 
C,,H,.0.N, Aceto-o- and -p-toluidide-w-pyridinium hydroxides, salts of 

(BARNETT and Cook), 794. 
o-Dianisidine, hydroferrocyanide of (CumMmING), 1296. 
C,,H,,0,N, Substance, from a-keto-84y-trimethylsuccinic acid and o-phenylene- 
diamine (Kon, STEVENSON, and THORPE), 664. 
Cy.4H,,.0,N.  2:3:5-Triketo-6-a-methox y benzy]-1:4-dimethyl piperazine 
(ForsTER and SAVILLE), 824. 
Diamide of 1-benzyl-l-methylcyclopropane-2:2:3-tricarboxylic acid 
. (Brrew and THorpe), 1831. 
C,,H,,ON 8-Naphthyl-8-dimethylaminoethyl ether, hydrochloride of 
(CLEmo and Perky), 646. 
C,,H,,0.N, -Imide of aa’-dicyano-aa’-dimethylcyclohexane-1:l-diacetic 
acid (Kon and THorpe), 1802. 
w-Imide of aa’-dicyano-a-ethylcyclohexane-l:l-diacetic acid (Kon and 
THORPE), 1802. 
N-Methyl-w-imide of  aa’-dicyano-a-methylcyclohexane-1:1l-diacetic 
acid (Kon and THorpe), 1801. 
C,,H,,0,N, Ethyl 1-methy]-2-hydrindone-l-carboxylate semicarbazone 
(PERKIN and TirLEy), 1570. 
C,,H,,0,N Indican, constitution of (MacberH and Prypk), 1660. 
2-Salicylidene-l-methyl glucosamine (Irving and Eart), 2379. 
C,,H,,0,N, Indole-2-carboxydimethylacetalylmethylamide (KeRMack, 
PERKIN, and Rosrnson), 1886. 
3-Keto-4-methyl-3:4-dihydro-4-carboline (KERMAcK, PERKIN, and Ropty- 
SON), 1887. 
C,,H»~O,N, Ethyl By-dicyano-y-methylpentane-83-dicarboxylate (Hore 
and SHELDON), 2234. 
Ci4H»~0,N, «8-Dicyano-y-hydroxy-y-methylnonane-af-dicarboxylic 
acid (Brron and THorpe), 1830. 
Substance, from a-keto-8Sy-trimethylsuccinic acid and p-phenylenediamine 
(Kon, STEVENSON, and THORPE), 664. 
C,.H,y,0,N, w-Imide of aa’-dicarbamyl-aa’-dimethy lcyclohexane-1:1-di- 
acetic acid (Kon and Taorps), 1803. 
C,,H,,0,Se Selenium bis-C-ethylacetylacetone (Morcan, Drew, and 
Barxen), 2461. 
C,,H,,0,Se, Diselenium bis-C-ethylacetylacefone (Monean, Drew, and 
ARKER), 2464. 
C,,Hy0,N, Semicarbazone of the oxaly] derivative of ethyl glutarate 
(Dickens, Kon, and Tuorpe), 1501. 
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2D 2 2 aa 20200 2 


FORMULA INDEX. 14 ITI—15 III 


CuHs0S;. Substance, from potassium dithioethylene glycol and chloropicrin 
(RAy and Das), 326. 


ether 


14 IV 

C,H,O,N,Cl Substance, from a-2:4-dinitrobenziloxime and phosphorus penta- 
chloride (BtsHop and Brapy), 2369. 

CyHi0;N,Cl Nitrophenylhydrazones of chlorocoumaran-2-ones (MIN- 
TON and STEPHEN), 1602. 

CyuHi00,N,Cl, 2:2’-Dichloro-6:6’-dinitro-4:4’-ditolyl (Burron and KeEn- 
NER), 495. 

CuH,2ON;,Cl p-Chloroacetylaminoazobenzene (Barnett and Cook), 795. 

CyH120,NCl Chlorophenoxyacetanilides (Minron and SrepuEn), 1601. 


‘lamide 


| Reap), 


d Durr), 


DDARD), 


258. CyH1.0.N,S 9-Dimethylamino-2-thiol-3-phenoxazone (Watson and 
r), 113, Dutt), 1942. 
C44Hi20,NCl 0-Acetoxybenzoic acid w-pyridinium chloride (BARNETT 
hydro. aud Cook), 797. 
32. C,,H,20,N.Pb Lead nitrotolyloxides (Gopparp and WARD), 265. 
salts of B (,,H,,.0,,N,Pb, Lead dinitro-o-tolyloxide (Gopparp and Warp), 265. 
C,,4H,,0;N;3S Methyl-orange, use of, as an indicator (HICKMAN and LIN- 
STEAD), 2502. 
nylene- § (,,H,,ONI Ethoxyquinaldine ethiodides (BrauNHOLTz), 170. 
. CyHiN.CIS Phenylhydrazinoethanesulphonylphenylhydrazide 
razine hydrochloride (CLuTTERBUCK and CoHEN), 127. 
as C,; Group. 
ide of @ CysH,,;N 2:3-Indeno(2:1)-indoJe (Arnmir and Ropinson), 838. 
C,sH,,0, 2-Hydroxystyryl furfurylidenemethyl ketone (Buck and 
rcetic HEILBRON), 1100. 
C,,H,,0, Acetyl derivative of ac-1-keto-2-hydroxy-3-methyltetrahydro- 
N and naphthalene-3-acetic lactone (Kon, STEVENSON, and THoRPE), 661. 
C,;H,,0, Catechin, constitution of (NIERENSTEIN), 604. 
cetic  CisHigN, Quinoxaline derivative of cyclopentanespirocyclopentane-3:4- 
dione (Kon), 526. 
azone C,;H,,0, Castelin (+3H,0) (Bosman), 970. 
Ethyl hydrogen Ae-butene-ad-dicarboxylate-8-malonate (FARMER), 
2018. 
C,;H.,0, Menthyl acetylpyruvate (SHimomuRA and CoHEN), 2053. 
MACK, 15 Ill 
— C,,H,0,Cl Chloro-l-benzylidenecoumaran-2-ones (MINTON and STEPHEN), 
aia 1602. 
Hore § C15H,05C1 Chloroflavonols (Minron and STEPHEN), 1602. 
C,;H,.0,N, Phthsalylphenylcarbamide (ELuiorr), 206. 
C.:sHioN,S, Dibenzothiazolylmethane (Mitts), 464. 
C,,H,,0,N Benzoylmandelonitrile, action of alcoholic sodium ethoxide on 
mine (GREENE and Rosinson), 2182. 
C,;H,,0,C1 Chlorodibenzoylmethane (Morgan, Drew, and BARKER), 2463. 
1-di- ,0,N, Cinnamantialdoxime-2:4-dinitrophenyl ether (Brapy and 


CoH, 


HOMAS), 2106. 
CrsHs,00Ns 2:4-Dinitrobenzilmonosemicarbazone (BisHop and Brapy), 
370. 


C,;H,,0,N,; Nitrophenylhydrazone of methyl aldehydosalicylate 
(WayYNE and CoHEN), 1027. 
C,;H,,0;N, Phenylhydrazone of methyl 5-aldehydosalicylate (WaYNE 
and CoHEN), 1026. 
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15 INI—15 IV FORMULA INDEX. 


C,.H,,0,N, Nitrotolyloxyacetanilides (Minton and STEPHEN), 1505. 
C.sH,,0,N, «8-Dicyano-y-hydroxy-y-benzylbutane-af-dicarboxylic acid 
(Brecn and THorpE), 1833. 
C.,H,,0,N, Dinitrobenzaldoxime-N-p-dimethylaminophenyl ethers 
(Barrow, GRIFFITHS, and BLoom), 1715. 
2:4-Dinitrobenzaldoxime-N-p-ethylaminophenyl ether (Barrow, 
GRIFFITHS, and BLoom), 1716. 
C,,H,,ON, Benzylidene derivative of 5-benzylsemicarbazide (Witsoy, 
OPPER, and CRAWFORD), 868. 
C,,H,,0,N, Aminomalonanilide (Renpat and Wuire.ey), 2119. 
C,,H,,0,N Carbethoxyaminomethoxynaphthoic acids (FROELICHER and 
CoHEN), 1658. 
C,,H,N,;S Benzaldehyde-S-benzylthiosemicarbazone (WiILSON and 
URNS), 874. 
C,,H,,ON 7- and /-Phenyl-p-tolylacetamides (McKenziz and Samira), 1357. 
CisHyN,Cl, Dibenzylecyanamide dihydrochloride (SHorr and Smrrn), 
1806. 


Cy,H,,0O,N Anil of cis-3:3-diethylcyclopropane-1:2-dicarboxylic acid 
(DESHAPANDE and THorRPE), 1438. 

C,,H;,0,N Ethyl a-cyano-o-carbethoxy-f-phenylpropionate (Davizs 
and PERKIN), 2210. 

C,,H,,0,N, cycloHexanespirocyclobutan-3-one p-nitrophenylhydrazone 
(Kon), 521. 

C\sH,,0,N Anilic acid from cis-3:3-diethyleyelopropane-1:2-dicarboxylic 
acid (DESHAPANDE and THorPE), 1438. 

CisH1,0,N,; Phenylhydrazone of ethyl 8-methyleyclobutan-l-one-3- 
acetate (INGOLD), 1152. 

CisH0,N Ethyl o-carbethoxybenzylmalonamate (Davizs and Perkin), 
210. 


C,,H,ON, Substance, from cyclohexanone and ethyl a-cyanopropionate (Kon 
and ‘THorPE), 1802, 

Cc O,N, 6-Methoxyindcle-2-carboxydimethylacetalylmethylamide 
(KerMACK, PERKIN, and RosBinson), 1889. 

CisHyN, ay-Propanedisulphonyldiphenylhydrazide (CLuTTERBUCK 
and CoHEN), 127. 

CyH,,0,N Semianilide of a-ethyl-88-dimethylglutaric acid (Kon and 
Tuorve), 1800. 

CisHn ON Ethyl Ae-butene-ad-dicarboxylate-8-cyanoacetate (FARMER), 
2017. 


C,sH.0,N, 3-Methylindole-2-carboxydimethylacetalylmethylamide 
(KERMACK, PERKIN, and Rosinson), 1888. 


C,,0,,.NFe, Iron nitrosocarbonyl (Monp and WA Lis), 35. 


15 IV 
C,;H,0,CIBr, Chloro-1-benzylidenecoumaran-2-one dibromides (M1NTON 
and STEPHEN), 1602. 
C,;H;,0,Cl,Te Tellurium dibenzoylmethane trichloride (Morcan and 
Drew), 939. 
Br Phenylhydrazone of methyl &-bromoaldehydosalicylate 
Cth eltel and Coane, T0204. ’ . 
CisH140,SSe a-Naphthylthioselenium acetylacetone (Morcan, Drew, 
and BARKER), 2458. 
CysH0,N,S Dimethylharminesulphonic acid (1°5H,O) (Kermack, 
PERKIN, and Rosrnson), 1896. 
Cc N o-Di-p-tolylcarbamide-2:2’-disulphonic acid, potassium salt 
att orate Cons), 2041. = 
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CyHyO,.NS N-Phenyl-N-benzyl-8-aminoethyl sulphate, sodium salt 
(SAUNDERS), 2674. 

CyHsONI 8-Benzyloxytetraethylammonium iodide(Ciemo and Perkin), 
649. 


15 V 
CysH.0,N.CIBr, Chlorobromomalon-p-bromoanilide (West), 2201. 
C1sH1.0,N,C1,Br, Dichloromalon-p-bromoanilide (Wxsr), 2201. 
CyHy,0,N,CIBr, Chloromalon-p-bromoanilide (Wxsr), 2201. 
CysHO.N,BrS Benzoyl-p-bromophenylbiuret-o-sulphonie acid, potass- 
ium salt (+2}$H,O) (Sco1r and ConEn), 2047. 


C,sH0,N,CIS, Substance, from pinacolylthiocarbamide and chloropigrin (RAY 
and Das), 


C,, Group. 
CysH190, isoHe matin (CraprreE and Rosinson), 1040. 
2-Methoxyanthraquinone-l-carboxylic acid (BrapsHAW and PERKIN), 
917. 
CysH,,0, tsoBrazilein, synthesis of (CraBTREE and Rosinson), 1038. 
Benzoyl] derivative of methyl-5-aldehydosalicylate (Wayne and CoHEN), 
1023. 
CysHyN 1-Methyl-2:3-indenoindoles (Armir and Rostnson), 838. 
CisH,.0, Benzoylbenzoin, mechanism of the formation of (GREENE and 
BINSON), 2182. 
C,.H,,0, s-Diphenylsuccinic acid, preparation of (LapwortH and MoRak), 
1709. 


CisH,,0, 8-Gambier-catechincarboxylic acids, and their salts (NIEREN- 
STEIN), 26. 

C,.H,,S Distyryl sulphide (Porg and Smirn), 1168, 

C,.H,,0 Phenyl-p-methoxypheny1-A*-propenes(INGoLp and Piacortr), 2386. 

O,,HisN, Quinoxaline derivative of cyclohexanespirocyclopentane-8:4-dione 
(Kox), 523. 

CyH.N, d@-Carvotanacetonephenylhydrazone (SIMONSEN and Rav), 880. 

CrsHnsOe Ethylisobutylene-ayyy’-tetracarboxylate (INcoLp and NIcKOLLs), 
643. 

CreHHsO, Substance, from hydrolysis of capsularin (SaHA and CyoupHuRY), 

C,.H,0, Thapsic acid, electro-synthesis of (CARMICHAEL), 2545. 

CisHy,0, Palmitic acid, sodium salt, hydrolysis of solutions of (McBarn, 
Tavior, and Laine), 621. 

16 Ill 

C,,H,0,.N, 6:6’-Dinitropiperil (GreENnE and Ropinson), 2193. 

CisH,.0,N, p-Nitrobenzeneazo-4-nitro-a-naphthol (MUKERJI), 2880, 

CygH0,.N, 6:6’-Dinitropiperoin (GREENE and Rosrnson), 2192. 

C,.H,,0,N 6’-Nitropiperoin (GREENE and Rostnson), 2191. 

C,.H,,0,N, p-Nitrobenzenehydrazo-4-nitro-a-naphthol (MuKERJI), 2881. 

Cio aNaSy 2-Methylbenzothiazolenylbenzothiazolylmethane (MILLs), 
465. 


C,.H,,0,N s-Diphenylsuccinimide (Larpwortn and MoRaz), 1712. 
C,.H,,0,N, Carbanilinonitrocinnamantialdoximes (Brapy and THoMAs), 
2108. 


CygHy3N,Cl Quindoline methochloride (Armir and Ropinson), 837, 

C,.H,,0,N, Carbanilinocinnamaldoximes (Brapy and THomas), 2104, 

C,.H,,0,N, Acetyl-2:4-dinitrohydrobenzoin (BisHop and Brapy), 2367. 
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16 II—17 Il FORMULA INDEX. 


C,.H,,ON Cinnamanatialdoxime benzyl ethers (Brapy and THoMmAs), 2106, 

C,<H,,0,N, isoNitrosomalonanilide methyl ethers (RENDALL and 
Wuiretey), 2115, 2118. 

C,.H,,OBr, 8y- atta iat methoxyphenylpropanes (INGOLD and 
Piacorr), 28 6. 

C,.H,,C1,S Wr DisNievene Siphon ylatetagt sulphide (Popz and Smirn), 
1168. 


C,.H,,ON Acetyl derivative of dibenzylamine (SHort and Samira), 1806. 

C,.H,,0,N Ethyl a-cyano-y-phenylglutaconate (INGoLD, PERREN, and 
THORPE), 1782. 

C,.H,,0,N, p-Nitroso-8-phenoxy diethylaniline (CLEmo and PERKIN), 645, 

C,.H,,0,S, 4:4’-Dimethoxydi-m-toly] disulphide (Srewart), 2558. 

C,.H,,ON Anil of cyclohexanespirocyclopentane-3:4-dione (Kon), 523. 

C,.H,,.N,I 2-p-Dimethylaminostyrylpyridine methiodide (Mints and 
VoPE), 946. 

C,,H,,0,N; N-Ethyl-w-imide of aa’-dicyano-a-ethylcyclohexane-1:1- 
diacetic acid (Kon and THorpPe), 1802. 

C,.H,,0N, Substance, from methylation of the w-imide of aa’-dicyanocyclo- 
hexane-1:1-diacetic acid (Kon and THorpPE), 1801. 

C,,H,0,S Hexadecanesulphonic acid, preparation and properties of 
(NorRIs), 2162. 


16 1V 
C,.H,,0,NC]l 2-Chloroacetylaminoanthraquinone (BARNETT and Cook), 
796. 


Ci4H,,0,NSe Cyanoselenium dibenzoylmethane (Morcan, Drew, and 
BARKER), 2468. 

C.eH,;N,IS, Dibenzothiazolylmethane methiodide (Mru.s), 465. 

C,.H,.0,N,S Substance, from thioethylene glycol and phenylcarbimide 
(BENNETT), 2146, 

C,.H,.Cl,As,Pt Platinum bis-8-chloroviny|]bis-89’8”-tric hlorotrivinyl- 
arsine (MANN and Pops), 1758. 

C,.H..0,C],Te Tellurium bispivalylacetone dichloride (Morcan and 
Drew), 938. 

16 V 


C,6H,,0,C1,,AS,Pt Bis-86’-dichlorodivinylchloroarsinebis-8p’-dichloro- 
diviny thydroxyarsine platinichloride (MANN and Pope), 1759. 


C,, Group. 
C,;Hi..0, 2-Hydroxybenzanthrone (PEerktn and Spencer), 477. 
C,,H,,;N 1-Styrylisoquinoline (MrLts and Smith), 2732. 
CiHi0, 3’:2-Dihydroxydistyryl ketone (+ H,O) (Buck and HerLproy), 


CHD, 3-Ethoxy-2-phenylbenzopyrylium hydroxide, salts of (Pratt 
and Roprnson), 1580. 
p-Methoxybenzylcinnamic acids (INGoLD and Piacort), 2386. 
Phenyl 2-hydroxy-8-ethoxystyryl ketone (Prartr and Rosinson), 1580. 
C,,H,.0, 7-Hydroxy-3-ethoxy-2-phenylbenzopyrylium hydroxide, salts 
of (PRatT and Rosrnson), 1583. 
C,;H,.0, Benzoyl derivative of cyclohexanespirocyclopentane-3:4-dione 
(Kon), 523. 
C,,H,N, 2:8-Tetramethyldiaminoacridine (MovupelILL), 1508, 
C,,H,O Benzylidene-dl-piperitone (Reap and Smits), 574. 
C,,H,,0 - Benzyl-p-menthenol (Reap and Sir), 581. 
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FORMULA INDEX. 17 III—17 IV. 


17 Ill 

C,,H,0.N 1:2-Dioxyanthraquinonequinolines, amminocobaltic salts 
(MorGAN and SMITH), 168. 

C,;H,O,N 6:7-Methylenedioxy-2:3(3-ketoindeno)(1:2)-quinoline (ARMIT 
and RoBrinson), 835. 

C,;,H,,ON 2-Aminobenzanthrone (PERKIN and SPENcER), 480. 

C,,H,O.N 6:7-Methylenedioxy-2:3-indenoquinolines, and their salts 
(ArmiT and Rosinson), 832. 

C,-H,,0sN 2:5-Dipiperonyloxazole (GREENE and Rostnson), 2188. 

6’-Nitro-3’:4’-methylenedioxy-2-benzylidene-l-hydrindone (Armrr and 
RosBinson), 830. é : 
Substance, from benzoylmetiylenedioxymandelonitrile and sodium ethoxide 

(GREENE and RoBINson), 2187. 

C,,H,,0;N, m-Nitrobenzene-l-azo-2-oxy-3-naphthoic acid, and its cobalt- 
ammine salt (MoRGAN and Smiru), 2873. 

C:,H,,0,N. Hydroxy-a-naphthylidenenitroanilines (Morcan and 
REEVEs), 4. 

C,,H,;0,C1 Hydroxy-2-styrylbenzopyrylium chlorides, and their salts 
{Buck and HEILBRON), 1204. 

CipH;;0,N 6’-Amino-3’:4’-methylenedioxy-2-benzylidene-l-hydrindone 
(ARMIT and Rosrinson), 331. 

C,,H,;0,Cl Dihydroxy-2-styrylbenzopyrylium chlorides (Buck and 
HEILBRON), 1207. 

CyH,,0,Cl 2’:4’:7-Trihydroxy-2-styrylbenzopyrylium chloride (Buck 
and HEILEBRON), 1208. 

C,,H,NS 4-Phenyl-2-styrylthiazole (Mitus and Smirn), 27384. 

C,,HyNS, 2-Ethylbenzothiazolenylbenzothiazolylmethane (MILLS), 
464. 


CiyH,,0.N, Acetonaphthalide-w-pyridinium hydroxides, salts of 
(BakNETY and Cook), 795. 

C,,H,,0,N, isoNitrosomalonanilide (RENDALL and WHITELEY), 2115. 

CyH,,0;N, 2:4-Dinitrobenzaldoxime-N-p-diethylaminophenyl ether 
(Barkow, GRIFFITHS, and Bioom), 1715. 

C,,H,,0,N Ethyl 2-carboxyindole-1:3-diacetate (KeRMACK, PERKIN, and 
Rosrnson), 1893. 

C,,H.»,0,N, Nitrobenzoyl-di-piperitone-a-oximes (READ, SmirH, and 
BENTIVOGLIO), 591. 

C,,H20,N, 3:3’-Dinitro-4:4’-tetramethyldiaminodiphenyl methane 

(MovupGILL), 1507. 


i7 IV 
C,,H,,0N,Cl, 2:6-Dichlorotoluene-4-azo-6-naphthol (Daviss), 813. 
C,;H,,0,NCl 8-Naphthyl acetate w-pyridinium chloride (+H,0) 
(BaknEtT and Cook), 797. 
C,,H,,0,.N,Br, Bromomalonmethylbromoanilide (Wsst), 2199. 
C,,H,;N,IS, Dibenzothiazolylmcthane ethiodide (Mitts), 464. 
2:2’-Dimethylthiocyanine iodide (Mitts), 465. 
C,,H,.0,N,S Quindoline methosulphate (Armir and Rosinson), 836. 
C,,H,,0,N,Cl Chloromalonmethylanilide (Wxsr), 2199. 
C,,H,,0,N,Br Bromomalonmethylanilide (West), 2199. 
C,,H,,0N,Cl Py-N-Methyl-Jnd-N-propylharmine chloride (KErMack, 
PERKIN, and RosiInson), 1894. 
Py-N-Propyl-Jnd-N-methylharmine chloride (Kermack, PERKIN, and 
Rosinson), 1894. 
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18 II—18 III FORMULA INDEX. 


C,; Group. 

CysH,O, Lactone of hydroxybenzanthronecarboxylic acid (BRADsHAW 
and PERKIN), 913. 

CigH,O, Hydroxybenzanthronecarboxylic acid, and its salts (BRADsHAw 
and PERKIN), 913. 

CisH,,0, 3’:4’-Methylenedioxy-2-hydroxydistyryl ketone (Buck and 
HEILBRON), 1099. 

C,.H,,0, Methyl 2-methoxyanthraquinone-l-glyoxylate (Brapsnaw 
and PERKIN), 917. 

C,sH,.0, Methoxy-2-hydroxydistyryl ketones (Buck and HEILBroy), 
1098. 


CysH,,0, Oleic acid, sodium salt, ultra-filtration of solutions of (McBaIn and 
JENKINS), 2325. 


18 III 
CisHy,0,N, aa’-Dicyanodibenzyl diketone, colouring matters from (Durr 
and SEN), 2663. 
CysH,,C1,Bi Tri-p-chlorophenylbismuthine (CHALLENGER and RipGway), 
108. 


CisH,,C1,Bi Tri-p-chlorophenylbismuthine dichloride (CHALLENGER and 
Rtrneway), 109. 

C,.H,.Br,Bi Tri-p-bromophenylbismuthine (CHALLENGER and Ripeway), 
111. 


C.,sH,.Br,Bi Tri-p-bromophenylbismuthine dibromide (CHALLENGER and 
Ripeway), lll. 

CisH;,0.N Anhydro-6:7-methylenedioxy-2:3-indeno(2:1)-quinoline 
wethohydroxide (Armir and Rosinsoy), 834. 

Cy,H,,0.N, Carbazole-3-azoresorcinol (Morcan and Reap), 2713. 

C,,H,,0,N, Nitrophenylaminohydroxy-a-naphthylacetonitriles 
(Morcan and REEVss), 4. 

CysH,,0,Cl 3':4’-Methylenedioxy-2-styrylbenzopyrylium chloride 
(Buck and HEILBRon), 1209. 

C.sH,,ON, Phenylaminohydroxy-a-naphthylacetonitriles (MonrcAn and 
REEVEs), 4. 

C,.H,,0,.N, Ethy! 4:6:4’:6’-tetranitrodiphenate (Curistie and Kenner), 
619. 


C,,H,,0.N Ethyl 2:3-indeno(2:1)-indolecarboxylate (PERKIN and TiTLEY), 
1568. 


C,.H,;,0,C1 Methoxy-2-styrylbenzopyrylium chlorides, and their salts 
(Buck and Heripron), 1206. 

CisH,,0,Cl 3’-Methoxy-4’-hydroxy-2-styrylbenzopyrylium chloride 
(Buck and WILLIAMs), 1208. 

CysH,.0,N, Hydrazone of methyl 5-aldehydosalicylate (WAYNE and 
CouEN), 1026. 

C,.H,,0,N, Ethyl carbazole-3-azoacetoacetate (MorGcAN and Reap), 2715. 

C,,H,,0,.N, Ethyl yy ela ieee p-nitrophenylhydr- 
azone (PERKIN and TiTLEy), 1569. 

CisH,,0.N, Ethyl 2-hydrindone-l-carboxylate phenylhydrazone 
(PERKIN and TiTLRy), 1568. 

CisH,,0;N, isoNitrosomalonanilide n- and iso-propyl ethers (RENDALL 
and WHITELEY), 2116. 

isoNitrosomalondibenzylamide methyl ether (RENDALL and Wuire- 

LEY), 2118. 

C.isH,,ON, Base, and its salts, from aniline and acraldehyde (MANN), 2179. 

CysH,,0,N Anilic acid from cis-1-methyl]-l-n-hexylceyclopropane-2:3-di- 
carboxylic acid (Brrcu and TuHorps), 1829. 
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FORMULA INDEX. 18 ITI—19 ITI 


CyHrO.N Ethyl w-cyanomethanetetra-aceta e (INcoLp and Nicko.ts) 
1645. 


Ethyl 8-cyanoiso pentane-aBdd’-tetracar boxy late (INcoLp and NICKOLLs), 


1647. 
18 IV 
CH1,0,NS 4-Pheny]-2-thiazolylphthalony]lmethane (MILts and SMirR), 
2734. 


C,H,.Cl,Br,Bi Tri-p-bromophenylbismuthine dichloride (CHALLENGER 
and ‘Riveway), 111. 

CyHi:Cl,Br,Bi Tri-p-chlorophenylbismuthine dibromide (CHALLENGER 
and Ripeway), 109. 

CyHy:ON,Cl, 4':4”-Dichloro-2:4-bisbenzeneazophenol (CHAaTTAWay and 
HILu), 2758. 

CyH,.ON.Br, 4':4”-Dibromo-2:4-bisbenzeneazophenol (CHATTAWAY and 
HILL), 2759. 

CuHi:ON,I,  4':4”-Di-iodo-2:4-bisbenzeneazophenol (CuaTTaAway and 
HILL), 2759. 

CisH,,30N,Cl Chlorobenzeneazobenzeneazophenols (CHATTAWAY and 
Hitt), 2759. 

C,sH,;0N,Br Bromobenzeneazobenzeneazophenols (CHATTAWAY and 
Hitz), 2759. 

CoH,ON«I Iodobenzeneazobenzeneazophenols (CHatraway and HILL), 
2760. 


CisH,;0,.N;Pb, Lead m-nitrophenoxide (Gopparp and WArp), 264. 

C,.sH,,ON,Cl 4-Chloroacetylaminonaphthalene-l-azobenzene (BARNETT 
and Cook), 795. 

C,.H,,ON;S 2-Amino-8-thiol-10-phenylphenazonium hydroxide 
(Watson and Dutt), 1941. 


C.H,OFBi Triphenylbismuthine difluoride (CHALLENGER and 
WILKINSON), 96. 


CisH220,NsS, Diethylsulphine-(bis)-p-toluenesulphonylimine (MANN 
and Pops), 1054, 


C,, Group. 
C,.H,0, Ethoxybenzanthrone, and its salts (PeRKIN and SpeNcER), 477. 
CyHi0,  3':4’-Dimethoxy-2-hydroxydistyryl ketone (Buck and 
HEILBRON), 1099. 
CyH.»O, Trimethoxy-§-gambier-catechincarboxylic acid (NIEREN- 
STEIN), 28. 
CisHy20, 4:6:3’:4’-Tetramethoxy-3-phenylchroman (NIERENSTEIN), 612. 
C,oH,,0, 2-Hydroxy-3:4-dimethoxyphenyl A-veratrylethyl ketone 
(CRABTREE and Rosrnson), 1038. 
C,.H,0, Menthyl phenoxymalonate (SHimomuRA and CoHEN), 2054. 
19 III 
CioHiO.Ns Alizarin pyridiniumnitrolbetaines (BARNEeTr and Cook), 


CieH,;0,.N 2-Acetylaminobenzanthrone (PERKIN and Spencer), 480. 
CisH,,0,N, 9-Nitroanthranyl-10-pyridinium hydroxide, salts of 
(Barnett, Cook, and GraINncErR), 2064. 
C..H,0O,N Anhydro-6:7-methylenedioxy-2:3(3-methylindeno)(2:1)- 
quinoline methohydroxide (AkmiT and Rosinson), 834. 
9-Hydroxyanthranyl-10-pyridinium hydroxide, salts of (Barnett, 
Cook, and GRAINGER), 2065. 
N-Phenylbenzimino-m-hydroxyphenyl ether, and its hydrochloride 
(CHapmAn), 1676. 
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19 III—19 IV FORMULA INDEX. 


C,,H,,OS, ppy’p”’-Trithioltriphenylcarbinol (Warson and Dutt), 1940. 

C,,H,.0,N, Quinoxaline derivative of ac-1-keto-2-hydroxy-3-methyltetn 
hydronaphthalene-3-acetic lactone (Kon, STEVENSON, and THORP), 64), 

Xanthorocellin (Forster and SAVILLE), 821. 

C,H,,0,N, a-Benzoylamino-§-[6-methoxyindolyl(3)]-acrylic acid (Km. 
MACK, PERKIN, and Rosrnson), 1883. 

CisH;,0,Cl 3’:4’-Dimethoxy-2-styrylbenzopyrylium chloride (Buck ay 
Heitsnow), 1210. 

C,,H;,0,N; wey 1-methyl-2-hydrindone-l-carboxylate p-nitropheny} 
hydrazone (PERKIN and TirLEy), 1569. 


C,.H,,0;N, p-Nitrophenylhydrazone of ac-1-keto-2-hydroxy-3-methy]. 
tetrahydronaphthalene-3-acetic lactone (KON, STEVENSON, ani 
THORPE), 662. 

C,,H,,0.N, Acetyldiphenylamine-w-pyridinium hydroxide, salts ¢ 
(BARNETT and Cook), 796. 

C9H,,N;Cl Substance, from thiocarbanilide and chloropicrin (RAy and Das) 
$27. 


CipH,,ON #6-Naphthoxyethylmethylaniline (CLEmo and Perkry), 649. 
C,5H,,0;N Anilic acid from cis-1-benzyl-1-methy |lcyclo propane-2:3-dicarb. 
oxylic acid (Biron and THorPe), 1833. 

CisHy,0,.N. Quinoxaline derivative of methyleyclopentanespirocycloper 
tane-3:4-dione-2:5-dicarboxylate (DickENs, Kon, and THorPE), 1502. 
CyH210,N, isoNitrosomalonanilide n-butyl] ether (RENDALL and Wurm. 

LEY), 2116. 
ite cecilia meee ethyl ether (RENDALL and WHITELEY), 
CyH.,0,Cl 2-Chloro-4:6:3':4’-tetramethoxy-3-phenylchroman  (NuERgy- 
STEIN), 611. 
CipH,,0,Br 3-Bromo-4:6:3':4’-tetramethoxy-3-phenylchroman  (NIERgN- 
STEIN), 612. 
Ci,H,,0,Br 3-Bromo-2-hydroxy-4:6:3':4’-tetramethoxy-3-phenylchroman 
(NIERENSTEIN), 609. 
CypH,,0N, Cinchonidine, salt of tropic acid with (Kinc and PALMER), 2585. 
Cinchotoxine, salt of tropic acid with (Kine and Panmer), 2584. 
CoHON, Hydrocinchonidine, salts of tropic acid with (K1nc and Pater), 
2585. 


Hydrocinchonine, salts of tropic acid with (Kine and PALMER), 2585. 


19 IV 
CyH,;,.0,NBr Phenobetaine of bromoalizarinpyridinium bromide 
(BARNETT and Cook), 1385. 
C..H,,0,NBr, Bromoalizarinpyridinium bromide (+1}H,O) (Barer 
and Cook), 1385. 
C..H,,0,NS Catecholsulphamphthalein (Durr), 2392. 
Resorcinolsulphamphthalein (Dutt), 2391. 
C,,H,,0,NS Hydroxyquinolsulphamphthalein (Durr), 2392. 
Phloroglucinolsulphamphthalein (Durr), 2391. 
CioH,0,NS 1:2:4:5-Tetrahydroxybenzenesulphamphthalein (Dutt), 
2359z. 
C,.H,,0,N.S 2:2’-Iminophenolsulphamphthalein (Durr), 2393. 
C,,H,,0ON,Br Bromobenzeneazo-p-tolueneazophenols (CHATTAWAY ani 
HILL), 2760. 
C,,H;,0,N,S, Diphenylbisazo-2-hydroxy-7-naphthyl xanthate (Warsos 
and Duvr), 2417. 
C,,H,,0,.NS Phenolsulphamphthalein, and its sodium salt (Durr), 2390. 
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FORMULA INDEX. 19 IV—20 III 


ON,S, Ethyl 4-benzeneazo-l-naphthylxanthate (Watson and 

Tr), 1940. 

CipHiO.N,S 4:4’-Diamino-2:2’-iminophenylsulphamphthalein (Durr), 
2392. 


Cutie 


CyHi,0N,Cl p-Chloroacetylaminoazobenzene pyridinium chloride 
(BARNETT and Cook), 795. 

CuHiNeIS, 2:2’-Diethylthiocyanine iodide (Mitts), 461. 

CyHeoNsIS 4-Phenylthiazole-2-aldehyde pdimethylaminoanil meth- 
iodide (Mitts and Smiru), 2735. 

CyH.0,NBr _1-Bromo-2-salicy lidene-3:5:6-triacety] glucosamine 
(InvINE and Eart), 2375. 


C..o Group. 
CyH.O, Hydroxybenzanthronecarboxylic acid dimethyl ether 
(bRADSHAW and PERKIN), 914. 
CoHigN, oa’-Dicyano-2:3-dibenzyl-5:6-dihydropyrazine (Durr and Sey), 
2664. 


CoH0:; Acertannin (PERKIN and Uyepa), 68. 

CoH.,0, 3:4:6:3’:4’-Pentamet hoxy-3-phenylchroman (NIERENSTEIN), 613. 

CooHa,0, 2-Hydroxy-3:4:6:3':4’-pentamethoxy-3-phenylchroman (NIER- 
ENSTEIN), 610. 

CooH,,0, Ethyl thapsate (CArMicHAEL), 2548. 


20 III 

CoH1,0;S, Dithiolfluorescein (Watson and Durr), 1942, 

CooH,,0;N, 4-Nitronaphthaleneazo-4-nitro-a-naphthol (MuKERg!), 2881. 

CooH,,0,N, Diamide of aa’-dicyano-B-benzylglutaric acid (STEVENSON 
and THorPE), 1720. 

CooH1,038, 1:1’-Dihydroxy-5:5’-dinaphthyl disulphide (Watson and 
Durr), 2416. 

CH,,0.S, Di-a-naphthol trisulphide (Warson and Det‘), 2418. 

CooH,.0,S, Benzenedi-m-thiobenzoic acid, and its sodium salt (SMILEs and 
GRAHAM), 2508, 

CoH,,0;N, 2:4-Dinitrobenzilmonophenylhydrazone (Bisnop and 
Brapy), 2369. 

C.H,,CIT1 Thallium di-a-naphthyl chloride (D. and A. E. Goppaxp), 
261. 


CyH,BrTl Thallium di-a-naphthyl bromide (D. and A. FE. Gopparp), 
258. 

C.oH;,0,Se, Selenium benzoylacetone (Morcan, Drew, and BARKER), 
2455. 


CoH,,0,Se, cycloTriselenium bisbenzoylacetone (MorGan, Drew, and 
Barker), 2454. 

CyxoH,,0,N. Methylxanthorocellin (Forster and SaviILe), 822. 

CxoH,,0,Se Selenium bisbenzoylacetone (Morcan, Drew, and Barker), 
2459. ; 

C,H,,0,Se, Diselenium bisbenzoylacetone (MorGan, Drew, and 
BaRKER), 2457. 

CyH»O,N, Anhydropicrorocellin (Forster and SAVILLE), 821. 

C..H.,0,N, Ethyl N-ethylearbazole-3-azoacetoacetate (MorcGan and 
READ), 2716. 

CyH,,N.I 1-p-Dimethylaminostyrylisoquinoline methiodide (MILLs and 
SMITH), 2733. 

Cy»H..0,N, Picrorocellin, constitution of (Forster and SAVILLE), 816. 


CXXI. 2981 5 L 


20 I1I—21 III FORMULA INDEX. 


CosH,,0,C1 2-Chloro-3:4:6:3’:4’-pentamethoxy-3-phenylechroman (Nreene. 
STEIN), 613. 

C.oH.,ON, Base, from p-toluidine and acraldehyde (MANN), 2182. 

C»H.,0.N, Quinotoxine, salts of tropic acid with (Kine and PALMER), 2584, 

CooHHs,05N2 Di-p-toluidide of a-hydroxy-8-methylglutaric acid (INGorp), 
2689. 


C.oH,,0,N, Di-p-toluidides of aa’-dihydroxy-8-methylglutaric acids 
(INGoLpD), 2691. 

C.oH,,0,N 2-Salicylidene-3:5:6-triacetyl-l-methyl glucoseamine (Irving 
and Eart), 2379. 

CooH2g0.N, Hydroquinidine, salt of tropic acid with ‘Kine and Pater), 
2582. 


Hydroquinine, salts of, with tropic acid (Ktnc and PatmeEr), 2582. 
C..H,,0,,N Amygdalin, biose from (HAwortTH and Lerrea), 1921. 
CooHp0,.N Ethyl w-cyano-w’w’-dicarboxymethanetriacetate (INGorp 
and l’ERREN), 1418. 
20 IV 

C.oH,,0,C1],Te Tellurium bisbenzoylacetone dichloride (MorRGAN and 
Drew), 930. 

CoH,,0,FeCl, 7:5':6’-Trimethox y-2-methyl-3:4-indeno0(2’:1’)-benzo- 
pyrylium ferrichloride (Crasrres and Rosinson), 1036. 

C..H,,0,FeCl, isoHematein ferrichloride tetramethyl ether (Crap- 
TREE and Roprnson), 1039. 

C.9H,,0,NS 6:7-Methylenedioxy-2:3(3-ketoindeno)(1:2)-quinoline 
methosulphate (ARmiT and Rosrnson), 836. 

CooH.NIS 4-Pheny!]-2-p-dimethyl aminostyrylthiazole methiodide 
(MILs and SmirH), 2735. 

CH.,N.IS, Methyldiethylthiocyanine iodides (Mitts), 463; (Mruts 
and BRAUNHOLTZ), 1493. 

C..H,.0,Se,Cu Copper selenium OC-bisacetylacetone (Morcan, Drew, 
aud BARKEnr), 2451. 


C., Group. 
C,,H,,.0, 3-Phenoxy-2-phenylbenzopyrylium hydroxide, ferrichloride of 
(Pratt and Ropinson), 1582, 
Phenyl 2-hydroxy-8-phenoxystyryl ketone (Pratt and Roprtnson), 1581 
C,H 1.0, 7-Hydroxy-3-phenoxy-2-phenylbenzopyrylinum hydroxide, 
ferrichloride of (Pratt and Rosprnson), 1584. 
C.,H,~0, Pentamethoxy-8-gambier-catechincarboxylic acid (N1gEREn- 
STEIN), 28. 
Co:3He.0, 2-Hydlroxy-4:6:3’:4’-tetramethoxy-3-ethoxy-3-phenylehroman 
(NIERENSTEIN), 610. 
21 Ill 
C.,H,.0,N, 2-Chloroacetylaminoanthraquinone pyridinium hydr- 
oxide salts of (BARNETT and Cook), 796. 
C,,H,,0,N 4’-Dimethylamino-trihydicx;-9-phenylfluorones (MUKERSI), 
550. 


C,,H.»NBr Cinnamylidenequinaldine ethobromide (Mitts and Hamer), 
2013. 


C,,H,NI Cinnamylidenequinaldine et hiodide (Mitts and Hamer), 2012. 
C,,H.,0,N, Methylanhydropicrorocellin (Forster and SaviLue), 821. 


Cy,H,,0,N, Dianilide of trans-3:3-diethyleyclopropane-1:2-dicarboxylic 
acid (DESHAPANDE and TnorPR), 1437. 
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FORMULA INDEX. 21 III—22 III 


CyHy0,N,. Dianilide of 3:3-diethylcyclopropanol-1:2-dicarboxylic 
acid (DESHAPANDE and THorPE), 1441. 
Cy:Hs0,N, Ethylhydrocupreine, salt of tropic acid with (Kine and 
PALMER), 2583. 
Ethylhydrocupreidine, salts of tropic acid with (Kine and PALMER), 2583. 


21 IV 

C,,H,,0;,NS Orcinolsulphamphthalein (Durr), 2391. 

C.:4H19012.N;Pb, Lead 4-nitro-o-tolyloxide (GoppArp and Warp), 265. 

C.,HN IS 4-Phenyl-3-methy]-2-thiazolenyl-4-quinol ylmethane meth- 
iodide (MILLs and SmiTH), 2736. 

C.,H.,0,NS, Dibenzylsulphine-p-toluenesulphonylimine (MANN and 
Pore), 1053. 

C,,H.,0,FeCl, 7:5’:6’-Trimethoxy-2-ethy1-3:4-ind eno(2’:1’)-benzo- 
pyrylium ferrichloride (Crasrree and Rontnsoy), 1037. 

C.:;H.,0,FeCl,  7:8:5’:6’-Tetramethox y-2-methy]-3:4-inde no(2:1’)-benzo- 
pyrylium ferrichloride (Craprree and Rosinson), 1041. 

CyHa,NIS 2:1’-Diethylthioisocyanine iodide (Braunnottz and MILLs), 
2006. 

1’: 6’-Dimethy]-2-ethylthioisocyanine iodide (BRAUNHOLTz and MILLs), 

2007. 

C,,H.:N,IS, 2:2’-Diethylecarbothiocyanine iodide (Miuus), 462; (MiLLs 
and BRAUNHOLTZ), 1493. 

C.,H,ON,Cl, —-:2:4:5:7-Tetra-amino-4’-dimethylamino-9-ph enylfluorone 
trichloride (MuKens1), 550. 


C.. Group. 


C..H,.0; Methylenedioxybenzoylbenzoin (GREENE and Roprnson), 2190. 


Resorcinolphenylsuccinein (LAPworTH and McRak), 2723. 
C2H,N, Carbazole-3-azo-6-naphthylamine (MorGan and Reap), 2714. 
C.2H,.0, 4’-Methoxybenzoylbenzoin (GREENE and Rostnson), 2189. 
C..H..0, Phenoleamphorein anhydride (Sinen, Rat, and Lat), 1425. 
C..H..0, Quinolcamphorein (Sineu, Rat, and Lat), 1427. 
Resorcinoleamp horein (KRiIsHNA), 255 ; (StRCAR and Dutt), 1284. 
C..H..0, Phloroglucinoleamphorein (Sircar and Dutt), 1286; (Srnen, 
Rat, and LAL), 1428. 
Pyrogalloleamphorein (Sinen, Rat, and LAL), 1428. 
C..H,,0, Phenolcamphorein (Krisuna), 254; (Sincu, Rat, and Lat), 1425. 
C..H.,0, Catecholeamphorein (S1nen, Rat, and Lat), 1427. 
CosH0, 2-Acetoxy-3:4:6:3’:4’-pentamethoxy-3-phenylchroman (NIEREN- 
STEIN), 610. 
Pentamethoxymethyl 8-gambier-catechin-carboxy late (NIERENSTEIN), 
27. 
C..H,0, Capsularin (Sana and Cuoupuury), 1044. 
C..H,,0, Behenic acid, sodium salt, properties of solutions of (FLECKER and 
TaYLor), 1101. 
22 Ill 
C..H,,0;N. 2:4-Diphthaliminophenol (Muxkers1), 549. 
C..H,,0;Br, Phenylsuccinyleosin (Lapworrn and McRak), 2724. 
C..H,.0,N, 4:6-Diphthaliminoresorcinol (MuKERJ1), 549. 
C..H,,0,N, 2:3-Dipiperonylquinoxaline (Greene and Rosrinson), 2194. 
C..H,,ON, Carbazole-3-azo-8-naphthol (Morean and Reap), 2713. 
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22 III—28 III FORMULA INDEX. 


C,,H,,0,N 6’-Nitro-3’:4’-methylenedioxybenzoylbenzoin (GREENE and 
Rosinson, ) 2190. 

C.,H,,Cl,Bi Diphenyl-a-naphthylbismuthine dichloride (CHALLENGER and 
WILKINSON), 102. 

C..H,,0,Br, Tetrabromoresorcinolcamphorein (Strcar and Dutt), 1285; 
(Stncu, Rat, and Lat), 1429. 

CosH»~ON, 2-Hydrindonecarboxylic acid phenylhydrazide phenyl. 
hydrazone (PERKIN and Tir.ry), 1568. 

C..H,.0,Br, Tetrabromophenolcamphorein (KrisHna), 255. 

C,.H,,0,N m-Aminophenolcamphorein (Srrcar and Durr), 1286. 

C.2H,0,N, cycloHexanespirocyclopentane-3:4-dione osazone (Kon), 523. 

C..H,,N.S, Benzenedi-y-thiodimethylaniline (Smites and GRAHAM), 2510. 

CraHaN,Cl. Substance, from s-ditolylthiocarbamide and chloropicrin (RAy and 

AS), 327. 

C.,H,,0,N, m-Phenylenediaminecamphorein (Sircar and Durr), 1286. 

CisH..0,N, Dimethylpicrorocellin (Forster and Savitz), 820. 

CysHeNS, p-Xylenedi-p-thiodimethylaniline (Smites and GRanan), 
2510. 


Cy.H,,0,N 2-Salicylidene-3:5:6-triacetyl-l-ethyl glucosamine (Irving 
and EARL), 2380. 

Cx2Hy0,S, 88’-Diphenoxy-aa’-dimethylditsobutyl disulphide (Pore and 
SMITH), 1168. 

Cy.H»~0.N, Ethyl 2:4-dicyano-2:4-dicarboxycyclobutane-1 :3-di-a-pro- 
pionate (INGoLD, Perren, and THorre), 1787. 

22 IV 

C.2H,,0,N.P Ethyl triphenylphosphineglyoxylate-azine, reactions of 
(BrRaUNHOLTZz), 304. 

C..H,,0,NS Trimethy] derivative of phenolsulphamphthalein (Dvr), 
2390. 

C..H,N IS 5-Methyl-2:1’-diethylthioisoeyanine iodide (Braunnouiz 
and Mrtus), 2007. 

5:1’:6’-Trimethyl-2-ethylthioisscyanine iodide (BrauNnotz and 

Mitts), 2007. 


C.; Group. 

C,3H,,0, 5:6-Diketo-7:7-dimethy]-5:6-dihydro-a-dinaphthaxanthen (Sgv- 
Gupta and Tucker), 560. 

C.3H,,0; Benzoylpiperoin (Greene and Rostnson), 2187. 

C,3H,,0 7:7-Dimethyl-a-dinaphthaxanthen, oxidation of (S—en-Gupra and 
‘luCKER), 559. 

Cy35H;,0, 5:9-Dihydroxy-7:7-dimethyl-a-dinaphthaxanthen(Sen-Gurra 
and TucKER), 561. 

C.:H,,0, 5:9-Dimethoxy-7:7-dimethyl-a-dinaphthaxanthen (SEN-Gupta 
and TuckKEr), 562. 

C.3H;,,0, Ditsoamyloxydiphenylmethane (MACKENZIE), 1696. 


23 Ill 

C,,;H,,0,N 6’- Nitro-3:4:3':4’-dimethylenetetraoxybenzoylbenzoin 
(GREENE and Rosrnson), 2192. 

C.3H,,0,N Benzoyl-3-benzoyloxy-4-methoxymandelonitrile (GREENE 
and RoBInson), 2195. 

C.3H,,0,N p-Methoxybenzylcinnamanilides (INcotp and Perren), 2387. 

C.3H,,0,.N, p-Nitrobenzvlidenebis-p-nitrobenzaldehydemethylhydr- 
azone (Brapy and McHvueu), 1651. 


2984 


FORMULA INDEX. 23 IlII—24 Ill 


CyH,0;N, 4’:4’-Tetramethyldiamino-2:5-dihydroxyfuchsones (Mu- 
KERJI), 551. 
CyH.0.N, Brucine, salts of di- and tetra-nitrodiphenic acids with (CHRISTIE 
: and KENNER), 617. 
Crs Hs3010N Ethyl 2-cyano-2:4:4-tricarboxycyclobutane-l-ace tate-3-a" 
propionate (INGOLD, PerreN, and THoRPE), 1788. 
23 IV 
C.3H,,0N,Cl 4-Chloroacetylaminonaphthalene-l-azobenzene pyridin- 
ium chloride (BARNett and Cook), 795. 
Cx3H,,06NS Diacetyl derivative of phenolsulphamphthalein (Dutt), 
2390. 


C.;H.30,N;S 4:4’-Tetramethyldiamino-2:2’-oxidophenylsulpham- 
phthalein (Durr), 2394. 

CysH,sN,IS, 5:5’-Dimethyl-2:2’-diethylcarbothiocyanine iodide (MILLS), 
464. 


23 V 
C,H,,ON,IS 6’-Ethoxy-2:1’-diethylthioisocyanine iodide (BRAUNHOLTZ 
and Mitts), 2007. 


C., Group. 

CyHiN, Aminophenanthranaphthazines (Sixcar and Durr), 1947. 

CyH,.0, 88-Di-2-a-naphthaquinonylpropane (Sen-Gupra and TuckER), 
561. 

C.H:N, Diaminophenanthranaphthazines (Sigcar and Durr), 1946. 

aa’-Dicyano-2:3-dibenzylquinoxaline (Dutt and SEN), 2664. 

Cy4H,-N; aa’-Dicyano-7-amino-2:3-dibenzylquinoxaline (Durr and SEy), 
2665. 

C4H,,0, 5:6-Diketo-7-methy l-7-ethy]-5:6-dihydro-a-dinaphthaxanthen 
(Sen-Gupta and TucKEr), 563. 

Cy4H,,0, 88-Di-2-a-naphthaquinony]butane (SeNn-Gupra and Tucker), 
564. 


C,,H,.0 7-Methyl-7-ethyl-a-dinaphthaxanthen, oxidation of (Sen-Gupra 
and Tucker), 563. 
0,,H..0, 5:9-Dihydroxy-7-methyl-7-ethyl-a-dinaphthaxanthen (SEN- 
Gurra and TucKER), 564. 
5:6-Diketo-7-methyl-7-n-propy1]-5:6-dihydro-a-dina phthaxanthen (Sen- 
GupTA and TvcKER), 566. 
Fluoran derivative of camphoric anhydride (Krisuna), 255. 
CyH.Pb Lead tetraphenyl, use of, in preparation of organo-metallic com- 
pounds (Gopparp, ASHLEY, and Evans), 978. 
CyH,Sn Tin tetrapheny], use of, in preparation of organo-metallic compounds 
(GODDARD, ASHLEY, and Evans), 978; action of thallic chloride on (D. and 
A. E. GopparD), 259. 
Cy4H..0, o-Cresoleamphorein anhydride (Sineu, Rat, and Lat), 1427. 
CHO, o-Cresolcamphorein (Srnen, Rat, and Lat), 1426. 
Dimethyl ether of phenolcamphorein (Krisuna), 254. 


. 24 III 
Cy.H,,0,.N, Bromodinitrophenanthranaphthazine (Strcar and Dutt)» 
1948. 
CyH,,N.Br, 2:7-Dibromophenanthranaphthazine (Sircar and Dvr), 
1947. 


C.,H,,0,N, Nitrophenanthranaphthazines (Stroar and Dutt), 1946. 
C,.H,ON, Hydroxyphenanthranaphthazines (Srrcar and Dutt), 1947, 
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24 1TI—25 II FORMULA INDEX. 


Cy4H,,0O,.N, Dihydroxyphenanthranaphthazines (Sircar and Dvr), 
1947. 


C,,H,,0,N 2-Benzoylaminobenzanthrone (PERKIN and SpENcER), 481. 

C,,H,,0,N Hydroxybenzanthronecarboxyanilide (BrapsHAw and Ppp. 
KIN), 913. 

C.,H,,0,N Nitro-derivative of 5:6-diketo-7:7-dimethyl-5:6-dih ydro-a-di- 
naphthaxanthen (Sen-Gupra and Tucker), 560. 

C.,H,.0,.N, 2:6-Diketo-3:5-dibenzylidene-2:3:5:6-tetrahydro-m-a-benzbis. 
pyrrole (Davies and Hickox), 2653. 

C.,H,,0,S, Naphthalenedi-m-thiobenzoic acid (SmiLes and Granaw), 
2509. 

C,,H,,0,N Nitro-derivative of 5:6-diketo-7-methyl-7 ethyl-5:6-dihy dro-a. 
dinaphthaxanthen (Szn-Gupra and Tucker), 563. 

C,,H.,0T], Thallium diphenyl] oxide, and its salts (A. E. and D. Gopparp), 
487. 


Ca4H0,N, Substance, from m-dinitrobenzene and hydroxymethoxydistyryl 
ketone (Buck and HEILBRON), 1099. 

C.,H..0,N, 2:7-Dinitrophenanthranaphthazine (Srrcar and Dvtn), 
1945. 


C.,H,,0.N 88’-Di-2-naphthoxydiethylamine (CLEMo and Perkrn), 646. 

C,,H,,0,Br, Dibromo-o-cresoleamphorein (Sinen, Rat, and LA), 1426. 

C.,H,.0.N Phenylurethane of benzyl-p-menthenol (Reap and Smrrn), 
581. 


24 1V 
C.,H,,0,N,Br, 7 ibromonitrophenanthranaphthazine  (Srircar_ and 
Durr), 1948. 
C,,H,,0,.N,Br 5-Bromo-4-nitrophenanthranaphthazine (Sircar and 
Durt), 1949. 
C.4H,,0,N,S 2:7-Dihydroxyphenanthranaphthazine-12-sulphonic acid 
(Srrcar and Dutt), 1950. 
C.,H,,0,N,S 2-Aminophenanthranaphthazine-12-sulphonic acid, and 
its sodium salt (Sircar aud Durr), 1950. 
C..H,,0,N.Br Phenobetaine of alizarindipyridinium dibromide 
+ H,O) (BARNETT and Cook), 1387. 
Phenobetaine of hystazarindipyridinium dibromide (Barnett and 
Cook), 1388. 
Phenobetaine of quinizarin-2:3-dipyridinium dibromide (BARNETT 
and Cook), 1384. 
C.,H,,0,N,S 2:7-Diaminophenanthranaphth azine-12-sulphonie acid, 
and its sodium salt (Strcar and Durr), 1949. 
C.,H,.0,N,Br, Alizarindipyridinium dibromide (Barnett and Cook), 
1386. 


Hystazarindipyridinium dibromide (Barnett and Cook), 1388. 
Quinizarin-2:3-dipyridinium dibromide (Barnerr and Cook), 1384. 
C..H,.0,N.Br, Alizarindipyridinium perbromide (Barnett and Cook), 

1386. 


24 V 
C,,H,,ON,IS 6’-Ethoxy-5-methy 1-2:1’-diethylthioisocyanine iodide 
(BRAUNHOLTz and MILs), 2008. 


C.; Group. 


C.sHisN, aa’-Dicyano-2:3-dibenzyl-8-methylquinoxaline (Dutr and Sey), 
2665, 
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FORMULA INDEX. 25 II—27 Il 


CxsH90; 5:6-Diketo-7:7-die-nyl-5:6-dihydro-a-dinaphthaxanthen (SEN- 
Gupta and TucKER), 565. 

C.;H20, Di-2-a-naphthaquinonylpentanes (Sex-Gurra and TvucKER), 
505 


C,sH..0 7:7-Diethyl-a-dinaphthaxanthen, oxidation of (Sen-GupTa and 
TucKER), 565. 
7-Methyl-7-n-propyl-a-dinaphthaxanthen, oxidation of (Sen-GupTa and 
TUCKER), 566. 
C.sH..0; 5:9-Dihydroxy-7:7-diethyl-a-dinaphthaxanthen (SzN-GuptTa and 
TucKER), 565. 
5:9-Dihydroxy-7-methyl-7-n-propyl-a-dinaphthaxanthen (Sen-GurTa 
and TUCKER), 566. 
C,H.0, Menthyl acetylmalonate (Suimomura and ConeEn), 2051. 


25 Il 
C,;H:,0;N Nitro-derivative of 5:6-diketo-7:7-diethyl-5:6-dihydro-a-di- 
naphthaxanthen (Sen-Gupra and Tucker), 565. 
C,;H.,N.P Triphenylphosphinebenzaldehydeazine, and its reactions 
(BRAUNHOLTZ), 305. 
C,;H.,0,N, ¢rans-1-Benzy]l-l-methy]cyclopropane-2:3-dicarbox ylanilide 
(Brrcw and THorPE), 18382. 
25 IV 


C,;H.,N,Br.1 Dibromo-1:1'-diethylazurine iodides (Moupeitt), 1510. 


25 V 
C.;H.,0,N.S,Na, Xylene cyanole FF (HickmAN and Linsreap), 2504. 


C., Group. 
C..H,,0, 5:9-Dimethoxy-7-methyl-7-ethyl-a-dinaphthaxanthen  (SEN- 
GupTA and TucKER), 564. 
C.sH,,0, Diacetyl derivative of phenoleamphorein (KRISHNA), 254. 
C..H,.0, Diethyl ether of phenoleamphorein (Krisnna), 254. 
C.H.,0, Menthyl ethoxymethylenemalonate (SHimomurRa and ConEn), 


2055. 
26 Ill 
CosHoN,Cl isoQuinoline-red (HARRIs and Popr), 1032. 
CosH00,N, 1:4-Dipheny]-3-o-nitropheny!-2-y-nitropheny1-1:3-dimeth- 
indiazidine (INGoLp and I[1ecorTr), 2799. 
C..H,,0,N, 1:4-Dipheny]-3-m-nitrophenyl-2-p-hydroxy pheny]-1:3-di- 
methindiazidine (INGoLp and Piecotr), 2798. 
C.sH3.0,N, m-Dimethylaminophenocamphorein, hydrochloride of (StrcaR 
and Dutt), 1285. 
C.sH;,0,.N Ethyl 2-cyano-2:4:4-tricarboxycyclobutane-3-a-propionate- 
l-malonate (INGOLD, PERREN, and Torre), 1788. 
26 IV 
C..H,,0,N,Br, Acetyl derivative of alizarindipyridinium dibromide 
(BARNETT and Cook), 1387. 
C,H,,ON,Br 1:4-Dipheny|-3-p-bromopheny]-2-p-hydroxy pheny]-1;3-di- 
methindiazidine (INcGoLp and Piecorr), 2798. 


C2, Group. 
C,,H,.0, Diacetoxy-7:7-dimethyl-a-dinaphthaxanthens (SEN-Gupra and 
TucKER), 560, 562. 
C,H,O, Diphenyldihydroxy-m- and -p-tolylmethanes (MACKENzIE); 
1698. 
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27 II—30 II FORMULA INDEX. 


C.,H;.0;; Pelargonin (Currey), 319. 
Cy7Hy0y, Ethyl 2:2:4:4-tetracarboxycyclobutane-3-acetate-l-malonate 
(INGoLD, PERREN, and TxorpPe), 1788. 
27 Il 
C.,H,,N,Cl 6’-Methylisoquinoline-red (Harris and Pope), 1032. 


C,,H,,0,N Substance, from p-imethylaminobenzaldehyde anil methoxyhydroxy. 
uistyryl ketone (BucK aud HriLsron), 1099. 


C,,H,,30,N Cevine, preparation of (Macsern and Roptnson), 1574. 


27 IV 
C.;H,,0,N,Br, Bromomalontetrabromophenylamide (West), 2200. 
C.;H,,0,N,Cl Chloromalontetraphenylamide (West), 2200. 
C.,H,,0,N,Br Bromomalontetraphenylamide (West), 2199. 


C., Group. 
C.sH,.O, Substance, from 2-hydroxyanthraquinone and dextrose (BRADSHAW 
and PERKIN), 921. 
CysH,.0, 2:2’-Dihydroxydianthraquinone (BrapsHAw and PERKIN), 921. 
C.sH,,0, 2:2’-Dihydroxydianthryl (Perkin and Wuarram), 290. 
C.3H,,0, 3:3’-Dihydroxydianthrone (Perkin and Wuartram), 293. 
CosHigN, aa’-Dicyano-2:3-dibenzyl-1:4-naphthaquinoxaline (Durr and 
SEN), 2665. 
CosHy,0, Diacetoxy-7-methy1-7-ethyl-a-dinaphthaxanthens (SEN-Gupta 
and Tucker), 564. 


C.3H,20, Diacetyl derivative of o-cresoleamphorein (Stncu, Rat, and 
LAL), 1426. 

C.sHy.0,, Methyl heptamethylamygdalinate (Haworrn and Lercn), 
1924. 


28 Ill 
C.sH,,N,Cl 6’-Ethylisoquinoline-red (Harris and Pore), 1032. 
C.sH,ON, Substance, * from N-ethylearbazole-3-diazonium chloride and 
ammonia (MorGAN and Reap), 2717. 
28 IV 
C.3H,,0,N,S aa’-Dicyano-2:3-dibenz yl-1:4-naphthaq uinoxaline-7-sul ph- 
onic acid (Dutr and Sen), 2665. 
C.sH,,0,N,S aa’-Dicyano-10-hydroxy-2:3-dibenzyl-1:4-naphthaquinoxal- 
ine-8-sulphouie acid (Dutt and Sen), 2666. 
C.sH,,0,N.S, Di(toluene-p-sulpho)diphenylethylenediamine  (CiEMo 
and PERKIN), 648. 


C., Group. 
CypHyON, Quinoxaline derivative of 5°6-diketo-7:7-dimethy1-5:6-di- 
hydro-a-dinaphthaxanthen (Sen-Gurra and Tucker), 560. 


29 IV 
C..H;,0,N,I Diethoxy-1:1’-diethylearbocyanine iodides (Braunno.ty), 
171. 


Cs Group. 
CyoH0, 2:2’-Dimethoxydianthraquinone (BrapsHaw and Perkin), 920. 
CyoH.,0, 3:3’-Dimethoxydianthrone (PERKIN and WHatTram), 294. 


CsoH,,0,, Tetracety] derivative of pyrogalloleamphorein (Sinen, Ral, 
and Lat), 1428. 
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30 III—82 II 


30 III 

CyH1,0.Ns Dinitroanilinophenanthranaphthazine (SrrcAR and 
Durr), 1949. 

CyoH,,C1IBr, 2:7-Dibromonaphthaflavinduline (Durr), 1952. 

CyoH,s0.N, 4-Nitro-5-anilinophenanthranaphthazine (Sircar and 
Dutt), 1949. 

CyoH0,Se Selenium dehydrobisdibenzoylmethane (Morcan, Drew, 
and BARKER), 247]. 

CyoH0,Se, Selenium dibenzoylmethane (Morean, Drew, and BARKER), 
2466. 

CyH0,Se, cycloTriselenium bisdibenzoylmethane (Morcan, Drew, 
and BARKER), 2467. 

CyHaN,Cl Aminonaphthaflavindulines (Durr), 1954. 

CyHy,N,Cl Diaminonaphthaflavindulines (Durr), 1954. 

aa’-Dicyano-l-pheny]-2:3-dibenzylquinoxalinium chloride (Durt and 

SEN), 2666. 

CooH20N, Quinoxaline derivative of 5:6-diketo-7-methyl-7-eth yl-5:6-di- 
hydro-a-dinaphthaxanthen (SEN-Gupra and TucKER), 563. 

CyoHe,0,Se Selenium bisdibenzoylmethane (Morcan, Drew, and 
BARKER), 2464. 

CyoH.2.0,Se, Diselenium bisdibenzoylmethane (Morcan, Drew, and 
BARKER), 2467. 

30 IV 

CyoH,,0,N,Cl Dinitronaphthaflavindulines (Dutt), 1954. 

CyoH120,N,C1 Nitronaphthaflavindulines (Durr), 1954. 

CyoH,,0,N,Br 3-Bromonaphthaflavinduline nitrate (Dutt), 1953. 

CyH,,0N.Cl Hydroxynaphthaflavindulines (Durr), 1955. 

CyoH,,0,N,Cl Dihydroxynaphthaflavindulines (Durr), 1954. 


30 V 
CyoH,.0,N,CIBr, Dibromonitronaphthaflavinduline (Durr), 1955. 
CyoH,,0,N,CIBr Bromodinitronaphthaflavinduline (Durr), 1955. 


C,;, Group. 
C3:H.,0, Dibenzoyloxydistyryl ketone (Buck and HEiLsron), 1097. 


31 III 
C5:H,ON, Quinoxaline derivative of 5:6-diketo-7:7-diethyl-5:6-dihydro- 
a-dinaphthaxanthen (Sen-Gurra and Tucker), 565. 
C,,H,N,P Triphenylphosphinebenzophenoneazine, reactions of (BRAUN- 
HOL1Z), 301 
31 IV 
C,,H,,0,,NS 1:2:4:5-Tetra-acetoxybenzenesulphamphthalein (Durr), 
2392. 


Cs,H0,N,Cl, Dichloromalontetrabenzylamide (West), 2201. 
C,,H,,0,N,Cl Chloromalontetrabenzylamide (West), 2200. 
C;,H..0,N,Br Bromomalontetrabenzylamide (West), 2200. 


C,, Group. 
Cy2H..0, 2:2’-Diacetoxydianthraquinone (BrapsHaw and PzRKIN), 920. 
C,.H,.0, 2:2’-Diacetoxydianthry] (Perkin and WHatTrTam), 291. 
CxH,,0, 3:3’-Diacetoxydianthrone (PERKIN and WHATTAM), 292. 
Cy.H,,0,, 1:2:4:5:7:8-Hexa-acetoxyfluoran (MUKERdI), 548. 
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C,.H:,N, «a’-Dicyano-1-p-toly]-2:3-dibenzyl-6-methylquinoxaline (Dury 
and SEN), 2666. 
C,.H,.0,, Penta-acetylcapsularin (Saua and CHoupHury), 1045. 


$2 Ill 
Cy2H,,0,N Cevadine (Macperu and Rostnson), 1571. 


32 IV 
C,,H..0.N,S, Diphenylbisazodi-ae-naphthol trisulphide (Warsow and 
Durr), 2419. 
C,,.H..0,N,S, Diphenylbisazohydroxynaphthyl mercaptans (Warsoy 
and Dutt), 2416. 


C,, Group. 
C,,;H..0,N,S, Substance, from ‘‘ saccharin” 
chloride (DuTr), 2393. 
C;;H.,;0,N-S, Substance, from “saccharin” aud 4:6-diaminoresorcinol hydro- 
chloride (Dutt), 2394. 
CasHO.NS Dibenzoyl derivative of phenolsulphamphthalein (Dur), 
2390. 


and m-phenylenediamine hydro. 


C,, Group. 
C,,H,,N,Cl aa’-Dicyano-l-a-naphthyl-2:3-di benzylquinoxalinium 
chloride (Durr and Sn), 2666. 
aa’-Dicyano-l-pheny1-2:3-dibenzy]-1:4-naphthaquinoxalinium chlor. 
ide (Durr and SEN), 2666. 


C;. Group. 


CysHyN, 2:7-Dianilinophenanthranaphthazine (Sircar and Dvrm), 
1948. 


C.5H;.0, Dibenzoy] derivative of phenoleamphorein (KRIsHNa), 254. 
C,,.H3.0., Acetylacertannin (Perkin and Uyepa), 69. 
36 III 
CysHa0.N, Diphthalyl derivative of 2:4:5:7-tetra-amino-1:8-dihydroxy- 
fluoran (MUKERJI), 549. 
C,.H,,0,N, Nitrodianilinophenanthranaphthazine (Strcak and Dutt), 
1948. 


CysH,,0,N, 3-Anilinonaphthaflavinduline nitrate (Durr), 1953. 

CysHogN,Cl aa’-Dicyano-6-anilino-l-pheny]-2:3-dibenzylquinoxalinium 
chloride (Durr and SEN), 2667. 

CysH,,0,N, Base, and its salts, from oxidation of base, CygHgON, (Many), 
2180. 


C37 Group. 


C,;H,0, 5:9-Dibenzoyloxy-7:7-dimethyl-a-dinaphthaxanthen  (Sgx- 


Gupta and TuckEr), 562. 


C;, Group. 
C,,H,,0, 5:9-Dibenzoyloxy-7-methyl-7-ethyl-a-dinaphthaxanthen 
(Sen-Gupta and Tucker), 564. 
CsgHye0. Paullinia tannin (NIERENSTEIN), 23. 


38 III 


C,,H;,0,,Sn, Pentabenzoy! derivative of methylstannonic acid (Lam- 


BOURNE), 2539. 
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FORMULA INDEX. 89 III—52 V 


Cap Group. 


CspHs2012N2 o-Nitrobenzoyleevadine (MAcsBETH and Roprnson), 1574. 


Cy Group. 


CyuHw0uNs Di(o-nitrobenzoyl)cevine (MacBErn and Rosinson), 1575. 


C,. Group. 
CiyH0, 2:2’-Dibenzoyloxydianthryl] (Perkin and Wuatram), 291. 


42 Ill 
C,:HaN,Cl 2:7-Dianilinonaphthaflaviuduline (Durt), 1953. 


Cs. Group. 


CyoH ON 12Sig Substance, from chloropicrin and potassium 2-thiol-5-thio-4- 
pheny1-4:5-dihydro-1:3:4-thiodiazole (RAY and Das), 325. 


C;, Group. 


Cs:1He202 Methoxy-derivative of paullinia tannin (NieRENSTEIN), 27. 


C;. Group. 


Cs2H;,0,N,S,AS, Substance, from triphenylarsine-p-toluenesulphonylimine aud 
p-toluenesulphonamide (MANN and Pope), 1054. 


Page _ 
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1396 bottom for ‘‘ aqueous” read “‘ alcoholic.” 


1221 3* 
1204 18 
1644 12* 
35 20 
337 21 
575 26 
600 25 
1134 17* 
1304 
1394 5 
1642 17 
1754 5* 
1954 7 
2278 19 
2411 14* 
2411 10* 
2420 «=6 
2432 «6 
2624 10* 
2652 13* 


ERRATA. 


Vou. 115 (Trans., 1919). 
Jor “ N/10-sodium hydroxide” read ‘* 0°876.N/10-sodium hydroxide.” 


Vou. 117 (TRans., 1920). 
Replace the densities given by— 
“De? 1°7919, D121°770i, D2 1:7629, D®s 1°7556, D8? 1°7484 
Mean coefficient of dilatation between 0° and 30° 0°00083.” 


Vow. 119 (Trans., 1921). 


Jor ‘‘dimethyldihydroresorcinol” read *‘ cyclohexanespirocyclohexane- 
3: 5-dione.” 


formula XXXIV should read 


OH, 'CH,\ , CHy"CO\ 
CH On; CH “\ CH Co 


(and throughout the paper) for ‘‘ Andropogon iwarancusa”’ read 
** Andrepogon Jwarancusa.” 


>CC1Br. 


Vou. 121 (TRans., 1922). 


Sor **CyO,gNFe,” read ‘‘C,,0,,.NFe,.” 
», ‘*Sipney” read ‘‘SypNnty.” 
after ‘‘on”’ insert ‘‘ the reduced.” 
for ‘*O,H,O,CISPb” read ‘* ChH,0,C],S, Pb.” 
delete ‘* Baeyer . . . and.” 
formula IX ae read ae -CO-CH,’CH: _ Et. 


should read X—3Br ob Na—OH—X. OH+ Na—Br. 


delete ** 450 grams, or.” 
Jor *‘ sulphimines ” read ‘‘ sulphilimines.” 
**CygH,,0,NCl” read “ C,,H,,0,N,Cl.” 
.» **[N,]*” read ‘‘[(N,].” 
»» ‘*4} hours” read ‘* 4} mins.” 
» “SS » et“ ieea” 


A , 
» “a” wat “2.” 
T 
», ** Part IX” read ** Part XI.” 
» ‘*4-nitro-” read ‘* 4-amino-.” 
» “*C,,H,O,N,” read ‘‘ C,,H,0,N,.” 


ide.” 


Ane- 


read 


